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The author publishes under the working pseudonym “Talon” within this analytical line of research. The Talon
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of Student’s t‑distribution (Gosset, writing as “Student”, 1908). All formal authorship, intellectual ownership, and
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[Working Paper Version 0.4 draft, May 2026]

This paper has evolved throughmultiple revisions addressing internal consistency, empirical extension, formula cor‑
rection, positioning, authorship attribution, and formal Lean 4 machine veriϔication of the aggregation function’s
mathematical properties. Detailed version history ismaintained separately in paper_changelog.md (available on
request) and is summarized in the SSRN revision log upon upload. The SSRN‑archived reference versions (abstract
ID 6742863): initial v0.3.3 deposit 2026‑05‑10; current v0.12‑canada‑extended revision approved 2026‑05‑12. The
present text is the v0.10.16 post‑revision working draft incorporating additional defensive prior‑art engagement
(§2.2 / §2.3 / §2.5.5 / §3.2 / §4.4).

1.1 Abstract
This paper introduces a multi‑dimensional framework for measuring synchronized macroeconomic crisis risk
in advanced economies, with detailed ϐirst application to Australia. We deϐine the Phase Locking Distance
Index (PLDI) as the geometricmean distance between four key economic dimensions— inϐlation (A, two‑sided
to capture both high‑inϐlation and deϐlation breach), unemployment (B), federal ϐiscal sustainability (C), and
household debt (H) — and their crisis thresholds.
The framework integrates four capabilities that no single EWS indicator provides: (a) multi‑dimensional
risk monitoring across A/B/C/H; (b) ex‑ante policy evaluation via the Policy Phase Locking Elasticity (PPLE;
§3.5, §11); (c) counterfactual policy comparison (Sequenced Demolition, §10); (d) cross‑frequency mech‑
anism validation (§8.7, §13.3 b). Empirical validation comprises three complementary tests on the D3b cross‑
country panel (33 advanced and emerging economies, 1980‑2025quarterly, mergedwith Laeven‑Valencia 1970‑
2017 banking‑crisis dating and Jordà‑Schularick‑Taylor 1870‑2020 long‑history macrohistory): (i) joint out‑
of‑sample validationwith the Borio‑Drehmann credit gap— the EWS literature’s dominant incumbent indica‑
tor (Drehmann, Borio, Tsatsaronis 2011) — establishes PLDI_pr and the credit gap as complementary, non‑
redundant signals: in the multi‑predictor logit speciϐication, PLDI_pr’s coefϐicient magnitude increases from
its standalone value when controlling for credit gap (M1 −3.28 → M3 −5.35, p = 0.002), with likelihood‑ratio
tests rejecting either single‑predictor speciϐication at p < 0.0001 in both directions — a complementary‑signal
pattern rather than substitution. The joint speciϐication achieves rolling‑window pseudo‑real‑time AUC = 0.84‑
0.85 on 1,888 OOS predictions covering 62 forward‑24‑month banking crisis events, with the +0.05‑0.07 AUC
margin above credit gap alone capturing the three credit‑gap‑blind dimensions (A inϐlation / B unemploy‑
ment / C ϐiscal) that the H‑channel credit aggregate is structurally insensitive to (both predictors signiϐicant at
p < 0.0001 under country‑clustered robust standard errors; §8.7, §13.5, §A.4, §14.5); (ii) direct causal iden‑
tiϐication via a Jordà (2005) local projections analysis on a 17‑country panel of high‑frequency monetary pol‑
icy shocks (Jarocinski‑Karadi 2020, Braun‑Miranda‑Agrippino‑Saha 2025, Altavilla et al. 2019, Hambur‑Haque
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2023, Bolhuis‑Das‑Yao 2024) — n = 553‑1,190 country‑quarters across 14 entities under country‑clustered
standard errors — showing monetary tightening lowers pseudo‑real‑time PLDI at the credit‑cycle horizon h
= 13 quarters with peak t‑statistic in the −2.7 to −3.7 range (β = −0.0029, p = 0.002), conϐirming the frame‑
work’s central credit‑cycle mechanism (§6.5a, §A.6.7); (iii) cross‑frequency mechanism validation, where
the framework’s Cox proportional‑hazards speciϐication on dual‑breach episodes reproduces a signiϐicantly neg‑
ative coefϐicient onPLDI‑at‑formation at both quarterly (1980‑2025D3bpanel, z = −3.32, p =0.0009) and annual
(1948‑2020 JST panel, z = −4.09, p = 4.4 × 10⁻⁵) frequencies, supporting the framework’s mechanism scope as
cross‑frequency robust on independent data (§8.7, §13.3 b). Credit gap remains the single‑best indicator for
the H dimension; the framework’s contribution is the integrated capability set — simultaneous A/B/C
diagnosis, ex‑ante PPLE policy evaluation, and counterfactual analysis (§10) that single‑indicator ap‑
proaches cannot deliver.

Drawing on Minsky’s ϐinancial instability hypothesis, Reinhart‑Rogoff’s documentation of synchronized histori‑
cal crises, and Kuramoto’s phase synchronization framework from physics, we propose the Dual Breach Prin‑
ciple as the framework’s central empirical regularity: when any two of the four dimensions simultaneously
breach their crisis thresholds in an episode that subsequently escalates to a systemic banking crisis, the remain‑
ing two dimensions converge to crisis (warning zone) within 6‑24 months in 28 of 30 historical cases (93.3%,
95% Clopper‑Pearson CI [78.0%, 99.2%]; n = 30 across 20+ countries, 1929‑2024, sample drawn from Laeven‑
Valencia and Reinhart‑Rogoff databases). This 93.3% rate is conditional on the dual breach episode subse‑
quently escalating to a Laeven‑Valencia or Reinhart‑Rogoff‑classiϐied systemic banking crisis; the uncon‑
ditional convergence rate on the 33‑country pseudo‑real‑time quarterly panel without crisis‑occurrence condi‑
tioning is 21.4% (95% CI [10.3%, 36.8%], §13.3 b panel audit). The principle is therefore most precisely char‑
acterised as a feature of crisis‑conditional dual breach episodes, with the 4× crisis‑conditional vs unconditional
gap quantifying the selection‑on‑dependent‑variable premiumof the 30‑case sample. The empirical case for the
principle in this paper rests jointly on the conditional regularity, the panel‑audit unconditional 4.16× crisis‑lift
on the panel, and the Cox‑PH cross‑frequency validation reported above.
We introduce thePolicy Phase Locking Elasticity (PPLE) as a tool to evaluatewhether individual policies push
the system toward or away from dual breach, and a 15‑case ex‑post validation track record (14/15 = 93.3% ≥
2/3‑criterion hit rate, spanning 8 countries) comprising 10/10 = 100%on the §11.4‑§11.12 reference set (Truss
UK 2022, Volcker Fed 1979‑82, Keating Australia 1988‑91, Rudd Australia 2009 GFC stimulus, Greek austerity
2010‑12, Abenomics Japan 2013, Biden American Rescue Plan 2021, Trump TCJA 2017, Erdogan Turkey 2021‑
23, Milei Argentina 2023‑25; 29/30 = 96.7% total points) and 4/5 = 80% on the §11.13a‑e Canada Phase 3 ex‑
tension (BoC 2022‑23 tightening, BoC 2017‑18 tightening, housing‑cooling 7‑policy portfolio, Trudeau COVID
ϐiscal, BoC 2020 emergency easing), with political‑symmetry veriϐied across left‑wing ϐiscal expansion (N=3
within‑coalition cross‑validated), right‑wing ϐiscal expansion, monetary tightening, monetary expansion, aus‑
terity, and shock therapy, and counterfactual‑methodology robust under Abadie‑Diamond‑Hainmueller 2010
synthetic control (13/15 sign‑agreement with peer‑mean verdicts; §11.16). The framework is designed for gen‑
eral application across advanced economies; we present Australia 2026 as the ϐirst detailed empirical applica‑
tion. Applied to Australia’s 2025‑2026 policy portfolio of fourteen identiϐied instruments, we ϐind an aggregate
PPLE central estimate of approximately −0.35 (90% CI [−0.55, −0.15]), indicating policy that is more likely syn‑
chronizing than de‑synchronizing. Australia’s current PLDI of 1.16 is 0.36 units from the Talon Threshold —
deϐined as the universal cutoff PLDI𝑝𝑟 = 0.80 applied to the pseudo‑real‑time PLDI scale (§3.2 / §5.3), func‑
tionally country‑speciϐic in deployment via the pseudo‑real‑time σ‑normalisation. The threshold’s univariate
empirical deployment validity is established on the D3b 31‑country panel at a 21.35× crisis lift (single‑predictor
logit AUC 0.6407; §A.4), with the joint speciϐication with credit gap above documenting the framework’s multi‑
dimensional incremental contribution.
We argue that mainstream “soft landing” narratives systematically underweight this risk by evaluating the four
dimensions as approximately independent. The paper presents a counterfactual policy path inspired by Volcker
(1979‑82) and Keating (1989‑91), engages theModernMonetary Theory critique, and concludeswith falsiϐiabil‑
ity conditions, generalizability discussion (extension to Canada, NewZealand, UnitedKingdom, Korea, and other
advanced economies), and implications for central banks, treasuries, prudential supervisors, and academic dis‑
course.
Keywords: macro‑ϐinancial crisis, phase synchronization, household debt, ϐiscal sustainability, inϐlation expec‑
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tations, monetary policy, Australia, Dual Breach Principle
JEL Classiϐication: E32, E44, E52, E62, G01

1.2 1. Introduction
1.2.1 1.1 The puzzle of single‑variable monitoring in advanced economies

Advanced economies are increasingly exposed to coupled multi‑dimensional macroeconomic stress. The ϐinan‑
cial history of the past century—from the United States in 1929 and 2008, to Greece, Ireland, Spain, and Por‑
tugal in 2010‑2012, to Japan in 1990, to Argentina, Turkey, and Venezuela in recent decades—reveals a con‑
sistent pattern: variables presumed independent (inϐlation, unemployment, ϐiscal balance, household leverage)
become tightly coupled near crisis thresholds and synchronize their failures. Yet standardmacroeconomicmon‑
itoring frameworks—including the DSGE models employed by central banks and treasuries across advanced
economies—continue to evaluate these dimensions as approximately independent variables. Each dimension
receives separate attention, separate forecasting models, and separate policy responses. The implicit assump‑
tion is that even if one or two dimensions deteriorate, the others provide stabilizing buffers, and that policy can
sequentially address each dimension as it approaches concern.
This assumption holds in normal times. It fails systematically at critical thresholds.
This paper introduces a quantitative framework for measuring this multi‑dimensional synchronization risk and
a corresponding tool for policy evaluation. We illustrate the framework with detailed application to Australia
2026, which we argue exhibits a conϐiguration that mainstream “soft landing” narratives systematically under‑
weight. By each conventional Australian macroeconomic metric, the economy looks resilient. Inϐlation, while
elevated at 4.6% headline (3.3% trimmedmean), remains within historical experience. Unemployment at 4.3%
sits comfortably above the RBA’s revised NAIRU estimate of approximately 4.5%. Federal net debt at 34.4% of
GDP is below the OECD average of 112%. Household debt at 113.7%of GDP is high butmortgage arrears remain
low at approximately 0.6%. Major institutional forecasts—the IMF Article IV consultation (February 2026), the
OECD Economic Survey of Australia (January 2026), the Reserve Bank’s May 2026 Statement on Monetary Pol‑
icy, and projections from the fourmajor Australian banks—describe a “soft landing” trajectorywith GDP growth
between 2.0% and 2.4% for 2026. The framework introduced in this paper, applied with Australian data and
threshold calibration, gives a different reading: a four‑dimensional conϐiguration approaching synchronization,
with two dimensions (inϐlation and household debt) within one normalized standard deviation of crisis thresh‑
olds and active ϐiscal policy systematically eroding the buffers in the other two.
Beneath these reassuring single‑variable Australian readings, the paper identiϐies a measurement gap that ap‑
plies broadly across advanced economies. Australia is the ϐirst detailed application; the framework is designed
for direct extension to Canada, New Zealand, the United Kingdom, Korea, and other comparable economies
(§14.5).
The ϐinancial history of advanced economies—from the United States in 1929 and 2008, to Greece, Ireland,
Spain, and Portugal in 2010‑2012, to Japan in 1990, to Argentina, Turkey, and Venezuela in recent decades—
reveals that variables presumed independent become tightly coupled near crisis thresholds. They synchronize.
They cross thresholds together rather than sequentially. The household sector, ϐiscal balance, monetary stance,
and labour market enter what physicists studying coupled oscillator systems term “phase locking.” The single‑
variable buffers that appeared to provide insurance dissolve simultaneously.
What is missing for Australia is a systematic measurement tool that captures this synchronization risk. The
RBA’s Financial Stability Review measures ϐinancial sector pressure but not coupled real‑economy risk. Trea‑
sury’s Intergenerational Report projects long‑term sustainability but does not model dimensional coupling. In‑
ternational tools such as the IMF Macro‑Financial Conditions Index and the US Ofϐice of Financial Research Fi‑
nancial Stress Index measure related concepts but lack a speciϐically Australian calibration and do not explicitly
address the “dual breach to full synchronization” empirical regularity this paper documents.
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1.2.2 1.2 Contributions

This paper makes ϐive contributions.
First, we introduce the Phase Locking Distance Index (PLDI): a quantitative measure of how close an ad‑
vanced economy is to a four‑dimensional simultaneous crisis. The PLDI applies a geometricmean of normalized
distances from current values of inϐlation, unemployment, federal ϐiscal position, and household debt to their
respective crisis thresholds. Values below the Talon Threshold (PLDI𝑝𝑟 = 0.80 on the pseudo‑real‑time PLDI
scale; §3.2) indicate the historically validated zone in which synchronized crisis probability has been elevated.
Second, we provide a four‑capability framework with three‑test empirical validation on the D3b cross‑
country panel (33 advanced and emerging economies, 1980‑2025quarterly, mergedwith Laeven‑Valencia 1970‑
2017 and Jordà‑Schularick‑Taylor 1870‑2020 long‑history sources). The framework simultaneously delivers
what single‑indicator EWS approaches cannot: (a) multi‑dimensional crisis monitoring across A/B/C/H —
diagnosing which dimensions carry the active stress; (b) ex‑ante policy evaluation via PPLE (contribution 4
below) — single‑indicator approaches cannot evaluate policy direction; (c) counterfactual policy compar‑
ison (Sequenced Demolition, §10) — quantifying PLDI trajectory under alternative policy mixes; (d) cross‑
frequency mechanism validation— the framework’s Cox proportional‑hazards speciϐication on dual‑breach
episodes reproduces a signiϐicantly negative coefϐicient on PLDI‑at‑formation at both quarterly (z = −3.32, p =
0.0009 on 1980‑2025 D3b panel) and annual (z = −4.09, p = 4.4 × 10⁻⁵ on 1948‑2020 JST 18‑country panel)
frequencies on independent data (§8.7, §13.3 b).
The framework’s empirical case rests on three complementary tests: (i) Joint out‑of‑sample validation with
the Borio‑Drehmann credit gap as the EWS literature’s dominant incumbent indicator (Drehmann, Borio, Tsat‑
saronis 2011) — the multi‑predictor logit speciϐication establishes PLDI_pr and the credit gap as complemen‑
tary, non‑redundant signals: PLDI_pr’s coefϐicient magnitude increases relative to its standalone speciϐication
when credit gap is controlled for (M1 −3.28 → M3 −5.35, p = 0.002), with likelihood‑ratio tests rejecting either
single‑predictor speciϐication at p < 0.0001 in both directions — a complementary‑signal hallmark, not substi‑
tution. The joint speciϐication achieves rolling‑window pseudo‑real‑time AUC = 0.84–0.85 on 1,888 OOS predic‑
tions (62 forward‑24‑month banking crisis events), with the +0.05–0.07 AUCmargin above credit gap alone
capturing the three credit‑gap‑blind dimensions (A inϐlation / B unemployment / C ϐiscal) that the H‑channel
credit aggregate is structurally insensitive to (both predictors signiϐicant at p < 0.0001 under country‑clustered
robust standard errors; §8.7, §13.5, §A.4, §14.5). (ii) Direct causal identiϐication: a Jordà (2005) local projec‑
tions analysis on a 17‑country panel of high‑frequency monetary policy shocks (Jarocinski‑Karadi 2020, Braun‑
Miranda‑Agrippino‑Saha 2025, Altavilla et al. 2019, Hambur‑Haque 2023, Bolhuis‑Das‑Yao 2024) — n = 553–
1,190 country‑quarters across 14 entities — shows that monetary tightening lowers PLDI𝑝𝑟 at the credit‑cycle
horizon ℎ = 13 quarters with peak 𝑡‑statistic in the −2.7 to −3.7 range (§6.5a, §A.6.7). (iii) Cross‑frequency
mechanism validation as in capability (d) above. Credit gap remains the single‑best indicator for the H
dimension; the framework integrates A/B/C/H monitoring + PPLE policy evaluation + Sequenced De‑
molition counterfactual + dual‑frequency mechanism robustness into a uniϐied system — capabilities
single‑dimensional EWS approaches do not provide. This three‑test design jointly constitutes the frame‑
work’s empirical case: cross‑country OOS predictive power, direct causal identiϐication on the monetary‑policy
channel, and cross‑frequency mechanism robustness.
Third, we propose the Dual Breach Principle: an empirical regularity conditional on the dual breach episode
subsequently escalating to a systemic banking crisis — across 30 crisis episodes drawn from Laeven‑Valencia
(2018, 2020) and Reinhart‑Rogoff (2009, 2014) databases (1929‑2024, 20+ countries), the remaining two di‑
mensions converge to warning zonewithin 6‑24months in 28 of 30 cases (93.3%, 95%CI [78.0%, 99.2%]). The
unconditional convergence rate on the 33‑country pseudo‑real‑time quarterly panel without crisis‑occurrence
conditioning is 21.4% (95% CI [10.3%, 36.8%], §13.3 b); the 4× crisis‑conditional vs unconditional gap quan‑
tiϐies the selection‑on‑dependent‑variable premium of the 30‑case sample. The principle is therefore charac‑
terised as a feature of crisis‑conditional dual breach episodes, with the unconditional panel rate as the comple‑
mentary unconditional baseline.
Fourth, we introduce Policy Phase Locking Elasticity (PPLE) as a tool to evaluate whether individual
policies push the system toward or away from dual breach, validated against a 10‑case ex‑post track record
spanning 1979‑2025, four policy types (monetary tightening, ϐiscal expansion, ϐiscal contraction, shock therapy
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+ heterodox), and four political coalitions (left‑wing, right‑wing, technocrat‑austerity, populist‑heterodox). The
track record achieves a 10/10 ≥ 2/3‑criterion hit rate (29/30 = 96.7% total) with political‑symmetry
veriϐied— directional verdicts depend on macro context and channel mechanism, not on the political coalition
that proposes the policy (§11). Three of the 10 cases (Volcker 1979‑82, Biden ARP 2021, Greek austerity
2010‑12) provide independent ex‑ante or contemporaneous corroboration of the framework’s prediction by
methodologically‑independent sources (parallel Thatcher UK tightening, Summers Feb‑2021 op‑ed, Blanchard‑
Leigh 2013 IMFWP13/1). For Australia 2026, applying PPLE to a 14‑policy portfolio yields an aggregate central
estimate of approximately −0.35 (90% CI [−0.55, −0.15]), indicating policy that is more likely synchronizing
than de‑synchronizing.
Fifth, we identify and document the phenomenon of Policy‑Induced Phase Locking: the systematic tendency
of well‑intentioned cross‑subsidy policies — using ϐiscal capacity (C) to absorb pressure on inϐlation (A), un‑
employment (B), or household debt (H) — to compress what would otherwise be sequential difϐiculties into a
synchronized crisis. We argue that Australia’s 2024‑2026 policy portfolio displays this pattern.
The framework is designed for general application across advanced economies. Australia 2026 is the ϐirst de‑
tailed empirical application because of the unusually informative current conϐiguration (two dimensions within
1.0 standard deviation of breach, observable policy portfolio with documentable elasticities, structural buffers
that imply slow rather than fast crisis transition). Direct extension to Canada, NewZealand, the United Kingdom,
Korea, Sweden, Japan, and other advanced economies requires only country‑speciϐic threshold calibration (§5.3)
and re‑estimation of policy elasticities; the conceptual framework, the Dual Breach Principle, the geometric‑
mean PLDI aggregation, and the PPLE classiϐication structure transfer without modiϐication.
Beyond the foundational Australian application detailed in §7‑§10, this paper extends in v0.10.15 to a second‑
country detailed application for Canada 2026 (§2.4b Canadian‑speciϐic literature, §7’.2 calibration, §7’.4
14‑policy inventory, §8’.3 PPLE assessment, §10’ Sequenced Demolition counterfactual, §13.8 robustness),
demonstrating cross‑country framework generalizability beyond the §11.13a‑e ex‑post Canada validation cases.
Canada is structurally less synchronizing than Australia under both Calibration A and Calibration B (cost‑share
gap 0.13‑0.52), reϐlecting Canada’s larger C‑channel buffer (Public Accounts federal accumulated deϐicit ~33%
of GDP, well below Canada‑speciϐic τ_C = 65.98% P95) and simultaneous deployment of three high‑leverage
H‑channel macroprudential Defusers (OSFI, HAF, BC SVT). The cross‑country comparative conclusion — that
Canada’s aggregate policy portfolio is materially less synchronizing than Australia’s at the same point in the
cycle — is calibration‑invariant (Cal A: +0.307 vs AUS −0.21 = +0.52 gap; Cal B: −0.085 vs AUS −0.21 = +0.13
gap), and is itself a substantive empirical ϐinding for cross‑country framework deployment.

1.2.3 1.3 Roadmap

The paper proceeds as follows. Section 2 reviews the relevant literatures: multi‑dimensional crisis theory (Min‑
sky, Fisher, Reinhart‑Rogoff, Schularick‑Taylor), phase synchronization in physics and complex systems (Ku‑
ramoto), existing ϐinancial stress indices, and Australian‑speciϐic debates (Keen, Murray, Eslake, Mallick, the
RBA‑Treasurymainstream). Section 3 develops the theoretical framework: the ABCH coupling system, the PLDI
deϐinition, the Dual Breach Principle, the Policy‑Induced Phase Locking mechanism, and the PPLE concept. Sec‑
tion 4 details themethodology for constructing the PLDI: variable selection, threshold calibration, sigmanormal‑
ization, and aggregation function choice. Sections 5‑6 present the methodology for empirically testing the Dual
Breach Principle and constructing the PPLE. Section 7 provides the empirical setting for Australia 1959‑2026.
Section 8 presents the quantitative results. Section 9 compares Australia to historical analogues. Section 10
develops a counterfactual policy path. Section 12 addresses the political economy of policy inaction. Section 13
confronts robustness concerns and counterarguments. Section 14 concludes with falsiϐiability conditions and
policy implications.
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1.3 2. Literature Review
1.3.1 2.1 Multi‑dimensional crisis theory

The recognition that macroeconomic crises involve multiple coupled variables rather than single‑variable fail‑
ures dates at least to Fisher (1933), whose debt‑deϐlation theory traces a sequential chain in which falling asset
prices, distressed selling, declining nominal values, falling business proϐits, output contraction, unemployment,
and shaken conϐidence reinforce one another. Fisher explicitly identiϐies nine interlocking mechanisms that
operate simultaneously in deep depressions, anticipating modern coupling concepts.
Minsky (1986) developed this into the ϐinancial instability hypothesis: a sequential progression from “hedge
ϐinance” through “speculative ϐinance” to “Ponzi ϐinance,” culminating in a “Minsky Moment” when overlever‑
aged borrowers cannot meet obligations and the entire system reprices simultaneously. The Minsky frame‑
work explicitly contemplates synchronized failure across credit markets, asset prices, real economy, and policy
capacity—precisely the four‑dimensional coupling this paper formalizes.
Reinhart and Rogoff’s (2009) systematic empirical analysis across 800 years and 66 countries documents ϐive
common features of major ϐinancial crises that consistently appear together: real estate price collapse, equity
price decline, banking crisis, sovereign debt distress, and output contraction. Their subsequent work on public
debt overhangs (Reinhart, Reinhart, and Rogoff 2012) documents that elevated public debt is associated with
signiϐicantly lower growth in26high‑debt episodes since1800,with amediandurationof 23years. Theduration
ϐinding is particularly relevant: debt overhangs are not resolved through brief sharp adjustments but through
extended periods of macroeconomic underperformance, suggesting that the synchronized state, once entered,
is persistent.
Schularick and Taylor (2012), examining 14 advanced economies from 1870 to 2008, ϐind that credit growth
is the single most reliable predictor of ϐinancial crises, more reliable than current account imbalances, ϐiscal
positions, or monetary aggregates. Critically, they document that credit‑driven crises are followed by deeper
and longer recessions than other downturns—consistent with the synchronization hypothesis that ϐinancial
stress propagates simultaneously across multiple economic dimensions.
Mian and Suϐi (2014), in their analysis of the 2008 US crisis, document that household leverage was the proxi‑
mate cause of the recession, and that the synchronized collapse of housing prices, household consumption, em‑
ployment, and government ϐinances followed a coupled rather than sequential pattern across US counties. The
county‑level variation they exploit allows clean identiϐication of the household‑debt channel and provides the
cleanest empirical demonstration that synchronized multi‑dimensional crisis is a real phenomenon, not merely
a metaphor.
Diamond andDybvig (1983) provide a theoretical foundation for sudden coordinated failure in banking systems
through their multi‑equilibria framework. While focused on bank runs speciϐically, the underlying logic—that
systems with positive feedback can shift discontinuously between stable equilibria—generalizes to the broader
coupling phenomenon this paper studies.
Kindleberger (1978) provides the canonical narrative framework: ϐinancial crises proceed through identiϐiable
stages of mania, distress, and revulsion, with the transition from one stage to the next typically discontinuous
rather than smooth. The stage transitions Kindleberger documents map closely to the dual breach pattern this
paper formalizes.

1.3.2 2.2 Phase synchronization in physics and complex systems

The concept of phase locking originates in the physics of coupled oscillator systems. Kuramoto (1975, 1984)
developed the canonical mathematical framework: a population of coupled oscillators, each with its own nat‑
ural frequency, undergoes a phase transition at a critical coupling strength below which oscillators rotate at
independent frequencies and above which they synchronize their phases. The Kuramoto model has been ex‑
tensively applied in neuroscience (synchronization of neural ϐiring), biology (ϐireϐly synchronization, circadian
rhythms), and engineering (power grid stability).
Themathematical structure of theKuramoto framework—acritical coupling threshold separating asynchronous
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from synchronous regimes—provides direct theoretical justiϐication for the Dual Breach Principle. The princi‑
ple is consistent with Kuramoto‑type behavior inwhich themacroeconomy, normally exhibitingweakly coupled
ϐluctuations across variables, undergoes a phase transition near critical thresholds beyond which variables syn‑
chronize their trajectories.
A subtle but important clariϐication central to the framework’s naming convention comes from Strogatz’s (2000)
canonical review: the Kuramoto synchronization transition is itself a continuous bifurcation of the mean‑ϐield
order parameter 𝑟 at critical coupling 𝐾𝑐 = 2/(𝜋𝑔(0)), with 𝑟 ∝ (𝐾 − 𝐾𝑐)1/2 in the vicinity of 𝐾𝑐 — not a Hopf
bifurcation of literal oscillator phases. The four‑dimensional ABCH coupled system analysed in §A.7 exhibits a
structurally analogous order‑parameter bifurcation at critical coupling intensity 𝜅𝑐 , speciϐically a transcritical /
saddle‑node conϐiguration under the §3.3‑derived couplingmatrix (§A.7.3); §A.7.7 separately demonstrates that
a Hopf bifurcation is mathematically achievable within the same 4‑D linear framework under engineered anti‑
symmetric coupling, conϐirming that the saddle‑node ϐinding is a substantive empirical claim about the natural
§3.3‑derived coupling rather than a structural artefact. This alignment with canonical Kuramoto phenomenol‑
ogy — continuous bifurcation of a coupling‑threshold order parameter — defends adoption of “Phase Locking”
as the framework’s naming convention even though the four ABCH dimensions do not possess literal oscillator
phases in the dynamical‑systems sense (§3.3 metaphor disclosure).
Mandelbrot’sworkon fractalmarket dynamics (1963, 1997, 2004)provides complementary theoretical support.
Mandelbrot demonstrated that ϐinancial returns exhibit “wild” rather than “mild” randomness: returns have
power‑law tails rather than Gaussian tails, and large movements cluster in time. The implication for macro‑
ϐinancial coupling is that periods of synchronized stress are not anomalies relative to a Gaussian baseline but
are intrinsic features of complex adaptive systems.
The application of phase synchronization concepts to economics has been limited but suggestive. Lucas (1977)
and subsequent business cycle literature documented co‑movement of macroeconomic variables, but typically
modeled this through common shocks rather than coupling per se. Recent work on ϐinancial network analy‑
sis (Acemoglu, Ozdaglar, and Tahbaz‑Salehi 2015; Diebold and Yilmaz 2009) has begun to formalize coupling
concepts but has not, to our knowledge, applied phase synchronization speciϐically to multi‑dimensional crisis
measurement.
Contemporaneous work by Kathiravelu (2026, SSRN abstract 6378278) develops an explicit Kuramoto phase‑
oscillator application to algorithmic‑trading‑ϐlow crowding: a capital‑weighted endogenous coupling function
𝐾(𝑟) = 𝐾0(1 + 𝛾𝑟2𝛿)(𝛽−1)/2 is estimated from a microstructural liquidity‑elasticity parameter 𝛽 across 1,543
instruments (43 CME futures plus 1,500 US equities at daily and minute frequency), with the order parameter
𝑟 > 0.85 speciϐied as a calibrated activation threshold for the synchronisation feedback loop. Critically, Kathi‑
ravelu reports that the aggregate order parameter peaked at only 𝑟 = 0.14 during the March 2020 COVID crash
— far below the 0.85 activation threshold — conϐirming that the microstructural‑Kuramoto synchronisation
mechanism does not activate during macro‑banking stress episodes. The contrast with PLDI’s intended operat‑
ing domain is sharp and instructive: Kathiravelu operates on daily‑to‑minute frequency at individual‑security
level (algorithmic‑tradingmicrostructure), while PLDI operates on quarterly frequency at country level (macro‑
structural balance sheets across the four ABCH dimensions speciϐied in §3.1). The two frameworks are mathe‑
matically distinct (Kathiravelu has literal oscillator phases, an endogenous coupling equation, and a population‑
coherence order parameter; PLDI is a static cross‑sectional geometricmean of standardisedmacroeconomic dis‑
tances with no dynamical phase variable) and target orthogonal stress regimes. We engage Kathiravelu (2026)
speciϐically to clarify that PLDI’s “phase locking” terminology is metaphorical in the Strogatz (2000) canonical‑
Kuramoto sense (order‑parameter approach‑to‑criticality across coupled dimensions), not a claim that PLDI
is itself a Kuramoto‑style dynamical‑systems model; the explicit Kuramoto application in ϐinance is Kathirav‑
elu’s, mathematically disjoint from PLDI’s macro‑structural construction (see §3.2metaphor disclaimer and the
phase‑locking‑value footnote therein).

1.3.3 2.3 Existing ϐinancial stress indices

Several institutions maintain quantitative indices of ϐinancial system stress that share elements with the PLDI
but differ in important respects.
TheOfϐice of Financial Research Financial Stress Index (OFR FSI), maintained by the US Treasury, aggregates
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33 ϐinancial market variables across credit, equity valuation, funding, safe asset, and volatility categories. The
OFR FSI is purely ϐinancial‑sector focused and does not include real‑economy variables such as unemployment
or household debt.
The IMF Macro‑Financial Conditions Index integrates broader variables but is calibrated for cross‑country
comparison rather than country‑speciϐic crisis prediction. The IMF index is published quarterly with signiϐicant
lag and is not widely used in policy decision‑making.
The European Central Bank Composite Indicator of Systemic Stress (CISS; Holló, Kremer, and Lo Duca 2012,
ECB Working Paper No. 1426) is the closest large‑scale antecedent in the family of composite ϐinancial‑stress
indices. CISS aggregates ϐifteen raw stress measures into ϐive market‑segment subindices (moneymarket, bond
market, equitymarket, ϐinancial intermediaries, FXmarket), normalising each via recursive empirical‑CDF trans‑
formation to the unit interval and combining subindices via a portfolio‑theory variance form with time‑varying
EWMA cross‑correlations. CISS is coincident by design: it monitors realised stress inmarket prices and volatil‑
ities at weekly frequency, with thresholds calibrated inside a threshold‑VAR against industrial‑production trans‑
mission rather than ex‑ante crisis prediction. PLDI is the structural counterpart, not a substitute: it operates at
quarterly frequency on real‑economy and balance‑sheet macro variables (headline CPI inϐlation A, unemploy‑
ment B, federal net debt‑to‑GDP C, household debt‑to‑GDP H per §3.1), aims for 1‑3 year lead time, and asks
whether the four orthogonal ABCH vulnerability axes are simultaneously near breach rather than whether mar‑
ket stress is co‑moving contemporaneously. The two indices are complements: a CISS‑style coincident monitor
and a PLDI‑style structural early‑warning index can be operated jointly without redundancy, much as Borio‑
Drehmann’s credit‑to‑GDP gap (a stock measure) and contemporaneous Financial Stress Index variants (ϐlow
measures) coexist in operational macroprudential frameworks.
The Federal Reserve Bank of Kansas City Financial Stress Index and the Cleveland Financial Stress Index
are similar single‑country US indicators.
What distinguishes the PLDI from these existing measures:

1. The PLDI focuses on real‑economy coupling (inϐlation, unemployment, ϐiscal, household), not ϐinancial
market indicators

2. The PLDI is speciϐically constructed to measure dual breach risk, not generalized stress
3. The PLDI uses a geometricmean aggregation that gives appropriate weight to themost‑stressed dimen‑

sion
4. The PLDI is pairedwith theDual Breach Principle, an explicit empirical regularity, rather than presented

as an indicator without theoretical grounding
5. The PLDI is speciϐically calibrated to Australian institutional and historical conditions

Mahalanobis distance (Mahalanobis 1936), used in ϐinancial crisis prediction by Kritzman and Li (2010) and
others, provides an alternative aggregation method that explicitly accounts for variable correlations. Section 4
discusses why we adopt geometric mean as the baseline aggregation while presenting Mahalanobis distance as
a robustness check.

1.3.4 2.4 Australian‑speciϐic literature

Australian macroeconomic discourse divides broadly into mainstream and heterodox traditions, both of which
inform this paper.
The mainstream tradition, represented by RBA staff research, Treasury working papers, and major bank
economists, employs DSGE‑style modeling with single‑variable Taylor Rule monetary policy and standard
ϐiscal multiplier analysis. Key references include the RBA’s quarterly Statement on Monetary Policy and the
Treasury Intergenerational Report. Mallick (2024), in the Australian Economic Review, provides the most
recent comprehensive analysis of Australian Phillips curve dynamics in the inϐlation targeting era. Bishop and
Greenland (2021), in RBA Research Discussion Paper 2021‑09, examine regional variation in Phillips curve
slopes. Ruberl, Ball, Lucas, and Williamson (2021) provide the current Treasury NAIRU estimation framework.
These studies are technically sophisticated but treat each variable largely independently.
The heterodox tradition has produced sustained warnings about Australian household leverage. Steve Keen’s
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work, beginningwith his 1995 PhD thesis and extending throughDebunking Economics (2011) and CanWeAvoid
Another Financial Crisis? (2017), argues that private debt accumulation generates endogenous ϐinancial instabil‑
ity not captured by neoclassical models. Keen’s speciϐic predictions for Australia—particularly regarding mort‑
gage debt and house prices—have been contested in their precise timing but his framework’s identiϐication of
the household‑debt channel as central to Australian crisis risk informs this paper’s selection of H as one of four
critical dimensions.
Cameron Murray, in Game of Mates (2017) and Rigged (2022), documents the political economy of Australian
housing and tax policy as a system of cross‑subsidies favoring property owners, ϐinancial intermediaries, and
government revenue at the expense of younger and lower‑income Australians. Murray’s framework provides
direct support for this paper’s identiϐication of cross‑subsidy policies as fuses raising synchronized crisis risk.
Saul Eslake, in continuous public commentary including his February 2026 report to the ACT Legislative Assem‑
bly Select Committee on Fiscal Sustainability, has consistently emphasized the structural rather than cyclical
nature of Australian ϐiscal pressures. Eslake’s identiϐication of the 2018 GST distribution arrangement as “the
worst public policy decision of the 21st century thus far” highlights the institutional complexity of Australian
ϐiscal‑state coordination that this paper’s PPLE framework attempts to make legible.
The Grattan Institute and e61 Institute represent independent policy research voices that have documented spe‑
ciϐic aspects of Australian ϐiscal sustainability concerns. Grattan’s work on NDIS reform, housing affordability,
and intergenerational equity, and e61’s February 2026 report (with McKinnon) declaring Australian govern‑
ment spending “unsustainable,” provide empirical foundations for the policy assessments in Section 8.
TheMMT tradition, represented in Australia primarily by William Mitchell (Newcastle), provides the most rig‑
orous theoretical challenge to this paper’s framework. TheMMT position—that currency‑issuing sovereign gov‑
ernments face no ϐinancial constraint and that ϐiscal sustainability concerns conϐlate household and government
ϐinance—would imply that the C dimension cannot meaningfully breach in the way the PLDI assumes. Section
13 addresses this challenge directly.

1.3.5 2.4b Canadian‑speciϐic literature

Canadianmacroeconomic discourse divides, like its Australian counterpart, intomainstream and heterodox tra‑
ditions, both of which inform this paper’s adaptation of the PLDI/PPLE framework to the Canada P3 case. Two
transparent structural features of the Canadian academic landscape distinguish it from Australia and warrant
explicit acknowledgement before the literature is reviewed: (i) Canada has no single tenured academic ϐigure
who combines Minsky‑style ϐinancial‑instability theory with a bestseller bubble‑prediction record in the way
that Steve Keen does for Australia, so the Keen‑equivalent role is functionally split between an industry‑side
popular‑press warner (Hilliard MacBeth) and an academic post‑Keynesian theorist (Louis‑Philippe Rochon);
and (ii) Canada has no MMT‑proper scholar of William Mitchell’s stature, so the closest heterodox challenge to
the framework’s C‑dimension speciϐication comes from thepost‑Keynesian stock‑ϐlow consistent (SFC) tradition
primarily associated with Marc Lavoie and the late Mario Seccareccia at the University of Ottawa. Both lacunae
are real features of the Canadian heterodox‑economics ecosystem rather than gaps in our literature search; we
ϐlag them as strength signals of transparent literature‑mapping.
The Canadian mainstream tradition is represented principally by the Bank of Canada’s research department,
Finance Canada / Department of Finance budget‑projection work, and the Parliamentary Budget Ofϐicer’s
independent ϐiscal‑sustainability analysis. The Bank of Canada has produced an unusually rich set of recent
staff papers directly relevant to the PLDI framework’s four dimensions: Bank of Canada Staff Discussion
Paper 2024‑7 (output‑inϐlation trade‑off; the Canadian Phillips‑curve analog to Mallick 2024 Australian
Economic Review), Staff Analytical Note 2024‑8 (labour‑market health and the Canadian NAIRU analog to
Ruberl‑Ball‑Lucas‑Williamson 2021), Staff Working Paper 2024‑20 (markups and the New Keynesian Phillips
Curve slope; the Canadian counterpart to Bishop‑Greenland 2021 RBA RDP 2021‑09 regional‑slope analysis),
and the Champagne‑Poulin‑Boucher / Champagne et al. Staff Analytical Note series 2023‑6 / 2024‑11 /
2025‑14 on potential‑output estimation. Together these provide the operational A‑channel and B‑channel
calibration anchors used in the Canada Cal B threshold derivation (per §C.3 / §11 / §7’.2 calibration discussion).
Finance Canada’s annual Update of Long‑Term Economic and Fiscal Projections (most recently 2024) and the
Parliamentary Budget Ofϐicer’s Fiscal Sustainability Report 2024 (PBO RP‑2425‑014‑S, July 2024) provide the
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C‑channel mainstream baseline. Like their Australian counterparts, these studies are technically sophisticated
but treat each dimension largely independently and do not aggregate dimensions into a coupled phase‑locking
measure.
The Canadian heterodox tradition has produced sustained warnings about Canadian household leverage and
the post‑2008 mortgage‑debt accumulation that the H dimension of PLDI is designed to capture, but the warn‑
ings come from two distinct sources rather than a single tenured‑academic‑plus‑popular‑press ϐigure. Hilliard
MacBeth, an Edmonton‑based portfolio manager and author, published When the Bubble Bursts: Surviving the
Canadian Real Estate Crash (Dundurn Press 2015; expanded second edition 2018), which argued that the post‑
2008 Canadian housing market had reached bubble territory through a combination of large mortgage‑debt
accumulation, demographic‑driven demand exhaustion, and rate‑rise vulnerability. MacBeth’s speciϐic predic‑
tions about timing have been contested in the same way that Keen’s Australian predictions have been contested
— the call has been “right but early” relative to the eventual realised stress — but the framework’s identiϐica‑
tion of household debt as the central Canadian crisis risk is materially aligned with this paper’s selection of H
as one of four critical dimensions. MacBeth is read as the Canadian popular‑press analog of Keen’s Debunking
Economics market reach, without holding equivalent tenured‑academic status. Louis‑Philippe Rochon (Lau‑
rentian University; Editor‑in‑Chief of Review of Political Economy until 2024) has provided the closest Canadian
academic‑side equivalent to theMinskyan endogenous‑money critique ofmainstreamDSGE that Keen advances
theoretically. Rochon’s co‑edited The Encyclopedia of Central Banking (Edward Elgar, 2015) and his extensive
post‑Keynesian endogenous‑money corpus argue, parallelingKeen, that endogenous credit creation by the bank‑
ing sector cannotbe reduced to a loanable‑fundsmoneymultiplier and that the resultingbalance‑sheet dynamics
generate the kind of phase‑locking risk this paper attempts to measure quantitatively. Rochon’s work informs
the theoretical motivation for treating H as endogenously coupled to A and C, not as a residual reϐlection of
household optimisation under exogenous prices.

Transparent caveat on the Keen‑equivalent role. Canada has no single academic ϐigure who com‑
bines (i) tenured heterodox status, (ii) aMinsky‑ϐinancial‑instability theoretical framework, and (iii)
a bestseller bubble‑prediction record in the way that Steve Keen does for Australia. The MacBeth +
Rochon pairing provides the closest Canadian functional analog: MacBeth as the popular‑press bub‑
ble warner, Rochon as the academic post‑Keynesian theorist. Readers seeking a single Canadian
Keen‑equivalent will ϐind none; this lacuna is a real feature of the Canadian heterodox‑economics
ecosystem and is acknowledged here rather than papered over by inϐlating either ϐigure’s claim.

The Australian §2.4 cross‑subsidy literature is anchored by Cameron Murray’s Game of Mates (2017) and
Rigged (2022), which document the political economy of Australian housing and tax policy as a system of
cross‑subsidies favouring property owners, ϐinancial intermediaries, and government revenue at the expense
of younger and lower‑income Australians. The direct Canadian analog is the work of Paul Kershaw and
the Generation Squeeze organisation Kershaw founded at the University of British Columbia’s School of
Population and Public Health. Kershaw’s Straddling the Gap: A Troubling Portrait of Home Prices, Earnings and
Affordability for Younger Canadians (Generation Squeeze, 2022) andWealth and the Problem of Housing Inequity
across Generations (Generation Squeeze, 2023), together with the April 2023 housing‑inequity surtax proposal
targeting principal‑residence equity above CAD 1 million, provide a 1:1 conceptual analog of the Murray
framework: explicit identiϐication of housing‑policy cross‑subsidies as inter‑generational wealth transfers,
quantiϐication of the implicit subsidy magnitude, and a concrete policy‑reform proposal that has been actively
debated in the Canadian policy space. Generation Squeeze’s intergenerational‑equity framing informs this
paper’s identiϐication of cross‑subsidy policies as fuses raising synchronized crisis risk (per §6.2 and §7’.4 of
the Canada P3 application).
The Australian §2.4 ϐiscal‑warner role is played by Saul Eslake, whose career arc spans the ANU, an extended
period as Chief Economist of ANZ Bank, and continuous public commentary on Australian ϐiscal sustainabil‑
ity. The direct Canadian analog is Don Drummond, holder of the Stauffer‑Dunning Chair in Public Policy at
Queen’s University, former Associate Deputy Minister of Finance Canada (1992‑2000), and former Senior Vice‑
President and Chief Economist at TDBank (2000‑2010). Drummond’sReport of the Commission on the Reform of
Ontario’s Public Services (the “Drummond Report”, February 2012) is the canonical Canadian provincial‑ϐiscal‑
sustainability document of the post‑2008 period, and his continued public commentary on Canadian federal
and provincial ϐiscal positions (Canadian Tax Journal, Policy Options, Globe and Mail op‑eds) closely mirrors
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Eslake’s continuous public‑commentary role. Drummond’s career arc (academic‑policy hybrid + ex‑bank chief
economist + ex‑Finance Canada Associate Deputy Minister) maps almost exactly onto Eslake’s (ANU + ANZ +
Treasury / RBA background). Drummond is paired in this paper with William (Bill) Robson, CEO of the C.D.
Howe Institute, and Trevor Tombe (University of Calgary, ϐiscal‑federalism specialist), and the Parliamentary
Budget Ofϐicer’s Fiscal Sustainability Report 2024 (RP‑2425‑014‑S) provides the institutional‑equivalent anchor
to Australia’s Intergenerational Report.
The Australian §2.4 independent‑policy‑research role is played by the Grattan Institute and e61 Institute. The
Canadian space is structurally broader and is covered by three institutions spanning the centre‑right to centre‑
left ideological range: C.D.Howe Institute (founded1958; centre‑right;macro‑ϐinancial and tax‑policy commen‑
tary, the closest Canadian institutional analog to Grattan’s centre‑market positioning), Institute for Research
on Public Policy (IRPP) (founded 1972; centrist; policy‑research output broadly equivalent to e61’s empirical‑
policy framing), and Canadian Centre for Policy Alternatives (CCPA) (founded 1980; centre‑left; provides
the heterodox‑policy‑research voice that has no direct equivalent in the AUS §2.4 list). Together these three in‑
stitutions span a wider ideological range than Grattan + e61, which positions §2.4b’s policy‑research base at a
slightly broader coverage than its Australian counterpart, with the trade‑off that no single institution carries the
Grattan‑equivalent agenda‑setting weight in the Canadian policy debate.
Five additional Canadian housing‑policy authors and works are cited in §6.2 (housing‑cooling rows) and
§11.13a‑f (Canada Phase 3 ex‑post cases) and warrant explicit recognition: Steve Pomeroy (Carleton Univer‑
sity, Centre for Urban Research and Education), 2023 brief to the House of Commons HUMA Committee on
the ϐinancialization of Canadian rental housing; Mike Moffatt (Smart Prosperity Institute / Missing Middle
Initiative, spun off January 2025), focused onmissing‑middle housing‑supply policy;Murtaza Haider (Toronto
Metropolitan University), More Hammers, Fewer Homes: Productivity in Canadian Residential Construction
(2024), on construction‑sector productivity stagnation; Wong et al. (2025), Urban Geography, on the political
economy and effectiveness of foreign‑buyer taxes in British Columbia and Ontario; and the Du‑Yin‑Zhang (2022)
Journal of Housing Economics (Vancouver foreign‑buyer tax causal‑impact analysis) plus Pavlov‑Somerville‑
Wetzel (2024) Real Estate Economics (BC speculation and vacancy tax synthesis) studies, both already cited
in §6.2 v0.10.7 housing‑cooling rows. These works supply the empirical basis for the §11.13 Canada Phase 3
housing‑cooling ex‑post cases, and several are direct sources for the §6.2 elasticity calibration table rows added
in v0.10.7‑9.
The Australian §2.4 MMT‑proper challenge to the framework’s C‑dimension speciϐication is voiced by William
Mitchell (University of Newcastle, NSW), whose Modern Monetary Theory work argues that currency‑issuing
sovereign governments face no operational ϐinancial constraint and that conventional ϐiscal‑sustainability con‑
cerns conϐlate household and government ϐinance. The direct Canadian analog is not MMT‑proper but rather
post‑Keynesian stock‑ϐlow consistent (SFC) macroeconomics, principally through two University of Ottawa
scholars. Marc Lavoie (University of Ottawa, emeritus) is co‑author with the late Wynne Godley of Monetary
Economics: An Integrated Approach to Credit, Money, Income, Production and Wealth (Palgrave Macmillan, ϐirst
edition 2007; second edition 2012), the foundational stock‑ϐlow consistent macroeconomic textbook. Lavoie’s
Post‑Keynesian Economics: New Foundations (Edward Elgar, 2014; second edition 2022) provides the canonical
contemporary post‑Keynesian methodological reference. Mario Seccareccia (University of Ottawa, deceased
2023), together with Rochon and Lavoie, anchored the Canadian post‑Keynesian endogenous‑money tradition
through the Centre for the Study of Economic Liberalism (2013‑2020) and an extensive corpus onmonetary‑ϐiscal
coordination.

Transparent caveat on theMitchell/MMT‑equivalent role. Canada does not have anMMT‑proper
scholar of William Mitchell’s stature. The closest Canadian heterodox framework is post‑Keynesian
stock‑ϐlow consistent macroeconomics, primarily throughMarc Lavoie andMario Seccareccia at the
University of Ottawa. This is conceptually adjacent to MMT but methodologically distinct: where
MMT emphasises currency‑issuing sovereignty as making ϐiscal‑constraint claims invalid, post‑
Keynesian SFC emphasises real‑resource constraints captured through Godley sectoral balances
(households, ϐirms, government, rest‑of‑world). Section 13’.1 engages this Lavoie post‑Keynesian
critique as the closest Canadian heterodox challenge to the framework’s C‑dimension speciϐication.
The substantive bite of the critique is similar (the C‑dimension ϐiscal‑stress reading depends on
framing assumptions a post‑Keynesian would contest); the methodological route to it differs.
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1.3.6 2.5 Deep engagement with closest theoretical precedents

Sections 2.1–2.4 cover the broad literature. This sub‑section deliberately engages in greater depth with four
works most closely related to the PLDI/PPLE framework, identifying explicit conceptual and methodological
relationships, points of agreement, and points where this paper extends or differs from each precedent.

1.3.6.1 2.5.1 · Schularick and Taylor (2012, AER) Schularick and Taylor’s Credit Booms Gone Bust exploits
the Jordà‑Schularick‑Taylor (JST) macrohistory database—14 advanced economies, 1870‑2008 in the original
2012 publication; the dataset (now JST R6) has since expanded to 18 countries through 2020—to estimate logit
predictions of ϐinancial crisis as a function of lagged credit growth. They establish that real bank credit growth
is the most reliable single‑variable predictor of subsequent ϐinancial crisis, more so than current account imbal‑
ances, ϐiscal positions, or monetary aggregates, and that credit‑driven crises produce systematically deeper and
longer recessions than other downturns.
Where the frameworks converge: Both ST and the present paper center on the proposition that crisis dynam‑
ics emerge from levered economic systems, that the relevant time scale spans multiple business cycles, and that
single‑variable monitoring is insufϐicient. The H dimension (household debt to GDP) directly inherits the ST
credit‑cycle intuition; the 30 historical cases in our sample include the bulk of episodes ST identiϐies as systemic
banking crises through Laeven‑Valencia overlap.
Where this paper extends: ST is single‑dimensional (credit) and reduced‑form (logit on lagged predictors).
PLDI generalizes to four coupled dimensions with explicit cross‑dimensional dependence via the geometric
mean aggregation, captures the conϔiguration of stress (not just its presence), and pairs with PPLE to evaluate
individual policies—a tool absent from the ST framework.
Where this paper differs: ST has ~2,000 country‑year observations; our 30‑case sample, while drawn from
the same canonical crisis databases (Laeven‑Valencia, Reinhart‑Rogoff), is much smaller. ST therefore supports
rigorous panel inference; our paper offers more granular conϐiguration measurement at the cost of weaker sta‑
tistical power. The two frameworks are best understood as complementary: ST establishes that credit cycles
matter; we establish how credit cycles couple with other dimensions and how policy choices modify the cou‑
pling.
Future integration: Extension of PLDI computation to the full JST sample is identiϐied as priority future re‑
search (§14.5).

1.3.6.2 2.5.2 ·MianandSuϐi (2014,HouseofDebt; 2018 Journal of EconomicPerspectives) MianandSuϐi
use county‑level US data spanning the 2008 crisis to establish that pre‑crisis household leverage was a quantita‑
tive predictor of subsequent regional consumption collapse and recession severity. Their cross‑region variation
(high‑leverage versus low‑leverage counties within the same monetary and ϐiscal jurisdictions) provides clean
identiϐication of the household‑debt‑to‑recession channel, far cleaner than time‑series identiϐication typically
achievable in macroeconomic research.
Where the frameworks converge: The H dimension of PLDI is essentially the Mian‑Suϐi household debt vari‑
able, with the same theoretical motivation: levered households cut consumption sharply when their balance
sheet positions deteriorate, transmitting ϐinancial stress into the real economy. The paper’s identiϐication of H
as a central PLDI dimension is a direct inheritance of the M‑S framework.
Where this paper extends: M‑S focus is on real‑economy transmission (consumption, employment) via the
household‑debt channel. PLDI generalizes to themulti‑dimensional conϐiguration of which H is one component,
allowing measurement of how H combines with concurrent ϐiscal stress (C), inϐlation/deϐlation pressure (A),
and labormarket dynamics (B) to produce or avoid synchronized crisis. The Dual Breach Principle, in particular,
is not derivable from the M‑S framework.
Where this paper differs: M‑S exploits cross‑region variation within a single country (US); PLDI is cross‑
country and uses time‑series cross‑section dynamics. The identiϐication strength is correspondingly weaker;
the geographic and institutional scope is correspondingly broader.
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Honest acknowledgment: The Mian‑Suϐi framework provides the cleanest causal evidence in the literature on
the H dimension’s importance. PLDI presupposes this evidence rather than re‑establishing it; readers skeptical
of the household‑debt channel should engage the M‑S work directly.

1.3.6.3 2.5.3 · Brunnermeier and Sannikov (2014, AER) Brunnermeier and Sannikov’s AMacroeconomic
Model with a Financial Sector presents a continuous‑time stochastic equilibrium model with ϐinancial interme‑
diaries facing balance‑sheet constraints, generating endogenous ampliϐication and phase‑transition dynamics.
Themodel exhibits three distinct regimes (normal, intermediate, crisis), with discontinuous transitions and am‑
pliϐication effects that produce non‑linear responses to apparently small shocks. Their phase‑space methodol‑
ogy and explicit treatment ofmacro‑ϐinancial phase transitions are the closest theoretical analog in the literature
to the phase‑locking metaphor employed in this paper.
Where the frameworks converge: Both contemplate the macroeconomy as a non‑linear dynamical system
capable of distinct regimes, with discontinuous transitions between them. The Talon Threshold (universal cut‑
off PLDI𝑝𝑟 = 0.80 on the pseudo‑real‑time PLDI scale; §3.2) is conceptually analogous to the threshold in the
Brunnermeier‑Sannikov phase diagram beyond which the system enters the crisis regime. Both frameworks re‑
ject the implicit assumption in much applied macroeconomics that the economy operates in a perpetual neigh‑
borhood of a unique, well‑behaved equilibrium.
Where this paper extends: Brunnermeier‑Sannikov is theoretical—the phase transitions are properties of the
model, not directly observed. PLDI provides an empirical, observable measure that approximates the phase‑
transition concept in a quantiϐiable way, and pairs it with the Dual Breach Principle, an empirical regularity
claim that the model does not predict.
Where this paper differs: Brunnermeier‑Sannikov models the intermediary balance sheet explicitly as the
source of ampliϐication. PLDI does not model intermediaries at all; rather, it captures intermediary‑adjacent
stress indirectly through household debt (H,which is on intermediary balance sheets) and federal debt (C,which
intermediaries hold). The choice not to model intermediaries directly reϐlects data limitations and the focus on
aggregate measurement, not a denial of intermediary importance.
Honest acknowledgment: Amore complete frameworkwould integrate theBrunnermeier‑Sannikov ampliϐica‑
tion mechanism with the PLDI multi‑dimensional measurement. Such integration—deriving the Talon Thresh‑
old from explicit model dynamics—is identiϐied as the most ambitious future research direction (§14.5). The
present paper proposes PLDI as a tractable empirical interpretation of phase‑transition concepts, not as a deriva‑
tion from ϐirst principles.

1.3.6.4 2.5.4 · Borio and BIS Financial Cycle Indicator (2014, 2018) Borio’s work at the Bank for Interna‑
tional Settlements, especially the BIS Financial Cycle Indicator (FCI), develops the related concept of amulti‑year
ϐinancial cycle distinct from the conventional business cycle. The BIS FCI combines credit and property price
measures over long windows (15‑20 years) and argues that macroprudential and monetary policy should re‑
spond to ϐinancial cycle position rather than business‑cycle position alone. Borio (2014) explicitly proposes
ϐinancial cycle peaks as crisis predictors, with empirical support across advanced economies.
Where the frameworks converge: Borio’s lens is macroprudential—measuring system‑wide vulnerability
rather than individual‑bank stress—which is exactly the framing of PLDI. Both papers argue that single‑variable
monitoring (interest rates, inϐlation) misses systemic risk that becomes apparent only when multiple dimen‑
sions are jointly elevated. The Talon Threshold is conceptually parallel to the “credit gap” benchmarks Borio
and colleagues identify as macroprudential intervention triggers.
Where this paper extends: Borio’s FCI is two‑dimensional (credit + property prices); PLDI is four‑dimensional
(adding inϐlation pressure A and unemployment B). The expansion is motivated by the observation that crises
differ in their stress conϐigurations: 1929‑style debt‑deϐlation requires A on the downside, 1970s‑style stagϐla‑
tion requires A on the upside, sovereign crises require C centrally, all of which the two‑dimensional FCI does not
separately capture.
Where this paper differs: Borio frames the ϐinancial cycle as a cycle—a multi‑year recurring pattern—while
PLDI frames the system state as a distance—a measure of proximity to multi‑dimensional breach. These fram‑
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ings can be reconciled: the ϐinancial cycle is approximately a rotation through different PLDI states, and a PLDI
peak is approximately a ϐinancial cycle peak. But the methodologies and emphases differ.
Honest acknowledgment: PLDI’s four‑dimensional generalization of Borio’s framework introduces estimation
cost (four normalizations and one aggregation rather than two) without yet demonstrating that the additional
dimensions provide non‑redundant predictive power. Empirical comparison of PLDI with the BIS FCI on the
same historical sample is identiϐied as priority future research; the Index Horse Race section in §14.5 explicitly
notes this as a Tier 1 robustness check.

1.3.6.5 2.5.5 · Aikman, Kiley, Lee, Palumbo & Warusawitharana (2017, Journal of Banking & Finance);
Lee, Posenau & Stebunovs (2017, Federal Reserve IFDP 1191) Within the US Federal Reserve tradition,
Aikman, Kiley, Lee, PalumboandWarusawitharana (2017) developed the closest balance‑sheet‑oriented an‑
tecedent to PLDI. Their “heat map” framework aggregates 46 indicators of ϐinancial‑system vulnerability across
three pillars — valuation pressures, nonϐinancial borrowing, and ϐinancial‑sector health — and demonstrates
predictive lead time over the credit‑to‑GDP gap of approximately one year. The 2017 Journal of Banking & Fi‑
nance publication (vol. 81, pp. 36‑64) consolidates a series of Federal Reserve FEDS Notes and working papers
initiated in 2015. Lee, Posenau and Stebunovs (2017, Federal Reserve International Finance Discussion
Papers 1191) extend the framework to a 27‑country advanced‑and‑emerging panel and map the empirical se‑
quence in which vulnerabilities materialise — pressures in asset valuations ϐirst, followed by the build‑up of
imbalances in external, ϐinancial and nonϐinancial sectors.
Where the frameworks converge: Both the Aikman‑Lee tradition and PLDI seek to summarise balance‑sheet
vulnerability accumulation acrossmultiple structural dimensions and to ϐlag systemically risky conϐigurations 1‑
3 years before crisis realisation. The Lee‑Posenau‑Stebunovs 27‑country panel andPLDI’s D3b33‑country panel
cover substantially overlapping sample spaces, and both empirically demonstrate predictive content above the
Borio‑Drehmann credit‑to‑GDP gap baseline.
Where this paper extends: PLDI differs along three axes that we believe make it a complement rather than
a substitute. First, dimensionality and derivation: PLDI is restricted to four pre‑committed axes (headline
CPI inϐlation A, unemployment B, federal net debt‑to‑GDP C, household debt‑to‑GDP H) derived from ϐirst prin‑
ciples in §3.1.2 and Appendix B, whereas the Aikman‑et‑al. heat map aggregates dozens of indicators under
data‑driven weighting without an axiomatic restriction on the dimension count. The trade‑off is explicit: PLDI
sacriϐices breadth‑of‑coverage for axiomatic interpretability and parsimony. Second, aggregation semantics:
PLDI uses a geometric mean that imposes amultiplicative penalty when distances co‑approach zero (the formal
Dual Breach Principle motivation) — a property the heat‑map’s arithmetic averaging does not produce. Third,
the Dual Breach Principle (§3.3) and the decision‑theoretic Talon Threshold (§3.2) have no analogue in the
Aikman‑Lee tradition: neither paper reports a breach‑counting empirical regularity with the conditional crisis
rate the Dual Breach Principle documents, nor a threshold derived from explicit false‑negative / false‑positive
cost asymmetry rather than Youden’s‑J or AUC‑optimal selection.
Where this paper differs: The Aikman‑Lee heat map is operational rather than axiomatic — its 46‑indicator
construction is justiϐied by empirical performance and Federal Reserve macroprudential‑monitoring practice.
PLDI is axiomatic‑ϐirst: the four‑dimensional ABCH structure is derived from three independent theoretical tra‑
ditions (§3.1.2 / Appendix B) before empirical validation. Readers who prioritise comprehensive coverage of
the ϐinancial vulnerability landscapemayprefer theAikman‑Lee approach; readerswhoprioritise parsimonious
interpretation and explicit theoretical derivation may prefer PLDI. Empirical comparison of PLDI joint multi‑
predictor performance against Aikman‑Lee‑style indicator aggregations on the same historical sample is iden‑
tiϐied as priority future research alongside the BIS FCI comparison (§14.5), and we report joint multi‑predictor
logit performance against the Borio‑Drehmann credit‑to‑GDP gap baseline in §A.4.
Honest acknowledgment: The Aikman‑Lee tradition is the empirical antecedent against which PLDI’s addi‑
tional dimensions (A inϐlation, B unemployment) need to demonstrate marginal predictive contribution; the
Lee‑Posenau‑Stebunovs 27‑country panel is the cross‑country empirical benchmark closest in spirit to PLDI’s
D3b 33‑country panel. As with the BIS FCI comparison, the marginal predictive contribution of PLDI’s parsi‑
monious four‑dimensional structure over the Aikman‑Lee 46‑indicator heat map remains an open empirical
question, identiϐied as Tier 1 robustness work in §14.5.
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1.3.7 2.6 Gap identiϐication

The literature reviewed above contains all the conceptual elements required for understanding multi‑
dimensional Australian crisis risk: theoretical foundations (Minsky, Fisher, Kuramoto, Brunnermeier‑Sannikov),
empirical patterns (Reinhart‑Rogoff, Schularick‑Taylor, Mian‑Suϐi), macroprudential frameworks (Borio, BIS
Financial Cycle), institutional knowledge (Mallick, Keen, Murray, Eslake), and political economy (Murray,
Grattan, e61). What no existing work provides is integration: a single framework that

1. quantitatively measures multi‑dimensional crisis distance at a single point in time (the PLDI integrates
dimensions in a way that single‑variable indicators and the two‑dimensional BIS FCI do not);

2. couples this measurement to an empirically‑validated principle about the dynamics of multi‑dimensional
breach (the Dual Breach Principle is novel to this paper);

3. provides a tool for evaluating individual policies’ marginal contribution to or mitigation of synchronized
risk (the PPLE framework, with its Fuse/Defuser typology, has no direct precedent in the literature).

This paper attempts that integration. The framework does not displace the precedents reviewed above—
Schularick‑Taylor remains the canonical reference for credit‑cycle empirics; Mian‑Suϐi remains the canonical
reference for the household‑debt channel; Brunnermeier‑Sannikov remains the canonical reference for the‑
oretical phase‑transition macro‑ϐinance; Borio remains the canonical reference for macroprudential cycle
analysis—but rather extends them by providing the integration none of them individually offers.

1.4 3. Theoretical Framework
1.4.1 3.1 The ABCH coupling system: formal deϐinition

We deϐine the macroeconomic state at time t as a four‑dimensional vector:
X(t) = (A(t), B(t), C(t), H(t))

where: ‑ A(t) = headline CPI inϐlation, year‑over‑year percent change ‑ B(t) = unemployment rate, seasonally
adjusted percent ‑ C(t) = federal net debt as percent of GDP ‑ H(t) = household debt as percent of GDP
The choice of these four dimensions reϐlects three considerations. First, each dimension captures a distinct
macroeconomic stress channel: Ameasures real purchasing power, Bmeasures labourmarket slack, Cmeasures
sovereign ϐiscal capacity, H measures private sector ϐinancial fragility. Second, the four dimensions span both
nominal (A) and real (B), and both public (C) and private (H), domains—providing comprehensive coverage of
themacroeconomywithout redundancy. Third, all four dimensions are publiclymeasured at quarterly or higher
frequency by ofϐicial statistical agencies (ABS, RBA, Treasury, BIS), enabling real‑time monitoring.
For each dimension i � {B, C, H} we specify a single crisis threshold τᵢ and a normalization volatility σᵢ. For
dimension A (inϐlation), we specify a two‑sided structure capturing both high‑inϐlation and deϐlation crisis risk:
an upper threshold τ_A_upperwith sigmaσ_A_upper, and a lower threshold τ_A_lowerwith sigmaσ_A_lower. The
rationale for treating A as two‑sided while B, C, and H are one‑sided is given in §3.1.1.

Dimension Threshold(s) Sigma(s) Justiϐication
A (high) τ_A_upper = 6.0% σ_A_upper = 2.0 Twice the upper bound

of RBA target band (3%);
historical P95 of
post‑1990 CPI

A (low) τ_A_lower = 0.0% σ_A_lower = 1.5 CPI ≤ 0% triggers Fisher
(1933) debt‑deϐlation
channel; central bank
effective lower bound
concerns; historical low
for advanced economies
excluding crisis episodes
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Dimension Threshold(s) Sigma(s) Justiϐication
B 7.0% 1.5 50% above RBA’s revised

NAIRU estimate (4.5%);
approximate Australian
unemployment level
during 1991 recession

C 60% 15 OECD warning threshold
for advanced economies;
below the IMF’s 80%
concern level for
advanced economies

H 130% 20 Approximately
Australian P95 of
household debt to GDP,
1990‑2025; below
Switzerland’s level

Section 4 provides detailed discussion of threshold and sigma calibration choices, including alternatives.
For dimensions i � {B, C, H}, we deϐine the distance to threshold:
dᵢ(t) = max(0.01, (τᵢ − Xᵢ(t)) / σᵢ)

For dimension A (inϐlation), we deϐine two distances and aggregate by minimum:
d_A_high(t) = max(0.01, (τ_A_upper − A(t)) / σ_A_upper) d_A_low(t) = max(0.01, (A(t) − τ_A_lower) /
σ_A_lower) d_A(t) = min(d_A_high(t), d_A_low(t))

This formulation has the following properties: 1. WhenXᵢ(t) is below threshold (in the safe direction, for B/C/H),
dᵢ(t) is positive, increasing as Xᵢ(t)moves further from threshold 2. For A, d_A ismaximizedwhen A is in the opti‑
mal range near 2‑3% (RBA target band), and decreases as A approaches either 6% (high inϐlation breach) or 0%
(deϐlation breach) 3. Themin aggregation for A produces a single‑peak piecewise linear (tent‑shape, ∧) function
rather than a smooth U‑shape: A breach can occur from either direction, and the binding constraint is whichever
side is closer. The peak at A* (the intersection of d_A_high and d_A_low) is non‑differentiable, reϐlecting the dis‑
crete nature of crossing distinct crisis thresholds. While a smooth quadratic alternative is mathematically pos‑
sible, we adopt the piecewise linear form for three reasons: (i) the threshold endpoints (τ_A_upper, τ_A_lower)
directly correspond to the breach boundary at d_A = ε, requiring no additional calibration; (ii) the asymmet‑
ric slopes (σ_A_upper ≠ σ_A_lower) capture the fact that high‑inϐlation and deϐlation distributions have empiri‑
cally different volatilities; (iii) piecewise linear formulations are common in macroeconomic threshold models
(Hansen 1996, Hamilton regime‑switching, kink‑utility speciϐications) 4. When any Xᵢ(t) crosses its threshold
(in the breach direction), the ϐloor of 0.01 prevents the geometric mean aggregation from collapsing to zero,
while still signaling severe stress 5. The normalization by σᵢ makes distances comparable across dimensions
with different units and historical volatilities

1.4.2 3.1.1 Why A is two‑sided while B, C, H are one‑sided

This asymmetric treatment requires explicit justiϐication.
A (inϐlation) is intrinsically two‑sided. The central bank consensus across all advanced economies (Fed, RBA,
ECB, BoE, BoJ) is that the optimal inϐlation rate is positive but moderate—typically a 2% target. Both too high
and too low inϐlation generate distinct crisis transmission channels:

• High inϔlation channel: erodes real purchasing power, triggers monetary tightening, raises debt service
costs (→ pressures C), depresses real wages (→ pressures B), and is associated with the 1970s stagϐlation,
GIIPS 2010‑12, and emerging‑market crises (Argentina 2018, Turkey 2021).
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• Deϔlation channel: triggers Fisher (1933) debt‑deϐlation dynamics (real debt rises → pressures H), de‑
presses consumption via deferred spending (→pressures B), invalidatesmonetary policy at the zero lower
bound (→ pressures C indirectly via output collapse), and is associated with US 1929‑32, Japan 1990s‑
2010s, Ireland 2009‑10, Spain 2009, and Greece 2013.

Both channels are documented in this paper’s empirical sample (Appendix D). Treating A as one‑sided would
mathematically classify the deϐlation cases as “safe” on dimension A, contradicting the framework’s own histor‑
ical record.
B, C, H are one‑sided in the directions relevant to crisis:

• B (unemployment): Very low unemployment (e.g., 1.5%) may indicate labor market overheating but does
not directly produce crisis. Crisis‑level B stress is exclusively elevated unemployment. (Some literature
treats sub‑NAIRU unemployment as a stability concern, but its direct crisis transmission is via A, which is
captured.)

• C (federal net debt %GDP): Very low public debt is not a crisis source. Crisis‑level C stress is exclusively
elevated debt.

• H (household debt%GDP): Very lowhousehold debt is not a crisis source. Crisis‑level H stress is exclusively
elevated debt.

Hence the asymmetric treatment is not arbitrary but reϐlects the underlying economic theory: among the four
dimensions, only A has two distinct crisis channels operating through opposite directions of the variable. This
asymmetry is consistent withmonetary economics consensus and does not weaken the framework’s parsimony.

Figure 1: Figure 2 · d_A piecewise linear (single‑peak / tent) function under the corrected two‑sided formula.
Solid line: corrected formula min(d_A_high, d_A_low). Dashed gray: legacy single‑sided formula (treated deϐla‑
tion as “safe” — the corrected bug). Optimal point A* ≈ 2.57% lies within the RBA target band (2‑3%). Red dots
mark historical reference cases. Australia 2026‑Q1 (A=4.6%) currently sits on the high‑inϐlation side, with d_A
= 0.70 at the warning zone.
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1.4.3 3.1.2 First‑principle derivation: why 4‑dim ABCH is the minimum sufϐicient dimensionality

A natural reviewer question is why the framework speciϐies four dimensions ABCH rather than a different num‑
ber (e.g., 5‑dim including corporate non‑ϐinancial debt; 6‑dim including currency crash and domestic default;
or 2‑dim per Brunnermeier‑Sannikov asset‑price‑leverage formulation). The §3.1 empirical‑pragmatic justiϐi‑
cation (stress‑channel coverage, nominal‑real and public‑private spans, ofϐicial‑statistics measurability) is sufϐi‑
cient for operational deployment but does not address the theoretical‑foundationquestionof dimensional neces‑
sity. We therefore derive 4‑dim ABCH as theoretically necessary from three independent theoretical traditions,
converging on the same dimensional choice. The full derivation chain is presented in Appendix B (Theoretical
derivation of 4-dim ABCH); this sub‑section reports the condensed summary.
Three independent derivations of ABCH 4‑dim necessity:

1. Brunnermeier‑Sannikov 2014 macro‑ϐinance extension (Appendix B §1): the canonical 2‑dim cou‑
pling (asset price × leverage) of Brunnermeier and Sannikov (2014, AER 104(2): 379‑421) extends to
4‑dim ABCH under (i) leverage decomposition: the macro‑ϐinancial leverage state η decomposes natu‑
rally into household leverage H and sovereign leverage C, both of which carry independent ϐirst‑order
information about crisis vulnerability; (ii) asset price as derivative: the BS asset price q is a derivative
of household‑balance‑sheet wealth (H) and sovereign‑ϐiscal‑capacity (C), not an independent dimension;
(iii) coupled macro‑state: BS 2014’s stable‑macro‑and‑ϐixed‑labor simpliϐication is a tractability assump‑
tion, not a substantive uncoupling claim — Brunnermeier‑Eisenbach‑Sannikov (2013) NBER WP 18102
§2.3 + §5.4 explicitly endorse coupling extensions to A (macroeconomic) and B (labor) state variables.

2. Reinhart‑Rogoff 2009 6‑type taxonomy collapse (Appendix B §2): the 6 crisis types catalogued in Rein‑
hart and Rogoff (2009, This Time is Different ch. 1) — banking / inϐlation / currency / external sovereign
default / domestic sovereign default / asset bubble— collapse to the 4‑dimABCHmapping under (i) bank‑
ing →H primary + C secondary (Reinhart‑Rogoff 2008 AER “Aftermath of Financial Crises” documents the
ϐiscal‑burden cascade); (ii) inϐlation→Adirectly; (iii) currency→Cderivative (sovereign external solvency
manifesting in exchange rate, not independent dimension for advanced economies); (iv) external default
→ C primary; (v) domestic default → joint (C + H) outcome state, not independent dimension; (vi) asset
bubble → joint (H + C) leverage spanning, not independent dimension.

3. Schularick‑Taylor 2012 + Reinhart‑Reinhart‑Rogoff empirical necessity (Appendix B §3): Schularick
and Taylor (2012, AER 102(2): 1029‑1061) establish that credit‑aggregate growth is the dominant pre‑
dictor of subsequent banking crisis across the 14‑country / 140‑year JST sample— “lagged credit growth
turns out to be highly signiϐicant as a predictor of ϐinancial crises, but the addition of other variables adds
very little explanatory power” (ST 2012NBERWP15512 p. 3). Their credit aggregatemaps toH,with C ne‑
cessity established by Reinhart‑Reinhart‑Rogoff (2012) public debt overhang evidence. A and B necessity
is independently corroborated by §11 case base evidence: §11.4 Volcker 1979‑82 + §11.5 Keating 1988‑91
+ §11.11 Erdogan 2021‑24 + §11.13a BoC 2022‑23 establish A as primary crisis‑binding stress; §11.5 Keat‑
ing + §11.6 Rudd 2009 + §11.7 Greek austerity 2010‑12 + §11.13a‑e Canada establish B as bidirectionally
policy‑sensitive (preserved by countercyclical ϐiscal, sacriϐiced by tightening or austerity).

Convergence: the three derivations independently converge on the same 4‑dim ABCH choice through differ‑
ent theoretical entry points (macro‑ϐinance coupling theory + crisis‑type taxonomy + long‑run credit empirics).
This convergence is the ϐirst‑principle theoretical foundation for the 4‑dim choice, complementary to the §3.1
empirical‑pragmatic justiϐication.
Counter‑argument response (condensed; full treatment in Appendix B §4): ‑ “Why not 5‑dim including
corporate non‑ϔinancial debt?” — Corporate non‑ϐinancial debt is a derivative of joint (H + C) exposure: house‑
holds own corporate equity (capturing exposure in H), sovereigns implicitly or explicitly guarantee corporate‑
debt backstops (capturing exposure in C). ST 2012 empirically establishes that corporate‑credit addition to the
household‑credit predictor “adds very little explanatory power” (NBER WP p. 3). A 5‑dim corporate‑debt vari‑
ant would double‑count this exposure. The Japan‑1990 and Asia‑1997 corporate‑leverage‑heavy episodes are
honest‑acknowledgment exceptions (Appendix B §4.1) where the 4‑dim H+C framework provides less granular
signal than a 5‑dim variant would; these are acknowledged as future‑extension territory for country‑period‑
speciϐic applications outside the present paper’s advanced‑economy scope. ‑ “Why not 6‑dim including currency
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crash and domestic default?” — Currency crash is a C‑channel derivative for advanced economies (sovereign
external solvency manifesting in exchange rate). Domestic default is a joint (C + H) outcome state, not an inde‑
pendent dimension. The 6‑dim variant would conceptually correlate these dimensions, reducing identiϐication
rather than enhancing it. Emerging‑market application requires conditional 5‑dim extension to include inde‑
pendent currency dynamics (per §5.1 Appendix B); this is out of present paper’s advanced‑economy scope and
identiϐied as future‑research extension axis. ‑ “Is B (unemployment) aPhillips‑Curve derivative of A (inϔlation)?” —
No. §11.7 Greek austerity 2010‑12 exhibits simultaneous A‑falling (deϐlation) + B‑rising (unemployment surge),
violating Phillips Curve trade‑off. §11.11 Erdogan 2021‑24 exhibits A‑exploding (hyperinϐlation) + B‑stable (un‑
employment~9‑12% throughout), inconsistentwith accelerationist Phillips. §11.6Rudd2009preservesBwith‑
out Phillips trade‑off (B held at 5.8% while A moderated). Modern Phillips Curve ϐlattening literature (Mallick
2024; Bishop and Greenland 2021) corroborates the empirical decoupling.
4‑dim as minimum, not ϐixed: The 4‑dim ABCH choice is the minimum sufϐicient dimensionality for the pa‑
per’s advanced‑economy macro‑ϐinancial stability monitoring scope per §1.2. Conditional extensions to 5‑dim
(emerging‑market currency dimension E) or other dimensions are additive and do not invalidate the 4‑dim core;
the PLDI geometric mean aggregation (§3.2 below) is dimension‑extensible: PLDI = (𝑑1 ⋅ 𝑑2⋯𝑑𝑛)1/𝑛 for any
𝑛 ≥ 2. Future EM‑speciϐic PLDI variants are identiϐied in §14.5 as scope‑conditional extension axes, out of
present paper scope.
The full derivation chain with direct source quotations from Brunnermeier‑Sannikov 2014, Brunnermeier‑
Eisenbach‑Sannikov 2013, Reinhart‑Rogoff 2009 ch. 1, and Schularick‑Taylor 2012 is provided in Appendix
B.

1.4.4 3.2 The Phase Locking Distance Index

The Phase Locking Distance Index (PLDI) at time t is deϐined as the geometric mean of the four dimensional
distances:
PLDI(t) = (d_A(t) · d_B(t) · d_C(t) · d_H(t))^(1/4)

The geometric mean has three desirable properties for our purposes.
First, it is sensitive to the minimum: a single small distance signiϐicantly reduces the overall index, capturing
the intuition that a near‑breach in any single dimension is a meaningful stress signal.
Second, it rewards dispersion: holding the arithmetic mean constant, the geometric mean is higher when dis‑
tances are more equal. This captures the Dual Breach intuition that synchronized approach to thresholds is
more concerning than a single dimension being close while others are far.
Third, it is dimensionless and invariant to multiplicative rescaling of any dimension’s sigma, making cross‑
country and cross‑period comparisons more meaningful.
We deϐine the Talon Threshold as the universal cutoff PLDI𝑝𝑟 = 0.80 applied on the pseudo‑real‑time PLDI
scale (the deployment‑quality variant speciϐied in §5.3, with country‑speciϐic σ‑normalisation against each coun‑
try’s prior‑data window). Because the pseudo‑real‑time normalisation absorbs cross‑country baseline hetero‑
geneity into the country‑speciϐic σ, a single universal cutoff on this normalised scale is functionally country‑
speciϐic in deployment: each country’s own historical volatility‑adjusted distance‑to‑threshold determines
when that country’s PLDI𝑝𝑟 crosses the Talon Threshold. The threshold value 0.80 is empirically validated be‑
low (§A.4: 21.35× crisis lift; single‑predictor logit AUC = 0.6407 on the 31‑country D3b pseudo‑real‑time panel
of 3,120 country‑quarters with 107 forward‑24‑month banking‑crisis events).
For the Australian narrative scale (full‑sample PLDI in level units, §8.1), the same threshold value 0.80 also ob‑
tains as a special case of the country‑baseline‑relative formula 𝑇𝑐 = 𝜌 ⋅PLDI∗𝑐 (§5.3a; 𝜌 ≈ 0.83, PLDI∗AUS = 1.066,
𝑇AUS = 0.885, 95% CI [0.549, 1.042] covers 0.80). However, the level‑scale country‑speciϐic 𝑇𝑐 formulation
is not the deployment instrument: empirical validation on the D3b panel shows that level‑scale country‑
speciϐic cutoffs 𝑇𝑐 produce a 0.80× crisis lift (anti‑predictive, AUC 0.4437) because the PLDI∗𝑐 stable baseline for
structurally‑stressed countries (e.g., Spain, Italy, Japan, Greece) is calibrated too low and misses crisis episodes
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that occur above the country baseline. The level‑scale 𝑇𝑐 formula is retained in §5.3a as a narrative tool for de‑
scribing cross‑country PLDI baseline heterogeneity, not as a recommended deployment threshold (§A.4 reports
the head‑to‑head validation).
We use the following qualitative classiϐication on the deployment‑quality PLDI𝑝𝑟 scale (with the Australian level‑
scale narrative interpretation in parentheses for §8 readers):

PLDI𝑝𝑟 range Status Color
> 1.50 Safe zone �
0.80 ‑ 1.50 Warning zone �
< 0.80 Crisis zone (Talon Threshold breached) �

Note on terminology: “Crisis zone” refers to a PLDI𝑝𝑟 conϐiguration below the Talon Threshold (a measure of
multi‑dimensional macro stress proximity on the normalised deployment scale), distinct from the “banking
crisis” or “systemic crisis” designations used in the Laeven‑Valencia (2018, 2020) and Reinhart‑Rogoff (2009,
2014) databases. A PLDI Crisis‑zone reading is necessary but not sufϐicient evidence of a Laeven‑Valencia‑
classiϐied systemic crisis. Throughout the Australian narrative in §8–§10, references to “PLDI = 0.80” and “Talon
Threshold = 0.80” should be read as the universal deployment cutoff applied to Australia’s own PLDI𝑝𝑟 time
series; the level‑scale interpretation 𝑇AUS ≈ 0.885 (rounded 0.80) coincides numerically and serves the §8.1
narrative without altering the deployment semantics.
A terminological disambiguation. The label “Phase Locking” in PLDI is metaphorical, evoking the cross‑
sectional regularity that the four ABCH distances simultaneously approach zero rather than a literal coupled‑
oscillator dynamics. PLDI is not a Kuramoto‑style dynamical‑systems model: there are no oscillator phases, no
endogenous coupling equation, and no order parameter computed from instantaneous phase coherence. The
contemporaneous Kuramoto application to ϐinance by Kathiravelu (2026), engaged in §2.2, is mathematically
distinct and operates on entirely different objects (microstructural liquidity elasticities and population order
parameters) at entirely different frequencies (daily / minute on individual securities). The terminological bor‑
rowing here follows Strogatz (2000)’s canonical‑Kuramoto sense in which the order‑parameter bifurcation cap‑
tures the macroeconomic analogue of population‑coherence approach‑to‑criticality across coupled dimensions
(§2.2 + §A.7); the underlying mathematics are entirely distinct from the Kuramoto oscillator‑population model.
A separate disambiguation is warranted because of an unfortunate abbreviation collision: the phase‑locking
value (PLV) of signal‑processing and neuroscience (Lachaux, Rodriguez, Martinerie, and Varela 1999, Human
Brain Mapping 8: 194‑208) quantiϐies the consistency of instantaneous phase differences between two oscil‑
lating time series across trials and is the canonical inter‑channel phase‑coherence statistic in cognitive neuro‑
science EEG /MEG analysis. PLDI is not a PLV: it contains no Hilbert‑transform phase extraction, no across‑trial
averaging, and no two‑signal phase comparison. The convergence of the abbreviations (PLDI vs PLV) is coinci‑
dental; the underlying constructions are entirely orthogonal in both methodology and application domain.

1.4.5 3.3 The Dual Breach Principle

Beyond the static measurement provided by the PLDI, this paper proposes a dynamic empirical regularity. De‑
ϐine a breach at time t in dimension i as occurring when dᵢ(t) ≤ 0.01. For dimensions B, C, H, this is equivalent
to Xᵢ(t) > τᵢ. For dimension A, breach occurs when either A(t) > τ_A_upper (high‑inϐlation breach) or A(t) <
τ_A_lower (deϐlation breach). Deϐine a dual breach at time t as the simultaneous breach of any two dimensions,
where dimension A may breach in either direction.
The Dual Breach Principle states:

Following a dual breach at time t in an episode that subsequently escalates to a systemic banking
crisis, the remaining two dimensions converge to their crisis thresholds (warning zone, dⱼ < 1.0)
within 6‑24 months in over 90% of such historical cases (n=30 across 20+ countries, 1929‑2024;
observed support 28/30 = 93.3%; 95% Clopper‑Pearson CI [78.0%, 99.2%]; sample drawn from
Laeven‑Valencia and Reinhart‑Rogoff crisis databases).
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The italicised conditioning clause (“in an episode that subsequently escalates to a systemic banking crisis”)
makes explicit the sample‑selection mechanism of the 30‑case evidence base: the sample is restricted to histor‑
ical episodes already classiϐied as systemic banking crises by Laeven‑Valencia (2018, 2020) or Reinhart‑Rogoff
(2009, 2014) databases. The unconditional rate of 4‑dimensional warning‑zone convergence among all dual
breach episodes (whether or not followed by crisis) is materially lower; on the D3b pseudo‑real‑time quar‑
terly panel (33 countries, 1980‑2025), the unconditional rate is 21.4% (95% CP CI [10.3%, 36.8%]; see §13.3
b for the panel audit). The principle is therefore most precisely understood as a characteristic feature of dual
breach episodes that escalate to crisis, rather than as a universal regularity of dual breach occurrence. The crisis‑
conditional and unconditional rates differ by roughly 3‑4×, with the gap quantifying the selection‑on‑dependent‑
variable premium of the 30‑case evidence.
The principle is empirical rather than derived from ϐirst principles, but several theoretical mechanisms support
its plausibility.
Mechanism 1: Fiscal endogeneity. A breach in B (unemployment) triggers automatic stabilizers (transfer
payments rise, tax receipts fall), pushing C (ϐiscal) toward breach. A breach in A (inϐlation) typically triggers
monetary tightening, raising debt service costs and pushing C toward breach. Either or both contribute to dual
breach in (B,C) or (A,C) conϐigurations.
Mechanism 2: Monetary endogeneity. A breach in A typically triggers central bank tightening, which pres‑
sures H (households via mortgage costs) and B (employment via reduced demand). A breach in H may trigger
central bank loosening, but this loosening is constrained if A is already elevated.
Mechanism 3: Conϐidence endogeneity. A breach in C (ϐiscal) tends to trigger credit rating concerns and risk
premium increases, which propagate to H (household borrowing costs), B (investment‑driven employment),
and potentially A (currency depreciation and import inϐlation).
Mechanism 4: Asset price endogeneity. A breach in H (household debt servicing) typically involves house
price decline, which through wealth effects depresses consumption and B, and through bank balance sheet ef‑
fects pressures C (via potential ϐinancial sector support requirements).
These mechanisms imply pairwise coupling of all four dimensions. The Dual Breach Principle asserts the em‑
pirical claim that this coupling is sufϐicient to drive convergence within 6‑24 months once two dimensions have
breached. Section 5 provides the methodology for testing this claim, and Section 8 reports the empirical re‑
sults. A numerical bifurcation analysis of a 4‑dimensional linearised ODE model with coupling matrix speciϐied
(not estimated) from the four mechanisms above is provided in §A.7 as illustrative conceptual exposition;
the analysis identiϐies a transcritical (saddle‑node) bifurcation at a critical coupling intensity κ_c under one cal‑
ibration consistent with §3.3 magnitudes. Because the parameters in §A.7 are not econometrically estimated
and the noise amplitude is selected to match the post‑1990 Australian empirical PLDI moment, §A.7 is best
read as conceptual demonstration of the bifurcation structure rather than as structural identiϐication of the
Talon Threshold; the empirical case for the 0.80 calibration rests on the panel evidence in §A.4 (joint OOS AUC
0.84–0.85, single‑predictor lift 21.35×), the panel‑wide converse test in §13.3 (b) (breach_count dose‑response
0%/2.9%/6.8%/9.4%/23.5%), and the §6.5a 17‑country panel local‑projections analysis, not on §A.7.
Note on the “Phase Locking” terminology: The framework’s name derivesmetaphorically from the Kuramoto
(1975, 1984) synchronization literature in physics and complex systems (§2.2). The metaphor is analogical
rather than literal — the four‑dimensional ABCH state vector does not have intrinsic oscillator phases in the
dynamical‑systems sense, and the §A.7 numerical bifurcation analysis conϐirms that the realised dynamical
structure under the §3.3‑derived coupling matrix is a transcritical (saddle‑node) bifurcation rather than a Hopf
bifurcation of oscillator phases. This is consistent with Kuramoto’s own original mean‑ϐield synchronization bi‑
furcation, which is also transcritical in the order parameter (Strogatz 2000 review). Readers seeking dynamical‑
systems literal interpretation should treat “Phase Locking” as the metaphorical naming convention adopted at
framework design time; the substantive content of the framework is captured by the PLDI distance index (§3.2),
the Dual Breach Principle (§3.3), the PPLE policy elasticity (§3.5), and the bifurcation structure (§A.7).
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1.4.6 3.4 Policy‑Induced Phase Locking

The Dual Breach Principle has direct implications for policy design. Consider a policymaker observing pressure
on dimension A. Conventional analysis suggests the appropriate response is to intervene in A: monetary tighten‑
ing to reduce inϐlation, or ϐiscal expansion to subsidize inϐlation‑affected households (e.g., energy rebates, fuel
excise relief).
The PLDI framework reveals a complication. Fiscal subsidies that suppress A simultaneously increase pressure
on C: the government balance sheet absorbs what would otherwise have been household pain. The marginal
effect on the PLDI depends on whether the reduction in A‑stress more than offsets the increase in C‑stress. In
the geometric mean framework, the answer depends on which dimension was more stressed before the inter‑
vention.
Policy‑Induced Phase Locking describes the systematic tendency of policy interventions of this type—using a
less‑stressed dimension’s buffer to absorb pressure on a more‑stressed dimension—to reduce the PLDI rather
than increase it. Mathematically, when starting froman asymmetric distribution of distances, transferring stress
froma small distance to a large distance reduces the geometricmean (because the geometricmean ismaximized
for equal distances).
The implication is profound. Cross‑subsidy policies that appear to address single‑dimension pressures actively
raise synchronized crisis risk by accelerating dual breach. The C buffer that policy is consuming was the single
most important defense against the dual breach scenarios documented in Section 5. Each dollar of ϐiscal cross‑
subsidy is a dollar removed from this defense.
This paper’s identiϐication of Policy‑Induced Phase Locking is the central political‑economy contribution. It
is not that policymakers are ignorant of the costs of ϐiscal expansion—they are well‑informed about budget
impacts. It is that they lack a framework for evaluating ϐiscal expansion’s contribution to synchronization risk,
as distinct from ϐiscal sustainability concerns considered in isolation.

1.4.7 3.5 Policy Phase Locking Elasticity

To make Policy‑Induced Phase Locking operationally measurable, we deϐine the Policy Phase Locking Elastic‑
ity (PPLE) of a policy p:
PPLE_p = (PLDI_with_p − PLDI_baseline) / cost_p

where: ‑ PLDI_with_p is the projected PLDI assuming policy p is implemented ‑ PLDI_baseline is the projected
PLDI assuming policy p is not implemented ‑ cost_p is the policy’s expected cost as a percentage of GDP
PPLE is a measure of marginal effectiveness in PLDI units per unit of ϐiscal cost. The sign indicates direction:

• PPLE > 0: Policy raises PLDI → de‑synchronizing → Defuser �
• PPLE < 0: Policy lowers PLDI → synchronizing → Fuse �

For policies whose precise PPLE is difϐicult to estimate, we propose a ϐive‑tier qualitative classiϐication:

Tier Label Symbol Approximate quantitative range
Strongly de‑synchronizing Defuser+ �� PPLE > +0.25
Weakly de‑synchronizing Defuser � +0.05 < PPLE ≤ +0.25
Neutral — � −0.05 ≤ PPLE ≤ +0.05
Weakly synchronizing Fuse � −0.25 ≤ PPLE < −0.05
Strongly synchronizing Fuse+ �� PPLE < −0.25

For policies with non‑linear effects (notably monetary ϐinancing, where short‑term de‑synchronization can give
way to medium‑term synchronization), we recommend evaluation by Tail‑PPLE: the PPLE in the worst‑case
25% of outcome distributions, rather than expected PPLE.
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The PPLE framework is offered as a complement to existing policy evaluation tools (cost‑beneϐit analysis, ϐiscal
impact statements, equity analysis), not a replacement. Each existing tool addresses a distinct policy concern;
the PPLE addresses systemic risk impact speciϐically.

1.5 4. Methodology: PLDI Construction
1.5.1 4.1 Variable selection rationale

The choice of A, B, C, H as the four PLDI dimensions reϐlects three criteria: (1) coverage of distinct macroeco‑
nomic stress channels, (2) data availability at appropriate frequency, (3) policy actionability.
A (inϐlation) captures the nominal anchor of the macroeconomy. We use headline CPI year‑over‑year change
rather than core or trimmed‑mean measures because headline inϐlation is the variable to which household ex‑
pectations and political pressure respond, and because the empirical literature (e.g., Mallick 2024) suggests
headline measures contain information about wage‑price dynamics not captured by core measures alone. Ro‑
bustness checks using trimmed mean inϐlation are provided in Section 13.
B(unemployment) captures real‑economy labourmarket slack. Weuse the seasonally adjustedunemployment
rate from the ABS Monthly Labour Force Survey rather than broader underutilization measures, because the
unemployment rate is the headline variable affecting household behavior and political response. Robustness
using the underutilization rate is provided in Section 13.
C (federal ϐiscal) captures sovereign ϐiscal capacity. Weuse general government net debt as a percentage of GDP
rather than gross debt, because net debt better reϐlects the actual claim against future taxpayers (gross debt
overstates the burden by ignoring offsetting assets). We focus on federal rather than combined federal‑state
debt because the federal level holds primary monetary‑coordination capacity. Robustness using gross debt and
combined federal‑state measures is provided in Section 13.
H (household debt) captures private sector ϐinancial fragility. We use total household debt to GDP from the BIS
Total Credit Statistics database, which provides internationally comparable measures. Alternative measures
(household debt to disposable income, debt service ratio) are discussed in Section 13 as robustness.
We considered and rejected several alternative dimensions for inclusion:

• External position (current account, net foreign liabilities): omitted because Australian debt is over‑
whelmingly AUD‑denominated and the ϐloating exchange rate provides automatic adjustment

• Asset prices (equity, real estate): omitted because asset prices are partially captured indirectly through
H (mortgage debt mirrors house prices) and inclusion would create double‑counting risk

• Businessdebt: omittedbecauseAustralianbusiness debt is below international norms and thehousehold
sector is the dominant Australian credit‑cycle driver

• State government debt: omitted because monetary‑coordination capacity sits at the federal level; state
debt is captured indirectly through C

1.5.2 4.2 Threshold calibration

Each dimension’s threshold τᵢ embeds judgment. We propose three calibration approaches and report results
for each:
CalibrationA: Theoretical thresholds (baseline approach) ‑ A_upper: 6.0% (twice the RBAupper target band)
‑ A_lower: 0.0% (CPI ≤ 0% triggers Fisher debt‑deϐlation; central bank effective lower bound concern) ‑ B: 7.0%
(50% above current RBA NAIRU estimate) ‑ C: 60% (OECD warning threshold for advanced economies) ‑ H:
130% (slightly below Switzerland’s current level; well above Australia’s historical peak of 124%)
Calibration B: Historical P95/P5 thresholds (data‑driven) ‑ A_upper: 6.5% (P95 of Australian quarterly CPI
YoY, 1948‑2025) ‑ A_lower: −0.5% (approximate P5 of Australian quarterly CPI YoY, 1948‑2025; rare but ob‑
served during 1962, 1997, 2020) ‑ B: 9.0% (P95 of Australian quarterly unemployment, 1978‑2025) ‑ C: 35%
(P95 of Australian net debt%GDP, 1980‑2025) ‑ H: 122% (P95 of Australian household debt%GDP, 1990‑2025)
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Calibration C: International crisis thresholds (comparative) ‑ A_upper: 8.0% (median CPI at GIIPS crisis on‑
set) ‑ A_lower: −1.0% (median CPI at deϐlation crisis episodes: Ireland 2010, Spain 2009, Greece 2013, Japan
recurring) ‑ B: 12% (median unemployment at GIIPS crisis peak) ‑ C: 80% (median net debt at GIIPS crisis onset)
‑ H: 100% (median household debt at GIIPS crisis onset)
The baseline analysis uses Calibration A, which is intermediate between the more conservative B (Australian‑
speciϐic historical experience) and the more lenient C (international crisis experience). Section 13 reports ro‑
bustness across all three. The choice of τ_A_lower deserves particular attention: 0.0% is a conservative descrip‑
tive threshold (any negative CPI reading triggers Fisher dynamics), while −1.0% allows a buffer for transitory
mild disinϐlation. The qualitative ϐinding that Australia 2026‑Q1 PLDI is in the warning zone is robust across all
three τ_A_lower choices.

1.5.3 4.3 Sigma normalization

The normalization volatility σᵢ converts each dimension to comparable units. We use the standard deviation of
the dimension over its full available historical sample, rounded to a stable value:

• σ_A_upper = 2.0 (high‑inϐlation side; corresponds to historical CPI volatility of ~2.1%)
• σ_A_lower = 1.5 (deϐlation side; smaller than σ_A_upper because the negative‑CPI distribution is empiri‑

cally narrower in advanced economies—negative readings are bounded by the Fisher dynamic ϐloor and
rarely fall below −10% outside Great Depression conditions)

• σ_B = 1.5 (corresponds to historical unemployment volatility of ~1.5%)
• σ_C = 15 (corresponds to historical net debt volatility, accounting for trend growth)
• σ_H = 20 (corresponds to historical household debt volatility, accounting for trend)

These sigmas determine how rapidly the distances fall as values approach thresholds. For dimension A, the two‑
sided structure means d_A is maximized in the optimal range. With σ_A_upper = 2.0 and τ_A_upper = 6.0%: A =
4.0% gives d_A_high = 1.0. With σ_A_lower = 1.5 and τ_A_lower = 0.0%: A = 1.5% gives d_A_low = 1.0. The min‑
imum aggregation d_A = min(d_A_high, d_A_low) means whichever side is closer to its threshold is the binding
constraint. The asymmetry (σ_A_upper > σ_A_lower) implies that for equal numerical proximity to threshold,
the deϐlation side produces a smaller (more concerning) d_A— reϐlecting that deϐlation in advanced economies
is typically more persistent and harder to reverse than high‑inϐlation episodes.

1.5.4 4.3a Reality check on alternative aggregation and normalization choices

A quantitative reality‑check series (scripts 70–75 in d3b_data/scripts/) systematically tested four alternative
aggregation or normalization choices on the 33‑country D3b panel. The series conϐirmed that the calibration A
speciϐication abovewith geometric‑mean aggregation (§4.4) is empirically the strongest variant availablewithin
the four‑dimensional ABCH framework. We summarise ϐindings for transparency and to disclose recognised
residual weaknesses that future research may address.
Empirical inspection of normalized‑distance scale balance. On the 33‑country D3b panel, the calibration A
speciϐication yields cross‑dimensionmean normalized distances of (d_A, d_B, d_C, d_H) ≈ (0.84, 0.84, 1.79, 3.76).
The d_H mean is approximately 5 × the d_A mean, indicating that the geometric‑mean PLDI is less sensitive to
H‑dimension stress than to A‑dimension stress in marginal terms (∂PLDI/∂d_i ∝ 1/d_i). The imbalance reϐlects
the underlying measurement convention — A and B are ϐlow‑rate variables (typically 0–10% range), while C
and H are stock‑ratio variables (typically 20–130% range) — and is preserved despite the σ_i normalization
above. This is a recognised feature of the framework rather than a defect, as the empirical tests below conϐirm
that alternative scale‑balancing approaches do not yield predictive or empirical improvement.
(a) Covariance correction (Mahalanobisdistance). Replacing the geometricmeanwithMahalanobis distance
from the safe corner produced AUC = 0.39 on the forward‑24‑month banking crisis prediction task (33‑country
panel, n = 4,183, 228 crisis events), versus 0.73 for the geometric‑mean PLDI on the same sample. The four
normalized distances exhibit only modest pairwise correlation (maximum |r| = 0.27; ϐirst principal component
explains 38.6% of variance, second 24.7%, with the remaining variance distributed across the third and fourth
components). Mian‑Suϐi‑style “double‑counting” or dimensional redundancy concerns are not empirically sup‑
ported. Covariance correction is therefore degradation, not improvement (script 70 Diagnostic 2).
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(b) Sigmarebalancing. Adjustingσ_i values tobalancenormalizeddistance scales across dimensions (σ_H from
20 → 28, σ_A from 2.0 → 1.5) reduced cross‑dimension imbalance from 0.66 to 0.49 but degraded predictive
AUC (Δ −0.003), AUS empirical baseline alignment (mean PLDI 1.10 → 1.00, worsening ϐit to PLDI* = 1.5 target),
and Talon Threshold lift (1.02× → 0.97×). Net verdict: cosmetic rebalancing without substantive empirical gain
(script 71).
(c) Three‑dimensional reframing (C × H composite). Combining ϐiscal (C) and private (H) leverage into a
composite ϐinancial‑fragility dimension via PLDI_3d = (d_A × d_B × d_C × d_H)^(1/3) yields mathematically
equivalent results to the four‑dimensional PLDI under amonotonic transformation (PLDI_3d = PLDI_4d^(4/3)).
Empirical tests conϐirmed identical predictive AUC. Computing d_CH from raw C × H product (a substantively
different construction rather than mathematical re‑expression) degraded AUC to 0.518 versus 0.564 baseline.
The geometric‑mean aggregation already implicitly captures the “any‑one‑dimension‑breach” intuition via its
product structure; explicit merging does not add empirical information (script 73).
(d) Gap‑based C and H (R1 hybrid gap). Replacing stock‑level C and H with deviations from 10‑year rolling
country‑speciϐicmeans (Borio 2014 / Schularick‑Taylor 2012 leverage‑cycle style) improved several panel‑wide
metrics — dimension balance (0.66 → 0.32), single‑predictor AUC (0.56 → 0.60), cross‑country baseline coefϐi‑
cient of variation (0.64→ 0.47), and Talon Threshold lift (1.02×→ 1.79×)— but failed the Dual Breach Principle
deployment test under pseudo‑real‑time calibration. R1 with pseudo‑real‑time σ (R1‑PR, script 75 Phase B.5)
produced 0/2 conditional‑on‑crisis convergence rate versus 75% (3/4) for the baseline PLDI_pr on the same
panel methodology. Sample size n = 2 crisis‑conditional episodes is too small for ϐirm statistical conclusion, but
the directional signal is sufϐicient to defer R1‑style gap reformulation as a subsequent research direction rather
than a adoption in this paper.
Acknowledged residual weaknesses. (i) The normalized‑distance imbalance documented above remains; al‑
ternative explicit rebalancing does not empirically improve predictive validity. (ii) Cross‑country variation in
PLDI baselines is substantial (coefϐicient of variation = 0.64 across 33 countries on the full‑sample PLDI; this is
partially addressed by pseudo‑real‑time country‑speciϐic σ in §5.3, which the deployment‑quality PLDI_pr uses).
(iii) The Talon Threshold value 0.80 was calibrated against the pseudo‑real‑time PLDI_pr and reϐlects conserva‑
tive bias by design; the panel‑empirical optimal threshold under R1 framework variants is 1.45–1.81 in distance
units (script 73, Q8 metric), suggesting that 0.80 is somewhat conservative for early‑warning deployment. The
conservative bias is intentional under the framework’s risk‑asymmetric design — a missed‑crisis false nega‑
tive is far more costly than a false‑positive warning — but explicit recalibration to panel‑empirical optimum is
reserved as a subsequent research direction.
For deployment, the pseudo‑real‑time PLDI_pr (§5.3, with country‑ and time‑speciϐic σ calibration) is the
deployment‑quality predictive index. The full‑sample PLDI underlying the §8.1 historical trajectory is the
illustrative narrative version used to communicate the framework’s structure on a comprehensible scale;
readers comparing the §8.1 narrative numbers to the §A.4 / §14.5 OOS lift and AUC validation numbers should
note that the latter use the pseudo‑real‑time version, which is the deployment‑quality variant. The two versions
agree directionally but differ in absolute scale.

1.5.5 4.3b Cross‑validated test of the four‑dimensional basis

A second reality‑check series (scripts 60–61 in d3b_data/scripts/) extends §4.3a’s test of aggregation and
normalization choices to the more substantive question of dimensional choice itself: is the four‑dimensional
ABCH basis empirically Pareto‑optimal among the available D3b candidates, or could swapping in the BIS Credit‑
to‑GDP gap (Drehmann, Borio, and Tsatsaronis 2011) as a replacement or supplementary dimension improve
predictive validity? The test compares two layers — raw‑variable logit on individual covariates and PLDI vari‑
ants as composite indices— and demonstrates that the answer depends critically on whether single‑index stan‑
dalone or operationally‑deployed joint‑with‑credit_gap use is the evaluation criterion.
Layer 1: raw‑variable forward selection (script 60). Exhaustive enumeration of all 31 non‑empty subsets
of ϐive candidates A=cpi_yoy, B=unemp_rate, C=gov_debt_pct_gdp, H=hh_debt_pct_gdp, G=credit_gap on the 33‑
country D3b panel (n = 4,053 country‑quarters, 222 crisis events) yields the leave‑one‑country‑out (LOCO)
cross‑validated AUC Pareto frontier at each subset size k:
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k best subset LOCO AUC
1 G alone 0.7131
2 HG 0.7355
3 CHG 0.7508
4 BCHG 0.7500
5 ABCHG 0.7419

The k = 4 subset {B, C, H, G} (drop A, add G) achieves LOCO AUC = 0.7500 versus 0.6235 for ABCH itself. This
+0.13 LOCO AUC gap reϐlects that credit_gap alone (k = 1, AUC 0.7131) already exceeds the four‑dimensional
ABCH combined raw‑variable logit. Under the raw‑variable predictive criterion, ABCH ranks last among the ϐive
k = 4 subsets (BCHG 0.7500 > ACHG 0.7434 > ABHG 0.7260 > ABCG 0.6992 > ABCH 0.6235). The k = 5 case
ABCHG (0.7419) is below the k = 3 best CHG (0.7508), indicating that the inϐlation dimension A’s raw‑variable
signal does not survive cross‑country leave‑one‑out testing once the credit‑cycle dimension G is included.
Layer 2: PLDI variants as composite indices (script 61). Layer 1 tests raw variables in logit, but the PLDI
framework operates via normalized distance transforms 𝑑𝑥 = max(𝜀, (𝜏𝑥,𝑝95 − 𝑥)/𝜎𝑥) and geometric‑mean
aggregation (§4.4, §5.3) — fundamentally different from raw‑variable logit. Layer 2 tests this by constructing
six PLDI variants with the same pseudo‑real‑time normalizationmethodology (120‑quarter expanding window,
min 60 quarters, 𝜀 = 0.01) applied to each candidate dimension:

variant k single LOCO AUC
joint‑with‑
credit_gap AUC complementarity Δ

PLDI(BCHG) 4 0.6371 0.7341 +0.0667
PLDI(BCH) 3 0.6236 0.7515 +0.0976
PLDI(ABCHG) 5 0.6219 0.7315 +0.0820
PLDI(ACHG) 4 0.6080 0.7294 +0.0805
PLDI(ABCH) 4 0.5900 0.8526 +0.2171
PLDI(ABCG) 4 0.5357 0.7157 +0.1308

Two opposing patterns emerge. Single‑index Pareto: PLDI(BCHG) at LOCO AUC 0.6371 outperforms
PLDI(ABCH) at 0.5900 by +0.047 — consistent with Layer 1’s ϐinding that variants including the credit‑cycle
dimension have stronger single‑index predictive power. Joint‑with‑credit_gap Pareto: PLDI(ABCH) reverses
to dominate— joint AUCwith raw credit_gap as a second logit predictor reaches 0.8526, exceeding the next‑best
variant PLDI(BCH) at 0.7515 by margin +0.1011. The complementarity Δ (single → joint AUC gain) is largest
for PLDI(ABCH) at +0.2171, more than 2× the next‑largest complementarity (+0.1308 for PLDI(ABCG)).
Reconciliation: ABCH as credit‑cycle complement, not substitute. The two patterns are reconciled by not‑
ing that variants which include G (credit_gap distance) inside the PLDI geometric mean (BCHG / ABCHG / ACHG
/ ABCG) gain single‑index predictive power by absorbing the credit‑cycle signal into the composite, but lose
joint complementarity with raw credit_gap because the credit‑cycle signal is duplicated across both predictors.
PLDI(ABCH) by contrast captures the four non‑credit‑cycle macroeconomic stress dimensions (inϐlation, unem‑
ployment, ϐiscal debt level, household debt level), which are statistically orthogonal to the credit‑cycle dimen‑
sion that raw credit_gapmeasures. This orthogonality is the source of the +0.217 complementarity gain and the
+0.10 joint margin.
Operational criterion. The framework’s empirical validation in §14.5 (33‑country joint logit) and §A.4 estab‑
lishes that the deployment‑quality use of PLDI is joint with credit_gap, reaching AUC = 0.853 in‑sample and
0.84–0.85 out‑of‑sample under rolling‑window pseudo‑real‑time validation on the 33‑country panel. Under
this operationally‑relevant criterion, the existing ABCH dimensional basis is vindicated as Pareto‑optimal
with margin +0.10 over the next‑best alternative; the dimensional cross‑validated test demonstrates that the
§3.3 theoretical mechanism inventory’s four‑dimension choice is empirically the right basis for the operational
PLDI‑plus‑credit_gap deployment framework.
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Disclosure for standalone deployment. Consistent with the §4.3a transparency tradition, we disclose that
single‑index PLDI variants alternative to PLDI(ABCH) outperform when used standalone without external
credit‑cycle augmentation: PLDI(BCHG) achieves single LOCO AUC 0.6371 versus PLDI(ABCH) at 0.5900 (gap
+0.047). Users deploying PLDI as a univariate standalone indicator may achieve modestly better predictive
validity with PLDI(BCHG); the framework’s recommended deployment, however, is joint with credit_gap, and
under that recommendation the existing ABCH basis is Pareto‑optimal by +0.10 margin. Replication code in
d3b_data/scripts/60_dim_forward_selection.py and 61_pldi_variants_test.py; tabulated results
in d3b_data/outputs/dim_selection_results.csv and pldi_variants_results.csv; audit reports in
dim_selection_audit.md and pldi_variants_audit.md.

1.5.6 4.4 Aggregation function: justiϐication of geometric mean

We adopt the unweighted geometric mean as the baseline aggregation function:

PLDI(𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻) = (𝑑𝐴 ⋅ 𝑑𝐵 ⋅ 𝑑𝐶 ⋅ 𝑑𝐻)1/4.

The choice is grounded in four formal properties of the unweighted geometric mean of four non‑negative reals,
with complete proofs in Appendix A.2. Supplementarymachine‑veriϐication of the proofs is available; see §A.2.5
for replication details.
Property P1 (Conservative lower bound): PLDI ≤ arithmetic mean of the same distances, with equality if
and only if all four distances coincide (Theorem A.2.1). This means PLDI is never less alarming than arithmetic
averaging at the same conϐiguration, and strictly down‑weights conϐigurations exhibiting dispersion across
dimensions—formalizing the Dual Breach intuition that synchronized stress is more dangerous than dispersed
stress at the same average distance.
PropertyP2 (Constantunit elasticity): The elasticity of PLDIwith respect to eachdimension is exactly 1/4, the
same for all four dimensions and independent of the current conϐiguration (TheoremA.2.4). A 1% change in any
single dimension produces a 0.25% change in PLDI. This formalizes the framework’s claim that no dimension is
privileged in the baseline speciϐication; the unweighted form follows from the structural decision that A, B, C, H
are equally important contributors and need not be re‑weighted ex post.
Property P3 (Minimum‑coordinate ampliϐication): PLDI’s sensitivity to each dimension is given by the for‑
mula 𝜕PLDI/𝜕𝑑𝑖 = PLDI/(4𝑑𝑖), whereas AM’s sensitivity is the constant 1/4. The PLDI sensitivity dominates
AM’s sensitivitywhenever PLDI ≥ 𝑑𝑖 , which always holds at theworst‑stressed coordinate since PLDI ≥ min𝑗 𝑑𝑗
(TheoremA.2.3with supporting LemmaA.2.3a). In the limitwhere one dimension approaches breach (𝑑𝑖 → 0+),
PLDI’s sensitivity to that dimension diverges to inϐinity while AM’s remains bounded at 1/4. This is the formal
expression of the framework’s central design principle: a single dimension approaching breach should dominate
the aggregate crisis‑distance signal.
PropertyP4 (Diagonal boundary): When all four dimensions coincide at value𝑑 ≥ 0, PLDI =AM=𝑑 (Corollary
A.2.2). The aggregator behaves as expected on the symmetric diagonal where dispersion is absent.
Comparison to alternative aggregators is summarized below:

Aggregator P1 conservative
P2 constant
elasticity 1/4

P3 min‑coord
ampliϐication P4 diagonal Comment

Arithmetic
mean

trivially = � (uniform 1/4
sensitivity to

every dimension)

� � Misses the
Dual
Breach
intuition;
fails to
amplify
minimum
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Aggregator P1 conservative
P2 constant
elasticity 1/4

P3 min‑coord
ampliϐication P4 diagonal Comment

Minimum � (extreme
version)

� (sensitivity 0 or
1, discontinuous)

partial only � Discards
informa‑
tion on
non‑
minimum
dimen‑
sions

L² norm /
Euclidean
distance

varies � (elasticity
depends on

conϐiguration)

� but weaker than
GM

� Rewards
balance
but
symmetry
across di‑
mensions
less
rigorous

Mahalanobis
distance

depends on Σ � (effective
weights

determined by
covariance)

depends depends Requires
reliable Σ
estima‑
tion;
sensitive
to time‑
varying
correla‑
tions that
may break
down near
crisis

Geometric
mean
(selected)

� � � � Satisϐies
P1–P4
jointly

Of the standard aggregators considered, only the unweighted geometric mean satisϐies P1–P4 jointly. We do
not claim uniqueness: other aggregators (notably certain weighted geometric means and speciϐic 𝐿𝑝 means
under restrictive parameterizations) may also satisfy P1–P4. The case for the unweighted geometric mean is
interpretive—each of the four properties has direct policy and theoretical motivation, and the simplest aggrega‑
tor satisfying them is the unweighted geometric mean of four uniformly‑weighted dimensions.
Section 4.5 and Section 13 report robustness of empirical ϐindings under arithmetic mean, minimum, and Ma‑
halanobis alternatives. The qualitative ϐindings supporting the Dual Breach Principle do not depend on the
geometric‑mean choice (see §8.4). The argument here is that the geometric mean is the most natural baseline
given the framework’s design principles—not that empirical conclusions stand or fall on this choice alone.
A note on the aggregation choice in relation to portfolio‑variance composite indicators. The geometric‑
mean aggregation in PLDI may invite comparison with the more elaborate portfolio‑theory variance form pi‑
oneered by Holló, Kremer and Lo Duca (2012) for the ECB’s Composite Indicator of Systemic Stress (CISS), in
which subindices are combined as CISS𝑡 = (𝑤 ⊙ 𝑠𝑡)⊤𝐶𝑡(𝑤 ⊙ 𝑠𝑡) with 𝐶𝑡 an EWMA‑estimated time‑varying
cross‑correlationmatrix (see §2.3 for fuller engagementwith CISS).We deliberately avoid the portfolio‑variance
form for two reasons. First, the cross‑correlation structure of the four ABCH macroeconomic dimensions at
quarterly frequency is materially less informative than the cross‑correlation of market‑stress ϐlows at weekly
frequency that CISS exploits: cross‑correlations across CPI inϐlation, unemployment, federal debt‑to‑GDP, and
household debt‑to‑GDP are dominated by slow co‑movement driven by common business‑cycle and credit‑cycle
factors rather than by the abrupt co‑stress this paper aims to detect, so the additional structural complexity of
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the variance form purchases relatively little informational gain at quarterly frequency. Second, sub‑sample ro‑
bustness across 33 heterogeneous economies under data‑sparse historical conditions strongly favours simple
aggregation — a concern Holló et al. (2012) themselves raise in their footnote 9 in the cross‑country context.
The portfolio‑variance form is the appropriate choice for CISS’s coincident weekly market‑stress measurement;
the unweighted geometricmean is the appropriate choice for PLDI’s quarterly structural‑vulnerabilitymeasure‑
ment. The two choices are not in competition; they reϐlect the differing operating frequencies and dimensional
natures of the two indices, as elaborated in §2.3.

1.5.7 4.5 Robustness alternatives

Section 13 reports PLDI computed under each of the following alternative speciϐications:
• Threshold sets B and C
• Sigma values 50% higher and 50% lower
• Arithmetic mean aggregation
• Minimum aggregation
• Mahalanobis distance with rolling 5‑year covariance estimation
• Trimmed mean inϐlation substituted for headline CPI
• Underutilization rate substituted for unemployment rate
• Gross debt substituted for net debt
• Household debt to disposable income substituted for debt to GDP

The qualitative pattern of PLDI evolution—warning zone in 1990‑Q4, deep crisis in 1991‑Q4, safe zone 2005‑
2008, near‑crisis 2020‑Q4, deep crisis 2022‑Q4, warning zone 2026‑Q1—is robust across all alternative speciϐi‑
cations. The speciϐic quantitative values vary, but the directional ϐindings supporting the Dual Breach Principle
are not artifacts of methodology choice.

1.6 5. Methodology: Empirical Test of the Dual Breach Principle
1.6.1 5.1 Hypothesis statement

The Dual Breach Principle states an empirical regularity rather than a theoretical theorem. To facilitate falsiϐica‑
tion, we state the hypothesis in operational form:
H1 (Dual Breach Convergence): Conditional on a dual breach event at time t—deϐined as two of the four di‑
mensions (A, B, C, H) simultaneously satisfying the breach condition Xᵢ(t) > τᵢ—the remaining two dimensions
will satisfy dⱼ(t+k) < 1.0 for at least one k � [1, 24]months in over 80% of cases.
The threshold of 80% (rather than 90%) is chosen as the formal hypothesis to avoid post‑hoc rationalization of
an observed regularity. We report the empirically observed support rate separately.
The convergence criterion dⱼ(t+k) < 1.0 corresponds to the remaining dimensions reaching the warning zone
(within onenormalized standarddeviationof breach) rather than full breach. Thisweaker convergence criterion
is chosen because: (1) the remaining dimensions in some casesmay be prevented from full breach by emergency
policy intervention, even though theywereona convergent trajectory; (2) thewarning zone thresholdprovides a
less arbitrary cutoff than full breach; (3) the principle’s policy implication—that dual breach signals an economy
approaching synchronized stress—holds under the warning‑zone criterion.

1.6.2 5.2 Case selection criteria

We construct a primary sample of 30 historical ϐinancial crisis episodes for testing H1, drawing from estab‑
lished crisis databases:

• Laeven and Valencia (2018, 2020) Systemic Banking Crises Database, which documents 151 systemic
banking crisis episodes globally during 1970‑2017 with consistent deϐinitions and dating
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• Reinhart and Rogoff (2009, 2014) crisis database, providing extended historical coverage back to the
early 1900s for advanced economies

• For Australian cases, the RBA Financial Stability Review historical archives
Selection criteria:

1. Period: 1929‑2024 (inclusive)
2. Crisis identiϐication: Episode must be classiϐied as systemic crisis by at least one of: (i) Laeven‑Valencia

systemic banking crisis criteria, (ii) Reinhart‑Rogoff banking or sovereign debt crisis, (iii) NBER Business
Cycle Dating Committee severe recession (US‑only), (iv) IMF Article IV Consultation acknowledgment of
severe stress

3. Data availability: Quarterly or annual data must be available for at least three of the four dimensions (A,
B, C, H) over a window from 24 months prior through 36 months after the candidate dual breach event

4. Dual breach veriϐication: Two of the four dimensions must satisfy the breach condition simultaneously
using country‑speciϐic calibration (Section 5.3)

5. Sample independence: No two cases drawn from overlapping country‑year windows
The 30 cases comprise the 12 cases from earlier analysis plus 18 additional cases identiϐied through systematic
search of the Laeven‑Valencia and Reinhart‑Rogoff databases.
Original 12 cases: Australia 1990, US 1929, US 1973, US 2008, Greece 2009, Ireland 2008, Spain 2009, Portugal
2010, Argentina 2018, Turkey 2021, South Korea 1997, Thailand 1997.
Extended 18 cases: Sweden 1991, Finland 1991, Norway 1988, Mexico 1994, Russia 1998, Brazil 1999, Brazil
2015, Indonesia 1997, Malaysia 1997, UK 2008, Iceland 2008, Italy 2012, Cyprus 2012, Argentina 2001, Ar‑
gentina 1989, Argentina 1981, Mexico 1982, Chile 1982.
This expanded 30‑case sample improves on the 12‑case sample in three respects: (1) broader geographic and
temporal coverage, (2) systematic rather than convenience‑based case selection, (3) consistencywith the canon‑
ical crisis databases used in mainstream ϐinancial crisis research.
Important caveats remain: ‑ 30 cases remains small relative to formal econometric standards ‑ Selection on
dependent variable (all are crises) persists ‑Dual breachdetection in somecases requires interpolationof annual
data to quarterly ‑ Country‑speciϐic threshold calibration introduces judgment
We characterize the expanded analysis as systematic suggestive evidence rather than deϐinitive empirical
proof. Full panel data analysis using the complete Laeven‑Valencia 151‑case sample with rigorous statistical
inference is identiϐied as a priority for subsequent research.

1.6.3 5.3 Breach detection methodology

For each case, we compute country‑speciϐic thresholds τᵢ and normalization volatilities σᵢ using:
• τᵢ = country‑speciϐic historical 95th percentile of the dimension over the 30 years preceding the candidate

breach
• σᵢ = country‑speciϐic historical standard deviation over the same window

This country‑speciϐic calibration controls for institutional differences that affect what constitutes “crisis‑level”
stress in each economy.
Quarterly data are usedwhere available; annual data are interpolated to quarterly using cubic splines for volatile
variables (CPI) and linear interpolation for slow‑moving variables (debt ratios). Section 13 reports robustness
using only quarterly observations.
A breach is recorded in dimension i at quarter t when Xᵢ(t) > τᵢ. A dual breach is recorded when two breaches
occur in the same quarter.
Out‑of‑sample validation: To verify that the country‑speciϐic calibration produces an out‑of‑sample‑
informative PLDI series (rather than capturing only in‑sample ϐit), the calibrationwas applied pseudo‑real‑time
to the full Laeven‑Valencia 1970‑2017 panel (43 countries × ~180 quarters; 3,142 country‑quarter cells with
sufϐicient prior history). At each (country, t) cell, σ_X(t) and τ_X(t) were computed using only data available
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at time t−1. The resulting PLDI_pr(t) below the Talon Threshold (PLDI < 0.80) was associated with a 21.5×
higher rate of LV systemic banking crisis onset within the next 24 months than PLDI_pr ≥ 0.80 (4.1% vs 0.2%
conditional probability). Single‑predictor logistic regression yielded ROC AUC = 0.64. Replication code and full
results are in d3b_data/scripts/.

1.6.4 5.3a Country‑baseline heterogeneity disclosure (narrative tool, not deployment threshold)

The Talon Threshold deϐined in §3.2 is the universal cutoff PLDI𝑝𝑟 = 0.80 applied on the pseudo‑real‑
time PLDI scale, which absorbs cross‑country baseline heterogeneity into each country’s pseudo‑real‑time
σ‑normalisation (§5.3). This sub‑section discloses the empirical cross‑country baseline heterogeneity
that remains in the PLDI level scale (the narrative scale used in §8.1 for the Australian trajectory) via a
country‑baseline formula. The level‑scale formula below is a narrative tool for describing baseline
heterogeneity, not a recommended deployment cutoff: head‑to‑head empirical validation (reported in
§A.4 and summarised at the end of this sub‑section) shows that the level‑scale country‑speciϐic cutoff produces
anti‑predictive deployment results. The universal PLDI𝑝𝑟 = 0.80 remains the deployment instrument.
Formal level‑scale baseline formula. For country 𝑐, deϐine

𝑇𝑐 = 𝜌 ⋅ PLDI∗𝑐 ,

where:
• 𝜌 is the framework‑level baseline ratio, estimated as the median ratio of PLDI level at dual‑breach for‑

mation to the country‑of‑episode’s stable‑year empirical PLDI baseline, across all 53 dual‑breach episodes
identiϐied in theD3b 33‑country panel. Cluster‑bootstrap 95%conϐidence intervals are reported via 1,000
country‑resampled replicates.

• PLDI∗𝑐 is country 𝑐’s stable‑year empirical PLDI level, computed as the median PLDI level over 𝑐’s sta‑
ble years, where “stable” excludes ±2‑year windows around dual‑breach formation events and ±5‑year
windows around Laeven‑Valencia banking‑crisis onsets.

Estimation results (PLDI level / Calibration A). Applying the formula on the D3b 33‑country panel:
• Framework‑level baseline ratio: 𝜌̂ (median across 53 episodes) = 0.8303, cluster‑bootstrap mean =

0.8276, 95% CI [0.5154, 0.9776] (1,000 country‑resampled replicates).
• AUS country‑level baseline: ෟPLDI∗AUS (stable‑yearmedian) = 1.066 (n = 199 stable quarters across 1977‑

2025).
• AUS level‑scale baseline product: $T_{AUS} = 0.8303 ×1.066 = $ 0.885, 95% CI [0.549, 1.042].

TheAUS level‑scale baselineproduct 0.885 is statistically indistinguishable fromthe§3.2deployment cutoff
value 0.80 at the 5% level (95% CI [0.549, 1.042] contains 0.80). This numerical coincidence supports the §8.1
narrative use of “PLDI 1.16 distance from 0.80 ≈ 0.36” without contradiction between the deployment scale
(PLDI_pr) and the level‑scale narrative.
Cross‑countrybaselineheterogeneity (full 33‑country table inoutputs/country_specific_threshold_level_table.csv).
Applying 𝑇𝑐 = 𝜌̂ ⋅ PLDI∗𝑐 across the D3b panel produces level‑scale baseline values spanning approximately
0.41 to 1.79, organised into three rough clusters: (i) a high‑baseline group (Korea, Luxembourg, Norway,
Mexico, Saudi Arabia, New Zealand, with 𝑇𝑐 in 1.21–1.79) characterised by high stable‑zone PLDI∗𝑐; (ii) an
Australia‑clustered group (Austria, Netherlands, Switzerland, Denmark, Czech Republic, Indonesia, with
𝑇𝑐 in 0.83–0.97 close to AUS at 0.885); and (iii) a low‑baseline group (Germany, Chile, Sweden, Finland,
Japan, Poland, USA, with 𝑇𝑐 in 0.41–0.68). The cross‑country variation in 𝑇𝑐 reϐlects the residual cross‑country
heterogeneity in pseudo‑real‑time PLDI distributions documented in §4.3a (cross‑country PLDI coefϐicient of
variation = 0.64), which the pseudo‑real‑time normalisation in §5.3 does not fully eliminate at the level scale.
The level‑scale clusters are useful descriptive indicators of cross‑country baseline differences but, as the next
paragraph documents, are not deployment‑quality cutoffs.
Deployment validation: why level‑scale 𝑇𝑐 is not the deployment instrument. A head‑to‑head empirical
comparison on the D3b 31‑country pseudo‑real‑time panel (3,120 country‑quarters with all of PLDI_pr, PLDI
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level, 𝑇𝑐 , 𝑇𝑐,𝑝𝑟 , and forward‑24‑month LV banking‑crisis indicator non‑missing, 107 crisis events) tests four can‑
didate deployment speciϐications:

Spec Scale Threshold Below cells
𝑃(crisis ∣
below)

𝑃(crisis ∣
above) Lift AUC

V0_pr
(§3.2 de‑
ployment)

PLDI𝑝𝑟 universal
0.80

83.2% 4.08% 0.19% 21.35× 0.6407

V1_pr PLDI𝑝𝑟 country‑
speciϐic
𝑇𝑐,𝑝𝑟

21.0% 4.28% 3.21% 1.33× —

V0_lvl PLDI level universal
0.80

65.7% 3.46% 3.36% 1.03× 0.5410

V4_lvl PLDI level country‑
speciϐic 𝑇𝑐

40.6% 3.00% 3.73% 0.80× 0.4437

The four‑way comparison establishes that:
1. V0_pr (the §3.2 deployment speciϐication) carries the framework’s empirical strength— universal

cutoff on the pseudo‑real‑time scale produces 21.35× crisis lift and AUC 0.6407.
2. V1_pr (country‑speciϐic 𝑇𝑐,𝑝𝑟 on PLDI_pr scale) is substantially weaker— lift collapses to 1.33×. The

PLDI_pr scale already absorbs country baseline heterogeneity through pseudo‑real‑time σ‑normalisation,
so adding a country‑speciϐic cutoff on the normalised scale removes the cross‑country alignment that uni‑
versal 0.80 exploits.

3. V0_lvl (universal 0.80 on PLDI level scale) is near‑random— lift 1.03×, AUC 0.5410. The level scale is
not country‑normalised and a universal cutoff is dominated by cross‑country baseline noise.

4. V4_lvl (country‑speciϐic 𝑇𝑐 on PLDI level) is anti‑predictive — lift 0.80×, AUC 0.4437 < 0.5.
The root cause is that PLDI∗𝑐 for structurally‑stressed countries (e.g., Spain PLDI∗ESP = 0.354,
Italy 0.152, Japan 0.618) yields 𝑇𝑐 values below the country’s actual crisis‑onset PLDI distribu‑
tion, mis‑classifying crisis episodes as “above threshold.” Per‑country breakdown (full table in
outputs/level_scale_deployment_validation_audit.md) shows ESP 13 / 13, ITA 13 / 13, JPN
13 / 13, SWE 14 / 14 of crisis events occurring above 𝑇𝑐 — the level‑scale 𝑇𝑐 is calibrated too low for
structurally‑stressed economies, the opposite of what a deployment cutoff should achieve.

Resolution: the level‑scale country‑speciϐic baseline𝑇𝑐 is retained in this sub‑section as anarrative descriptor
of cross‑country PLDI level heterogeneity, not as a deployment cutoff. The §3.2 universal PLDI𝑝𝑟 = 0.80 on
the pseudo‑real‑time scale is the deployment instrument, with empirical validity established at 21.35× lift / AUC
0.6407 on the 31‑country panel. Country‑speciϐic deployment is achieved in practice by applying the universal
0.80 cutoff to each country’s own pseudo‑real‑time PLDI series, which is functionally country‑speciϐic because
of the country‑speciϐic σ‑normalisation embedded in PLDI_pr.
Numerical‑coincidence disclosure for the §8 Australian narrative: throughout the Australian narrative in
§8–§10, references to “Talon Threshold = 0.80” refer to the universal PLDI𝑝𝑟 deployment cutoff applied to Aus‑
tralia’s PLDI𝑝𝑟 series; the AUS level‑scale baseline 𝑇AUS ≈ 0.885 ≈ 0.80 is a numerical coincidence (CI [0.549,
1.042] covers 0.80) that preserves the §8.1 narrative without altering the deployment semantics.
Replication code in d3b_data/scripts/72_country_specific_threshold_level.py (level‑scale baseline
estimation), 73_country_specific_deployment_validation.py (V0_pr / V1_pr / V2_pr comparison), and
74_level_scale_deployment_validation.py (V0_pr / V0_lvl / V4_lvl / V5_lvl four‑spec comparison). Tabu‑
lated 33‑country level‑scale baselines in outputs/country_specific_threshold_level_table.csv; head‑
to‑head deployment validation audit in outputs/country_specific_deployment_validation_audit.md
and outputs/level_scale_deployment_validation_audit.md.
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1.6.5 5.4 Convergence measurement

For each dual breach event at time t, we examine the subsequent trajectory of the two non‑breached dimensions
j over the window [t+1, t+24]months.
We record: ‑ First convergence quarter k*: the smallest k such that dⱼ(t+k) < 1.0 for both non‑breached dimen‑
sions ‑ Convergence outcome: binary indicator equal to 1 if k* ≤ 24, equal to 0 otherwise ‑Time to full breach:
the smallest k such that dⱼ(t+k) ≤ 0.01 for either non‑breached dimension
The 24‑month window is chosen for three reasons. First, ϐinancial crisis literature consistently identiϐies 18‑
30 months as the typical duration over which sequential dimensional stress propagates. Second, 24 months
is policy‑relevant: it spans the typical electoral cycle. Third, beyond 24 months, identiϐication of “convergence
caused by initial dual breach” versus “convergence caused by subsequent independent shocks” becomes increas‑
ingly tenuous.

1.6.6 5.5 Panel‑wide converse test

The earlier draft of this paper presented four “near‑miss” cases (Japan 1990 single H breach with 30‑year stag‑
nation; Australia 2022 single A breach with recovery; Switzerland 2007‑08 no breach; Sweden 2008‑09 no
breach) as the converse‑side evidence for the Dual Breach Principle. Hand‑picked four‑case samples are anec‑
dotal and inadequate as a converse test of selection‑on‑dependent‑variable concerns. The current revision re‑
places this with a panel‑wide quantitative converse test on the D3b 33‑country pseudo‑real‑time quarterly
panel (n =2,148 country‑quarter cellswith all four𝑑𝑋,𝑝𝑟 distances non‑missing, 1980‑2025). Replication code in
d3b_data/scripts/75_converse_panel_audit.py; audit in outputs/converse_panel_audit.md and per‑
episode results in outputs/converse_panel_results.csv.
Spec 1 · Cell‑level breach_count grouping (strict breach deϐinition 𝑑𝑋,𝑝𝑟 ≤ 0.05, near the 𝜀‑ϐloor used in §5.3):

breach_count
at cell n_cells n_crisis next 24m P(crisis 24m)

95%
Clopper‑
Pearson CI

Multiplier vs
base

0 (no
breach)

565 0 0.000% [0.00%,
0.65%]

1.00×

1 (single
breach)

1,033 30 2.904% [1.97%,
4.12%]

(∞ vs zero base)

2 (dual
breach)

427 29 6.792% [4.60%,
9.61%]

2.34× vs single

3 (triple
breach)

106 10 9.434% [4.62%,
16.67%]

1.39× vs dual

4 (quadruple
breach)

17 4 23.529% [6.81%,
49.90%]

2.49× vs triple

2+ (dual+) 550 43 7.818% [5.72%,
10.39%]

2.69× vs single

The crisis rate ismonotonically increasing in breach_count across all ϐive tiers: 0% → 2.9% → 6.8% → 9.4%
→ 23.5%. The dose‑response pattern is the cleanest panel‑wide converse test of the Dual Breach Principle:
no‑breach cells exhibit a zero unconditional 24‑month crisis rate on this panel (Clopper‑Pearson upper bound
0.65%), while dual‑breach cells exhibit a 6.79% rate, a substantial elevation that cannot be ascribed to single‑
dimension stress alone. Importantly, single‑breach cells are also informative (2.90%crisis rate,materially above
the zero baseline) — single‑dimension stress is not inert, contrary to a naive reading of the four‑case anecdotal
sample previously reported here. The framework’s central empirical content is therefore best stated as: dual
breach approximately doubles the crisis lift of single breach, and the breach_count signal exhibitsmono‑
tonic dose‑response across the ϐive tiers, not as “absent dual breach, the system does not converge to crisis”
(which is too strong relative to the panel evidence).
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Spec 2 · Episode‑level single‑breach analysis (gap‑reset of 8 quarters, mirroring the §5.3 episode deϐinition
used for dual‑breach episodes):

• 35 single‑breach episodes identiϐied across 25 countries (a‑only: 13, b‑only: 2, c‑only: 6, h‑only: 14).
The h‑onlymajority is consistent with theMian‑Suϐi (2014) and Schularick‑Taylor (2012) household‑debt‑
as‑leading‑indicator literature.

• 24‑month escalation to dual breach: 8 of 33 non‑censored episodes (24.24% [CI 11.09%, 42.26%]).
Three‑quarters of single‑breach episodes do not escalate to dual breach within 24 months — the princi‑
ple’s empirical content is therefore episode‑speciϔic rather than universal.

• 24‑month LV banking‑crisis rate among single‑breach episodes: 3 of 33 (9.09% [CI 1.92%, 24.33%]).
• For comparison, dual‑breach episodes (breach_count ≥ 2 at episode start with 8‑quarter gap‑reset, 𝑛 =
13with crisis data): 24‑monthLVcrisis rate =15.38%[CI 1.92%, 45.45%], a 1.7× lift over the single‑breach
episode crisis rate, consistent with the cell‑level 2.3× dual‑vs‑single lift documented in Spec 1 above.

Historical‑case calibration disclosure: The four‑case sample (Japan 1990, Australia 2022, Switzerland 2007‑
08, Sweden 2008‑09) is retained as narrative illustration of the panel pattern in well‑known cases, not as the
primary converse evidence. The Japan 1990 case illustrates a single‑H‑breach episode that exhibited 30‑year
gradual deterioration without escalation to dual breach — consistent with the 75.8% non‑escalation rate docu‑
mented in Spec 2 above. The Australia 2022 case illustrates a single‑A‑breach episode that recovered without
escalation. Switzerland and Sweden cases sit at breach_count = 0, which has zero 24‑month LV crisis rate on
the panel.
Verdict on §5.5 selection‑on‑DV concern: The panel‑wide converse test substantively addresses the four‑case
anecdotal limitation. The Dual Breach Principle’s central empirical content survives the converse test in two
reϐined forms: (i) dual breach is 2.3‑2.7× more informative than single breach in raw cell‑level crisis rate; (ii)
breach_count ismonotonically related to subsequent crisis rate in a dose‑response pattern across the panel. The
principle’s earlier framing as “absent dual breach, the system does not converge” is corrected: single breach is
informative, but dual breach is substantially more informative.

1.6.7 5.6 Statistical inference and limitations

With30 cases, statistical inference ismoremeaningful thanwith the original 12‑case sample but remains subject
to small‑sample limitations relative to formal econometric standards. We report:

• The proportion of cases supporting H1 (binary outcome)
• 95% Clopper‑Pearson conϐidence intervals
• Sensitivity to deϐinition choices (breach threshold, convergence criterion, window length)

The 30‑case sample is best understood as systematic suggestive evidence motivating policy attention,
not as deϐinitive empirical proof. The Reinhart‑Rogoff (2009) database and Laeven‑Valencia (2018, 2020)
database both provide larger samples (151+ episodes) that could be used for more rigorous testing of full panel
dynamics—identiϐied as priority for subsequent research.

1.7 6. Methodology: PPLE Construction
1.7.1 6.1 Deϐinition and computation

The Policy Phase Locking Elasticity (PPLE) of a policy p is deϐined as:
PPLE_p = (PLDI(X_with_p) − PLDI(X_baseline)) / cost_p

where: ‑ X_with_p is the projected vector of macroeconomic dimensions assuming policy p is implemented ‑
X_baseline is the counterfactual projected vector without policy p ‑ cost_p is the policy’s expected ϐiscal cost as a
percentage of GDP per year
The numerator is in PLDI units (dimensionless). The denominator is in%GDP. PPLE therefore has units of “PLDI
change per percentage point of GDP cost,” analogous to ϐiscal multiplier units but applied to systemic risk rather
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than output.
Computation requires three inputs: 1. Baseline projection: a forecast of X(t+k) for k = 1, …, 24months without
the policy 2. Counterfactual projection with policy: a forecast incorporating the policy’s expected effects on
each dimension 3. Cost estimate: typically taken from ofϐicial ϐiscal impact statements (Treasury, PBO, ABS
Government Finance Statistics)

1.7.2 6.2 Dimension‑by‑dimension policy effect modeling

For each dimension, we use response functions parameterized by point estimates with explicit uncertainty
bounds drawn from the published economics literature.
A (Inϐlation) effects:

Policy type Central elasticity 90% interval Source
Direct subsidies −1.0 × subsidy share in

CPI component
±20% Treasury elasticity tables

Tax cuts → inϐlation +0.10 pp per % GDP cost [+0.05, +0.15] Cloyne, Jordà, and Taylor
(2020); Auerbach‑
Gorodnichenko (2012)

Monetary tightening →
inϐlation

−0.55 pp over 24 months
per 100bp

[−0.40, −0.70] RBA Romer‑style
estimates; Bishop and
Cassidy (2017)

B (Unemployment) effects:

Policy type Central elasticity 90% interval Source
ALMP −0.20 pp per % GDP [−0.10, −0.30] OECD Employment

Outlook 2024
Tax cuts →
unemployment

−0.12 pp per % GDP cost [−0.05, −0.20] Cloyne et al. (2020)

Monetary tightening →
unemployment

+0.45 pp over 24 months
per 100bp

[+0.30, +0.60] RBA modeling

C (Fiscal) effects:

Policy type Central elasticity 90% interval Source
Direct ϐiscal cost →
debt/GDP

+1.0 per % GDP cost ±10% Mechanical accounting

Tax cuts (dynamic offset) −0.20 of headline cost [−0.10, −0.30] Sims and Wolff (2018)
Monetary tightening →
ϐiscal

+0.25 pp debt/GDP per
100bp

[+0.10, +0.40] Australian Treasury

C‑channel series‑choice methodology note (retired in v0.10.14; original v0.10.9 phrasing replaced after
Phase 1 P3 panel data‑acquisition application). The v0.10.9 note originally claimed an “N=5 federal‑series
methodology miss” pattern across §11.13a‑e Canada Phase 3 cases where the federal‑only debt‑to‑GDP
series reportedly fell despite substantial absolute deϐicit accumulation (legacy Trudeau FY 2020‑21 reading
“16.24% to 13.33% over the 24m window”). The v0.10.14 reconciliation (Phase 1 Canada P3 panel, Finance
Canada FRT 2025 Public Accounts accumulated‑deϐicit % GDP) shows the original readingwas a cross‑country
convention‑mismatch artefact: the cross‑country D3b panel used the IMFWEO general‑government‑net‑debt
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convention for Canada (~13% of GDP — a deϐinition net of substantial ϐinancial‑asset holdings and excluding
several PA‑included liabilities), not the federal‑only Public‑Accounts‑basis convention (~31‑47% of GDP)
implied by the §C.3 “general government net debt, federal‑only” speciϐication used for Australia. Under the
§C.3‑aligned PA‑basis Phase 1 series the FY 2020‑21 Trudeau deϐicit correctly registers a substantial +16 pp
accumulation (PA debt 31.2% at 2020‑Q1 to 47.2% at 2021‑Q1). The §11.13d / §11.13e wrong‑sign reading
therefore does not reproduce under the §C.3‑aligned vintage; §11.13c bundle window similarly registers
+13.1 pp under PA‑basis. The residual negative ΔC readings for §11.13a/b under PA‑basis are now interpreted
as real Liberal‑government ϐiscal‑consolidation patterns in commodity‑windfall periods (PA debt fell
from a 47.2% pandemic peak to 41.1% by 2023‑Q1 as CERB/CEWS programs wound down and commodity‑
windfall revenue surged), not series‑choice artefacts. Updated practical implication: for cross‑country PPLE
applications the C‑channel series must match the §C.3 convention used by the reference country in the panel;
the §C.3 “general government net debt, federal‑only” speciϐication (Australia Treasury Budget Papers Statement
7 Net Debt; Canada Finance Canada FRT Public Accounts Accumulated Deϐicit) is the canonical operational
deϐinition. The IMF‑WEO general‑government‑net‑debt convention used in the underlying D3b panel for
cross‑country aggregation is a different concept (net of ϐinancial assets, broader government coverage) and
produces materially different ΔC readings; a future v0.13+ reϐinement will re‑build the D3b panel C series for
all 33 countries under the §C.3 federal‑only PA‑basis convention to eliminate this cross‑country asymmetry.
The §11 case‑study scoring methodology in this paper retains the OLD peer‑mean ΔC from the D3b panel
(asymmetry per §11.13 intro reconciliation) while reporting Canada Δ on the §C.3‑aligned PA‑basis Phase 1 P3
panel.
H (Household debt) effects:

Policy type Central elasticity 90% interval Source
Mortgage subsidies → H +0.20 pp per % GDP [+0.10, +0.30] Australian Treasury
Monetary tightening → H −2.0 pp over 24‑36

months per 100bp
[−1.0, −3.0] Elias et al. (2025); RBA

Bulletin Jan 2025
Income support → H ambiguous; central 0 [−0.10, +0.15] Elias et al. (2025)
Foreign‑buyer transfer
tax (target MSA, ≥ 10%
foreign‑buyer share)

−0.3 to −1.0 pp national
HH/GDP at 24m peak per
major‑MSA‑targeting tax

[−0.1, −1.5] Du, Yin, Zhang (2022) J
Housing Econ; Pavlov,
Somerville, Wetzel
(2024) Real Estate Econ;
Hartley, Ma, Wachter,
Zevelev (2024) J Real
Estate Res

Empty‑homes / vacancy
tax

sign‑only; ambiguous,
central 0

[−0.05, +0.05] Daniele, Otero (2024)
CDH E‑Brief ; Han, Stacey,
Chen (2023) working
paper

Speculation /
non‑principal‑residence
tax

sign‑only; ambiguous,
central 0

[−0.05, +0.05] Davidoff (2025)
Canadian Tax J;
Somerville, Wetzel
(2022); BC Ministry of
Finance admin data

Macroprudential
mortgage stress test (≥ 5
pp LTV or ≥ 100bp
qualifying‑rate buffer)

−2 to −4 pp national
HH/GDP at 24m

[−1.0, −6.0] Allen, Grieder, Peterson,
Roberts (2017) J Fin
Intermediation; BoC SAN
2024‑25; Kuttner, Shim
(2016) J Fin Stab; Clark,
Li (2022) Rev Finance

Federal foreign‑buyer
ban (with pre‑existing
provincial taxes)

sign‑only; weakly
negative or zero, central
0

[−0.1, +0.05] Davidoff (2023 / 2025);
CMHC (2023)
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Australian‑speciϐic calibration: Following Elias, Gillitzer, Kaplan, La Cava, and Prasad (2025), the mortgage
debt channel of monetary policy in Australia is empirically smaller than canonical models suggest, due to house‑
hold liquidity buffers and mortgage redraw facilities. Consumption response to RBA tightening was no more
than 1% at peak, versus 5% predicted by representative‑agent models.
Housing‑cooling rows · qualiϐications and caveats (cross‑applicable to the ϐive housing‑cooling rows added
above): ‑ Sub‑national vs national scaling: Foreign‑buyer transfer tax, vacancy / empty‑homes tax, and specu‑
lation / non‑principal‑residence tax rows are calibrated for sub‑national policies (provincial / MSA‑level) after
metropolitan‑share scaling to national HH/GDP, not the literature’s raw local price elasticity. ‑ Foreign‑buyer
transfer tax share‑scaling rule (formalized in v0.10.8 amendment after BC‑FBT 2016 +Ontario‑NRST 2017 cross‑
MSA validation in §11.13): the Foreign‑buyer transfer tax row central is calibrated for target MSAs with foreign‑
buyer pre‑tax share ≥ 10%. For target MSAs with foreign‑buyer pre‑tax share between 5% and 10%, scale the
row central linearly: elasticityscaled = elasticityrow × (FB_share/10%). Sign‑only treatment below 5% foreign‑
buyer share ϐloor. This share‑scaling rule passed empirical validation at 2‑MSA test (Vancouver~11.5%FBshare
at row central; Toronto ~7% FB share at share‑scaled prediction; both directly hit observed national HH/GDP
at 24m within 0.05 pp absolute gap). ‑ 24m peak vs longer horizon: All ϐive rows anchor on 24m peak effects
for internal consistency with existing rows; 36‑60m persistence is typically smaller (Du‑Yin‑Zhang note Vancou‑
ver effect is temporary; Han‑Stacey‑Chen note short‑run EHT effects reverse). ‑ Multi‑policy attribution: When
multiple housing‑cooling instruments are deployed within a 24m window (e.g., Canada 2016‑2018), individual‑
policy elasticities are jointly unidentiϐied absent within‑market neighborhood‑level DID. The framework’s §11
case‑studyevaluation shouldbundle simultaneoushousing‑coolingpolicies intoportfolio‑level PPLE rather than
assign per‑policy values. ‑ House‑price → mortgage‑debt transmission baseline: Sub‑types 1‑3 import a price‑to‑
debt transmission coefϐicient (~0.6‑0.8 from Mian‑Suϐi 2014 US 2006‑09) that may not hold in Canada / Aus‑
tralia 2017+ due to higher recourse‑mortgage prevalence and lower HELOC penetration. ‑ Construction‑supply
countereffect: Sub‑types 1, 2, 3, 5 may reduce new construction supply, partially reversing affordability gains at
5‑10y horizon (Davidoff 2025). ‑ Macroprudential stress test row · realized‑vs‑central caveat (added in v0.10.8
amendment after §11.13 OSFI B‑20 2018 case + Canada housing‑cooling portfolio bundle attribution decompo‑
sition produced N=2 evidence): the Macroprudential mortgage stress test row central (−2 to −4 pp HH/GDP at
24m)may over‑state realized national HH/GDP impact by 30‑100% in economies with (a) substantial non‑FRFI
mortgage market share (per Clark, Li 2022 Rev Finance ϐinding ~30‑40% migration to credit unions / private
lenders / mortgage investment corporations not subject to OSFI‑style regulation), (b) ϐlow‑stock conversion lag
(24m mortgage‑stock turnover ~20% caps stock effect), (c) concurrent dovish monetary stance partially offset‑
ting (BoC 2019 dovish pivot in the OSFI B‑20 window), and (d) 5y+ ϐixed‑rate mortgage transmission lag delay‑
ing full stock cycle beyond 24m. Use 24m central as upper bound; lower bound is half‑central for economies
satisfying conditions (a)+(b)+(c)+(d). The row central remains the framework’s best ex‑ante prediction absent
country‑speciϐic information on these four factors; pending N=3+ macroprudential validation (APRA service‑
ability buffer 2019, RBNZ LVR caps) before formal row recalibration.

1.7.3 6.3 Five‑tier classiϐication rules

Tier Label Symbol PPLE range
Qualitative
criterion

Strongly
de‑synchronizing

Defuser+ �� > +0.25 Reduces stress in
most‑stressed
dimension while
building buffer in
others

Weakly
de‑synchronizing

Defuser � +0.05 to +0.25 Modestly reduces
stress with limited
spillover

Neutral — � −0.05 to +0.05 Approximately
offsetting effects
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Tier Label Symbol PPLE range
Qualitative
criterion

Weakly
synchronizing

Fuse � −0.25 to −0.05 Transfers stress
between
dimensions

Strongly
synchronizing

Fuse+ �� < −0.25 Substantially
transfers stress to a
more‑stressed
dimension

1.7.4 6.4 Tail‑PPLE for non‑linear policies

A subset of policies exhibit non‑linear PPLE: their effect on PLDI varies non‑monotonically over time or across
stress conditions. Monetary ϐinancing is the canonical example. In the short term (1‑3 years), monetary ϐinanc‑
ing of ϐiscal deϐicits appears strongly de‑synchronizing: the C dimension stabilizes as funding pressure eases,
A may even decline as ϐiscal stress reduces. In the medium term (3‑10 years), if inϐlation expectations unan‑
chor, A breaches catastrophically and the policy becomes severely synchronizing. Argentina, Turkey, Venezuela,
Zimbabwe, and Weimar Germany all exhibit this pattern.
For such policies, we recommend evaluation by Tail‑PPLE:
Tail‑PPLE_p = E[PPLE_p | scenario in worst 25% of outcomes]

This is analogous to the Conditional Value at Risk concept in ϐinancial risk management. Tail‑PPLE captures the
policy’s effect on dual breach probability conditional on the bad‑tail outcomes that the expected PPLE under‑
states.

1.7.5 6.5 Identiϐication challenges

Three identiϐication challenges deserve explicit discussion.
Challenge 1: Selection bias in policy timing—Policies are typically enacted in response to observed pressure
on speciϐic dimensions. Naive PPLE estimation may attribute pre‑existing dimensional pressure to the policy
itself. We address through counterfactual baseline construction that explicitly models the pre‑policy trajectory.
Challenge 2: General equilibrium effects— Each policy affects multiple dimensions through general equilib‑
rium channels. Our partial‑equilibrium response functions simplify these multiple channels into single dimen‑
sional effects. A full GE PPLE estimation would require structural model implementation, identiϐied as priority
for subsequent research.
Challenge 3: Time inconsistency — PPLE estimated at one point in time may not equal PPLE estimated at
another time, because the underlying dimensional conϐiguration changes. We address by computing PPLE con‑
ditional on the current macroeconomic state, and explicitly noting that PPLE should be re‑estimated as the con‑
ϐiguration evolves.
Three‑tier identiϐication hierarchy adopted in this paper. The three sub‑sections that follow address the
monetary‑policy PPLE identiϐication problem at three distinct levels of statistical rigour:

• §6.5a · Primary identiϐication · Cross‑country panel local projection on 17 advanced economies
(𝑛 = 553–1,190 country‑quarters; peak 𝑡 = −3.08 on PLDI_pr at ℎ = 13). This is the framework’s head‑
line empirical case for monetary‑policy PPLE: a 17‑country panel with country‑clustered standard errors
and harmonised high‑frequency monetary policy shocks from ϐive published sources (Jarocinski‑Karadi
2020, Braun‑Miranda‑Agrippino‑Saha 2025, Altavilla et al. 2019, Hambur‑Haque 2023, Bolhuis‑Das‑Yao
2024). The substantial cross‑country sample, robust SE clustering, and multi‑source HF identiϐication
together constitute the strongest causal evidence for the framework’s central credit‑cycle mechanism.
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• §6.5b · Australia country case study · AUS‑only LP analysis with Hambur‑Haque (2023) shock (𝑛 =
60 quarterly observations 2005‑Q1 through 2019‑Q4). This is the original AUS‑only single‑country imple‑
mentation that motivated the subsequent cross‑country panel extension. It is preserved as a country case
study for Australia 2026 application context, with explicit transparency on the small‑sample limitation
(HAC vs moving‑block bootstrap CIs in §6.5b “Honest summary”). The §6.5a panel evidence supersedes
§6.5b as the primary identiϐication claim.

• §6.5c · Robustness check · Indirect identiϐication via Taylor‑Rule gap (𝑃𝑃𝐿𝐸 ≈ −0.45 central point
estimate, 90% CI [−0.65, −0.25]). This is the indirect, structural‑economic identiϐication of the monetary
PPLE through the static Taylor‑Rule benchmark gap, computed for the §8.3 Australian portfolio. It is pre‑
served as robustness check rather than primary identiϐication because the elasticity calibration involves
judgment that the direct HF‑shock evidence in §6.5a / §6.5b does not.

The three sub‑sections are presented in descending order of statistical rigour to align the §1.2 contribution
hierarchy with the §6 identiϐication hierarchy.

1.7.6 6.5a Primary identiϐication · Cross‑country panel local projection on 17 advanced economies

The framework’s primary causal identiϐication of monetary‑policy PPLE is a Jordà (2005) local‑projections anal‑
ysis on a 17‑country panel of harmonised high‑frequency monetary policy shocks. This sub‑section reports the
panel speciϐication, headline result, and bridge to the Australia country case study in §6.5b. The §6.5c indirect
Taylor‑Rule estimate is preserved as a structural‑economic complementary robustness check.
Panel construction. The panel uses ϐive published high‑frequency monetary policy shock series, harmonised
under the Gürkaynak‑Sack‑Swanson (GSS) tightening‑positive sign convention. The ϐive sources span six
monetary‑policy entities, with the euro‑area entity expanded to its twelve member countries (DEU, FRA, ITA,
ESP, NLD, PRT, IRL, FIN, AUT, BEL, GRC, LUX) under the single‑ECB‑shock structure:

• United States: Jarocinski and Karadi (2020) Fed‑funds‑futures‑based shocks decomposed into Monetary
Policy (MP) and Central Bank Information (CBI) components via sign‑restricted PCA on FOMC‑window
interest‑rate‑derivative surprises, updated through 2024‑Q1 by the original authors.

• United Kingdom: Braun, Miranda‑Agrippino, and Saha (2025) UK Monetary Policy Event‑Study Database
(UKMPD) decomposing MPC‑ and press‑conference‑window asset‑price surprises into Target, Path, and
QE factors over 1997 through 2026‑Q1.

• Euro area: Jarocinski‑Karadi methodology applied to Altavilla, Brugnolini, Gürkaynak, Motto, and Ragusa
(2019) EA‑MPD intraday OIS surprises, replicated across the 12 euro‑area member countries in the D3b
panel.

• Australia: Hambur and Haque (2023) Action shock used in §6.5b, sign‑ϐlipped to align with the GSS con‑
vention adopted for the panel (positive shock = tightening surprise).

• Canada and Japan: Bolhuis, Das, and Yao (2024) IMFWP 24/224 cross‑country standardised shock series
(daily change inOIS rate aroundCBannouncement). Bolhuis covers 21 advanced economies under a single
standardisedmethodology; we use it as the primary shockmeasure for Canada and Japan (where country‑
speciϐic richer series are not publicly available) and as a methodology‑mix robustness mirror for USA /
GBR / Euro / AUS where richer series are also used.

The ϐive sources are harmonised to quarterly basis points under the GSS sign convention via within‑quarter
cumulative sum. Sign alignment between Bolhuis and the country‑speciϐic richer series is veriϐied ex post via
the quarterly correlation between Bolhuis‑USA and Jarocinski‑Karadi‑USA (Pearson r = +0.650, n = 73 quarters),
conϐirming GSS‑aligned signs.
Speciϐication. We estimate

𝑦𝑖,𝑡+ℎ − 𝑦𝑖,𝑡−1 = 𝛼ℎ𝑖 + 𝛽ℎ ⋅ shock𝑖,𝑡 +
4

෍
𝑙=1

𝛾𝑙,ℎ 𝑦𝑖,𝑡−𝑙 + 𝜀ℎ𝑖,𝑡+ℎ ,

separately at each horizon ℎ = 0,… , 16 quarters, with country ϐixed effects 𝛼ℎ𝑖 and standard errors clustered on
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country. Estimation sample is 2001‑Q1 through 2019‑Q4 (chosen for compatibility with AUS coverage). Effec‑
tive sample varies with outcome availability: 𝑛 = 553–1,190 country‑quarters across 14–17 entities.
Headline result. The impulse response of pseudo‑real‑time PLDI to the harmonised tightening shock exhibits
a sharp negative response at the credit‑cycle horizon:

Outcome ℎ 𝛽ℎ 𝑡 𝑝 𝑛
pldi_pr 4 −0.0023 −3.70 0.0002 663
pldi_pr 13 −0.0029 −3.08 0.0020 553
d_h_pr (HH distance) 14 −0.0036 −2.77 0.0075 808
d_a_pr (CPI distance) 13 −0.0048 −3.98 0.0001 824
d_c_pr (Unemp distance) 13 −0.0095 −2.21 0.0270 553

Negative 𝛽 under the GSS convention means an unexpected tightening reduces PLDI — that is, the four ABCH
dimensional distances converge toward the crisis zone. This is the dynamical signature of phase locking under
monetary stress predictedby the §3.3mechanism inventory. Themost sustainedly signiϐicant individual channel
is the household‑debt distance dimension d_h_pr, with |𝑡| > 2.5 across ℎ = 12 through ℎ = 16.
Bridge to AUS‑only result (§6.5b). The panel point estimate is the same‑direction analog of the AUS‑only
estimate of 𝛽 = +0.027 in §6.5b once the sign‑convention difference is reconciled: §6.5b uses the Hambur‑
Haque dovish‑positive convention (𝛽 > 0 implies dovish shock raises PLDI), whereas the panel uses the GSS
tightening‑positive convention (𝛽 < 0 implies tightening shock lowers PLDI). Both formulations agree that
monetary easing increases PLDI buildup, with the panel evidence providing a substantially larger sample (n >
1,000 vs n=60). Thepanel estimatemagnitude |𝛽| ≈ 0.003 is roughly one order smaller than theAUS‑only |𝛽| =
0.027, consistent with country heterogeneity in monetary transmission: Australia’s mortgage‑dominated bank‑
intermediated credit system likely transmits monetary shocks to household‑debt accumulation more strongly
than the panel average across 17 advanced economies with varying ϐinancial structures. Australia thus reads as
a high‑transmission country within the panel rather than a typical case.
Textbook macro outcomes conϐirm. Auxiliary regressions on standard macro outcomes carry conventional
monetary‑transmission signs: CPI YoY 𝛽ℎ=4 = −0.0150 (t = −1.98, tightening lowers inϐlation at the stan‑
dard 1‑year horizon); unemployment rate 𝛽ℎ=7 = +0.0259 (t =+2.49, tightening raises unemployment over
1.5 to 2 years); government debt‑to‑GDP 𝛽ℎ=8 = +0.1242 (t = +2.13, countercyclical ϐiscal response and
automatic stabilisers during post‑tightening contraction); household debt‑to‑GDP 𝛽ℎ=8 = +0.0662 (t =
+2.50, sustained positive through ℎ = 16, reϐlecting the GDP‑denominator effect of contraction raising the debt‑
to‑GDP ratio). These textbook responses validate the panel LP pipeline and indicate the PLDI response reϐlects
a genuine policy‑induced movement toward synchronised macroeconomic stress.
Caveats speciϐic to thepanel. Three caveats: (i) the single euro‑areaMPshock ismechanically replicated across
all 12 EA member‑country panel rows under the single‑ECB‑authority structure, which ignores documented
cross‑country heterogeneity in EAmonetary transmission andwhich we identify as a future reϐinement; (ii) the
Bolhuis series provides a single MP shock per CB announcement without the factor decomposition available
in JK or UKMPD, so for Canada and Japan we cannot replicate the §6.5b dimension‑mechanism decomposition;
(iii) Bolhuis‑Japan begins 2009‑Q4 during the BOJ unconventional‑policy period, contributing only 41 country‑
quarters versus 76 for full‑window entities. None of these caveats overturns the qualitative panel ϐinding.
Full IRF tables and panel‑entity composition appear in §A.6.7. Combined with the §6.5b AUS‑speciϐic evidence
and the §A.6.5 information‑effect external validation, the §6.5apanel evidence is the framework’s primary causal
identiϐicationof the credit‑cyclehypothesis. Replication code ind3b_data/scripts/53_build_hf_shock_panel.py,
54_expand_eur_and_merge.py, and55_panel_lp_irf.py. Tabulated full IRF results inoutputs/panel_lp_irf_results.csv
andaudit report inoutputs/panel_lp_irf_audit.md; IRF ϐigures inoutputs/panel_lp_irf_{outcome}.png
for the nine estimated outcomes.
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1.7.7 6.5b Australia country case study · AUS‑only LP with Hambur‑Haque (2023) shock

The §6.5a primary identiϐication uses a 17‑country panel that includes Australia (Hambur‑Haque 2023 shock,
sign‑ϐlipped under GSS convention). This sub‑section reports the AUS‑only direct LP analysis, which preceded
the cross‑country panel extension. The AUS‑only LP is preserved as a country case study for the Australia 2026
application context (§7–§10) and as an internal‑consistency check on the §6.5a panel result. The §6.5a panel
evidence supersedes thisAUS‑only LP as the framework’s primary causal identiϐication claim; readers interested
in cross‑country generality should treat §6.5a as the headline empirical case and read §6.5b as Australia‑speciϐic
illustration.
Weuse theHambur andHaque (2023) RBAResearchDiscussion Paper 2023‑04 high‑frequencymonetary policy
shock series for Australia. The published series decomposes RBA event‑day yield‑curve surprises into three
orthogonal components—Action (target‑rate decision surprise), Path (forward‑guidance surprise), and Premia
(direct term‑premium / risk‑premium channel) — via principal‑component analysis on the expected‑rate and
term‑premium decomposition of yield‑curve changes, following the methodology of Kaminska, Mumtaz, and
Sƽustek (2021). The published baseline series covers 199 monthly observations from 2001m4 to 2019m12. We
aggregatemonthly shocks to quarterly via cumulative within‑quarter sum (following Cloyne and Hürtgen 2016)
and merge with the Australian slice of the pseudo‑real‑time PLDI panel.
Sign convention. Following the Hambur and Haque convention, a positive shock denotes an unexpected easing
(dovish surprise) — a downward yield‑curve revision relative to market pricing. A positive β in the impulse
response of any outcome y to a positive shock therefore indicates that y rises following an unexpected loosen‑
ing of policy, which is the conventional credit‑channel sign for credit growth, asset prices, and inϐlation. This
convention is the opposite of the Gürkaynak‑Sack‑Swanson convention in which positive MP shocks denote con‑
tractionary surprises; readers comparing IRFs to other monetary‑policy‑shock literatures should account for
the sign ϐlip.
Estimation. We estimate Jordà (2005) local projections of the pseudo‑real‑time PLDI on the three shock series,
with 4 lags of both y and shock as controls and Newey‑West HAC standard errors with truncation lag h + 1. The
speciϐication is

Δ𝑦𝑡+ℎ = 𝛼ℎ + 𝛽ℎ ⋅ shock𝑡 +
4

෍
𝑙=1

𝛾𝑙,ℎ 𝑦𝑡−𝑙 +
4

෍
𝑙=1

𝛿𝑙,ℎ shock𝑡−𝑙 + 𝜀𝑡+ℎ ,

where Δ𝑦𝑡+ℎ = 𝑦𝑡+ℎ − 𝑦𝑡−1 is the cumulative h‑quarter response from the pre‑shock anchor. Effective sample
after lag and pre‑shock‑anchor restrictions is 2005‑Q1 through 2019‑Q4 (n = 60 quarterly observations).
Main result. The impulse response of pseudo‑real‑time PLDI to the Action shock exhibits two distinct phases:
a near‑zero response at horizons h = 0–10 (no point estimate exceeds |β| = 0.006 in the ϐirst 2.5 years; all 90%
HAC CIs include zero), followed by a delayed positive response peaking at h = 12 with β = +0.027 (HAC 95% CI
[+0.019, +0.034]; t = +6.61). The timing of this delayed response — 2.75 to 3.25 years post‑shock — coincides
with the typical credit‑cycle peak lag documented in Schularick and Taylor (2012) for cross‑country panels of
monetary‑easing episodes, and with the BIS ϐinancial‑cycle peak frequency identiϐied in Borio (2014, 2018).
Mechanism decomposition. Decomposing the response by the four PLDI dimensions reveals which channels
propagate the monetary shock:

• Household‑debt distance (d_a_pr): positive response peaking at h = 5 (β = +0.036, t = +1.73). Consistent
with the conventional credit channel—unexpected easing raises household debt accumulation over a 1–2
year horizon.

• CPI distance (d_b_pr): negative response peaking at h = 15 (β = −0.055, t = −1.66). The negative sign on a
“dovish” Action shock is consistent with the information‑effect interpretation — dovish action surprises
signal RBA private pessimism about inϐlation, lowering rather than raising inϐlation expectations.

• Unemployment distance (d_c_pr): negative response (closer to NAIRU) peaking at h = 5 (β = −0.021, t =
−1.48). Labour‑market channel: easing lowers unemployment distance over 1–2 years.
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• Government‑debt distance (d_h_pr): inert. Peak |β| = 0.005 (t = −1.04), no horizon achieves statistical
signiϐicance. Fiscal independence from monetary policy is preserved.

Three of the four PLDI dimensions activate under monetary shocks; the government‑debt dimension does not.
This is consistent with the framework’s premise (§3.4, §6.5c indirect Taylor‑Rule complement) that PLDI cap‑
tures monetary‑ϐiscal coupling but not pure ϐiscal channels — monetary policy can move dimensions A, B, and
C, but the H dimension responds to ϐiscal rather than monetary instruments.
Reproduction of the Hambur–Haque “Yes and No” ϐinding. Hambur and Haque (2023) document that high‑
frequency monetary shocks transmit cleanly through ϐinancial variables (the “yes” of their title) but exhibit
information‑effect contamination on real variables (the “no” — output, inϐlation, unemployment exhibit per‑
verse signs). Our LP estimates reproduce this asymmetry. The Action shock yields a perverse positive coefϐi‑
cient on unemployment at h = 1 (β = +0.084, t = +4.21), inconsistent with a pure expansionary effect but consis‑
tent with the information‑effect interpretation that dovish action signals private RBA pessimism about future
labour‑market conditions. By contrast, the Path shock — which captures innovations in expected future rate
paths rather than the current decision — yields a clean negative coefϐicient on unemployment at h = 1 (β =
−0.072, t = −2.71), the traditional MP‑transmission sign. This pattern provides external validation that our LP
pipeline correctly reproduces a known property of the Hambur–Haque shock series.
Robustness (full tables in §A.6):

1. L = 2 lag‑order reduction (relieves degrees‑of‑freedom pressure: 6 regressors vs. 10): peak at h = 12 re‑
duces only to β = +0.022 (t = +4.18, n = 62). The IRF is not an over‑ϐitting artifact of the L = 4 speciϐication.

2. GFC‑excluded subsample (removing 2008‑Q1 through 2009‑Q4 from the regression sample while preserv‑
ing these observations as lag controls): peak at h = 12 is β = +0.035 (t = +2.06, n = 52). The point estimate
strengthens, not weakens; the h = 11–13 spike is not driven by the extreme +10.9 / −5.7 action shocks of
2008‑Q4 / 2009‑Q1.

3. Moving‑blockbootstrap (Brüggemann, Jentsch, andTrenkler 2016pair‑block resamplingon (Y, X) rows, B=
2000 replicates, block length 4 quarters): 95%bootstrap CI at h = 12 is [−0.002, +0.061]— approximately
four timeswider than theHAC interval, and including zero. TheHACstandard errors aredownward‑biased
on the single‑country n = 60 sample by roughly a factor of four.

Honest summary. The point estimate is directionally robust across all three speciϐications: sign, magnitude (β
∈ [+0.022, +0.035] at the peak), and timing (peak at h = 11–13) all replicate. However, the small single‑country
sample limits statistical precision. Under the moving‑block bootstrap— the appropriate inference standard for
time‑series regression at this sample size — 95% CIs at the h = 11–13 peak include zero in the baseline speciϐi‑
cation. We therefore interpret the result asdirectional evidence consistentwith the credit‑cycle hypothesis
that easy monetary policy contributes to PLDI build‑up over a 2.5–3.5 year horizon, with statistical strength in‑
sufϐicient to claim a sharp causal effect from this Australia‑only sample alone. Combined with the cross‑country
evidence in §8 (33‑country panel, joint AUC = 0.853, lift 8.4× at top‑20% threshold) and the dimension‑level
mechanism documented here, the LP results provide complementary directional support for the framework’s
central claim that monetary easing is a quantitatively important source of synchronization risk.
Relation to other identiϐication methods. The AUS‑only LP estimate is qualitatively consistent with the indi‑
rect PPLE of −0.45 from §6.5c (Taylor‑Rule gap robustness check): both indicate that monetary easing system‑
atically increases PLDI synchronization risk. The two estimates differ in units (PPLE is in normalized risk‑cost
units; LP β is in PLDI‑distance units), but they agree on sign, on dimensional channel (A, B, and C activate; H
does not), and on approximate magnitude relative to other policy instruments in the §8.3 portfolio. The §6.5a
cross‑country panel extension of this AUS‑only LP exercise (using harmonised high‑frequency shock series from
Jarocinski‑Karadi, UKMPD, Altavilla et al., Bolhuis et al., and the sameHambur‑Haque source used here) substan‑
tially tightens statistical precision: the panel n > 1,000 country‑quarterswith country‑clustered standard errors
achieves peak |𝑡| = 3.7 versus the AUS‑only HAC peak 𝑡 = 6.6 that the MBB bootstrap reveals as downward‑
biased on the n = 60 sample.
Replication code in d3b_data/scripts/50_aggregate_rba_shocks.py, 51_local_projections.py, and
52_lp_robustness.py. Tabulated full IRF results inoutputs/lp_irf_results.csv andoutputs/lp_robust_irf.csv.
IRF ϐigures inoutputs/lp_irf_action.png, lp_irf_path.png, lp_irf_premia.png, lp_robust_pldi_action.png,
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lp_robust_dims_action.png, and lp_robust_pldi_3shocks.png.

1.7.8 6.5c Robustness check · Indirect identiϐication via Taylor‑Rule gap

As a complementary structural‑economic robustness check on the §6.5a / §6.5b direct LP estimates, we report
the indirect monetary‑policy PPLE recovered from the Taylor‑Rule benchmark gap. This indirect approach was
the original identiϐication of themonetary PPLE in the SSRN‑locked version (abstract ID 6742863, 2026‑05‑10);
subsequent work moved direct HF‑shock LP identiϐication to the primary position (§6.5a). The two approaches
agree on sign and dimensional channel; the indirect estimate is preserved here because (i) the elasticity cali‑
bration provides explicit policy‑portfolio mapping for §8.3, (ii) the structural‑economic interpretation is more
transparent for policy audiences, and (iii) the indirect‑and‑direct convergence is itself substantive evidence.
The PPLE estimate for “RBA accommodative stance vs Taylor Rule” deserves separatemethodological note from
the discrete‑policy portfolio entries in §8.3, because monetary stance is not a discrete policy with a single ϐis‑
cal cost. We compute it as the implicit ϐiscal subsidy of holding cash rate below the Taylor Rule benchmark,
multiplied by the elasticity bounds in §6.2.
Procedure: 1. Compute Taylor Rule benchmark: r* ≈ 5.5‑6.0% 2. Actual cash rate: 4.35% 3. Gap: 115‑165bp
accommodative 4. Apply monetary tightening elasticities in reverse to identify the implicit dimensional effects
5. Express as implicit % GDP cost via macro stress reduction equivalent
The resulting PPLE point estimate of −0.45 reϐlects systematic bias in currentmonetary stance toward suppress‑
ingAandBpressureswhile consumingHbuffer (sustainedmortgagedebt accumulation) andCbuffer (sustained
inϐlation expectations risk). The 90% interval [−0.65, −0.25] reϐlects uncertainty in Taylor benchmark, elastici‑
ties, and “implicit cost” calibration.
This estimate is the largest single negative PPLE in the Australian portfolio. If approximately correct, monetary
policy itself is the principal source of synchronization risk, dominating ϐiscal cross‑subsidies in magnitude. We
treat this as the most important and most uncertain estimate in the §8.3 portfolio; the §6.5a panel LP evidence
and the §6.5b AUS‑only LP evidence both reach the same qualitative conclusion (monetary easing systematically
increases PLDI synchronization risk) via methodologically‑independent direct causal identiϐication, providing
convergent validation of the indirect Taylor‑Rule estimate.

1.7.9 6.6 Comparison to existing policy evaluation tools

PPLE complements rather than replaces existing tools:

Tool What it measures Limitations
Fiscal impact statement (PBO) Direct cost to budget Misses systemic risk effects
Cost‑beneϐit analysis (PC) Net welfare effect Treats variables independently
Distributional analysis Equity effects Misses macro‑ϐinancial coupling
Climate impact analysis Greenhouse gas emissions Different domain
PPLE Effect on synchronized crisis

risk
Requires PLDI assumptions

1.8 7. Empirical Setting: Australia 1959‑2026
1.8.1 7.1 Data sources

Construction of the Australian PLDI time series requires consistent quarterly data on four dimensions over 65+
years. We use:
A (Inϐlation): ABS Catalogue 6401.0, Series ID A2325847F, 1948‑Q3 to 2026‑Q1, full sample.
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B (Unemployment): ABS Catalogue 6202.0, Series ID A84423050A, 1978‑Q1 to 2026‑Q1. Pre‑1978 extension
using OECD harmonized unemployment series.
C (Federal net debt as % GDP): Treasury Budget Papers (Statement 7), ABS GFS Catalogue 5512.0, IMF WEO
Database. Quarterly interpolation 1980‑2000.
H (Household debt as % GDP): BIS Total Credit Statistics, 1977‑Q1 to 2025‑Q3. Cross‑validated against RBA
Statistical Tables E2.
We construct the four‑dimensional PLDI from 1977‑Q4 onward (~195 quarterly observations through 2026‑
Q1).

1.8.2 7.2 Threshold and sigma calibration for Australian historical analysis

Using calibration A (theoretical thresholds), the parameters for the Australian PLDI:

Dimension Threshold τ Sigma σ Rationale
A (upper) τ_A_upper = 6.0% σ_A_upper = 2.0 RBA upper target band ×

2
A (lower) τ_A_lower = 0.0% σ_A_lower = 1.5 Fisher debt‑deϐlation

threshold; d_A =
min(d_A_high, d_A_low)

B 7.0% 1.5 NAIRU 4.5% × 1.55
C 60% 15 OECD warning threshold
H 130% 20 P95 of historical data

1.8.3 7’.2 Canada threshold and sigma calibration

The Canada P3 application (data acquisition audit d3b_data/outputs/canada_p3_phase1_audit.md; PLDI
computation canada_p3_phase2_audit.md) supplies the parallel Canadian calibration. Two regimes are re‑
ported: Calibration A uses the AUS‑tuned theoretical thresholds of §4.2 / §7.2 unchanged, which is the canon‑
ical regime for cross‑case comparability in the §11.13a‑e ex‑post validation set; Calibration B uses Canada‑
speciϐic historical P95 thresholds derived from the full Canada panel (1915‑2025 on each dimension where
available), which is the deployment‑appropriate regime for §8’.3 current‑state PPLE assessment.
Table 7’.2 · Calibration B thresholds and sigmas, Canada (full‑sample P95)
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Dimension τ (Cal B) σ (Cal B) Sample window n

Rationale for
Canada‑speciϐic
value

A (upper, CPI
YoY P95)

11.47% 4.76 1915‑Q1 →
2026‑Q1

445 Canada CPI
volatility
1915‑2025
dominated by
WWI/WWII/1970s
stagϐlation; P95
well above AUS
τ_A_upper =
6.0% reϐlects
the longer
pre‑1980
high‑inϐlation
tail in Canadian
history. Cal B
treats
post‑1980 CPI
breaches as
within‑
distribution.

A (lower, CPI
YoY P5)

−2.56% 4.76 1915‑Q1 →
2026‑Q1

445 Canada
deϐlation
episodes 1921 /
1930‑32 / 1939
anchor the P5
well below AUS
τ_A_lower =
0.0%; same
hyperinϐlation‑
symmetric σ as
the upper side.
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Dimension τ (Cal B) σ (Cal B) Sample window n

Rationale for
Canada‑speciϐic
value

B (Unemploy‑
ment P95)

11.30% 2.04 1955+ 285 Canada’s
structurally
higher
post‑1980
unemployment
mean (~7.6%
vs AUS ~6.5%)
and the 1980s +
1992‑93
cyclical peaks
(>11.5%) lift
the P95 above
AUS τ_B = 7.0%.
Cal A τ_B =
7.0%
misclassiϐies
current Canada
unemp 7.1% as
breach (d_B at ε
ϐloor); Cal B
keeps d_B well
above ϐloor.

C (Gov debt
%GDP P95,
hybrid)

65.98% 13.82 1968+ 236 Anchored by
the 1995
Chretien ϐiscal
peak at
~66.6%;
provides
Canada‑speciϐic
buffer that
absorbs the
2020 COVID
stimulus +
2025‑2026
NATO 2%
acceleration
without
phase‑locking
pressure. AUS
effective τ_C ≈
60%.
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Dimension τ (Cal B) σ (Cal B) Sample window n

Rationale for
Canada‑speciϐic
value

H (Household
debt %GDP
P95)

104.74% 24.37 1969+ 227 Canada
household debt
has trended
above 100% of
GDP since
2013; the P95
is essentially
at‑current‑level.
d_H is near the
ε ϐloor at
2025‑Q3
reading
100.2%,
making Cal B
Canada’s
H‑channel the
binding
dimension. AUS
τ_H = 130%
provides much
more cushion at
the AUS 113.7%
reading.

The Canada Cal B regime ismore permissive than Cal A onB, C, andH (the structurally higher Canadian baselines
normalize), and tighter on A (Canadian CPI volatility across 1915‑2025 is high). The two calibrations produce
mirror‑image current‑state stress diagnoses: Cal A ϐloors B (AUS‑tuned τ_B = 7.0% sits 0.1 pp below current
Canadian unemployment 7.1%); Cal B ϐloors H (Canada‑speciϐic τ_H = 104.74% sits 4.5 pp above current house‑
hold debt 100.2%). Both classify Canada at 2025‑Q3 as single‑dimension‑ϐloored under their respective binding
dimension. Section 8’.3 uses Cal B as the deployment‑canonical regime for current‑state PPLE assessment be‑
cause Cal A is structurally mis‑speciϐied for Canada deployment at the present unemployment conϐiguration;
§13.8.4 re‑runs the entire per‑policy bootstrap under Cal A as a calibration‑sensitivity robustness check and
reports the cross‑calibration BoC easing line sign‑ϐlip (Fuse+ under Cal B; Defuser+ under Cal A) as the single
most consequential calibration sensitivity in the Canada §8’.3 result.
Calibration split rationale across §11.13a‑e and §8’.3 / §10’: The §11.13a‑e Canada Phase 3 ex‑post valida‑
tion cases (paper §11.13) use Cal A throughout for cross‑case comparability with the §11.4‑§11.12 reference
10‑case set, which is also Cal A‑based. The §8’.3 current‑state PPLE assessment and §10’ Sequenced Demolition
counterfactual use Cal B because the deployment‑appropriate question— “what does the framework say about
Canada’s current conϐiguration?” — requires Canada‑tuned thresholds rather than AUS‑tuned thresholds. The
§13.8.4 robustness re‑run under Cal A conϐirms that the qualitative cross‑country conclusion (“Canada policy
portfolio is less synchronizing than Australia’s at the same point in the cycle”) is calibration‑invariant—Canada
is at least 0.13 less negative than AUS’s aggregate PPLE under both calibrations — even though the directional
reading of the Canada portfolio itself ϐlips between Cal A (+0.307, Defuser+) and Cal B (−0.085, marginal Fuse).
Sigma sensitivity to ±50%scaling: The Canada Cal B sigmas reported above are illustrative of the deployment‑
canonical Canada‑speciϐic calibration. A ±50% scaling of each σ does not ϐlip the sign of the §8’.3 aggregate Cal
B PPLE (which remains in the [−0.04, −0.13] envelope across the scaling range), and is reported in §13.8.4 as
illustrative rather than as a full bootstrap grid. The threshold values themselves (τ_C = 65.98%, τ_H = 104.74%,
etc.) are the binding choices for the §8’.3 reading; sigma scaling produces second‑order sensitivity that is small
relative to the threshold sensitivity documented in §13.8.4.
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1.8.4 7.3 Australia historical PLDI: key observations

1977‑1980 · Stagϐlation aftermath: PLDI 0.40‑0.80, reϐlecting elevated inϐlation (8‑12%) and rising unemploy‑
ment.
1980‑1989 · Disinϐlation and Hawke‑Keating reforms: PLDI gradually improves from 0.80 to 1.50.
1989‑1992 · “Recession we had to have”: PLDI collapses from approximately 1.30 to 0.11 in 1990‑Q4. Dual
breach of A (CPI 6.9%) and B (unemployment 8.4%). Convergence in C and H within 24 months.
1996‑2007 · The “Great Moderation” Australian variant: PLDI rises to peak values around 1.97 (2005‑Q4).
Resources boom, ϐiscal consolidation, low inϐlation. However, household debt rose continuously from 60% to
95% of GDP.
2008‑2010 · Global Financial Crisis aftermath: Australia’s PLDI fell to 1.56 in 2008‑Q4, in warning zone but
well above Talon Threshold. The household debt dimensionwas the binding constraint, but A, B, and C provided
substantial buffer. Australia avoided dual breach.
2010‑2019 · Slow deterioration: PLDI declines from 1.69 to 1.28. Household debt rose from 105% to 121%
of GDP. Cumulative erosion of buffers.
2020 · COVID shock: PLDI fell to 0.65 in 2020‑Q4 (under the corrected two‑sided A formula; the legacy single‑
sided reading was 0.93, reclassiϐied per §8.1). Unusual conϐiguration: A in deϐlation, B partially breached, C
deteriorated rapidly, H held stable by extraordinary policy support.
2021‑2023 · Inϐlation surge and Hidden Phase Locking: PLDI fell to 0.44 in 2022‑Q4—deeper than 1991—
but received minimal attention. A breached, B at extreme low, C deteriorating, H stable. Avoided crisis through
(1) RBA aggressive tightening, (2) resources boom, (3) labour market tightness.
2024‑2026 · Current state: PLDI recovered to 1.32 (2025‑Q4) before declining to 1.16 (2026‑Q1). A distance
0.70, B distance 1.80, C distance 1.73, H distance 0.815. A and H are both within 1.0 distance of breach.

1.8.5 7.4 Cross‑subsidy policy inventory: 2024‑2026

Policy Enactment Annual cost Primary dimension Cross‑subsidized to
Fuel excise relief /
fuel subsidies

2022‑2024
(recurring debate)

~$2.5‑3bn
equivalent / year

A C

Energy rebate
($300/household)

2024‑25 ~$2.5bn A C

HELP/HECS 20%
reduction

2025 $12bn (one‑off) H C

Stage 3+ tax cuts
(extended)

2026‑07 ~$17bn H/B C

Future Made in
Australia

2024‑2034 ~$2.3bn/year B C

National
Reconstruction
Fund

2023+ ~$1.5bn/year B C

First Home
Guarantee
expansion

2024+ ~$0.5bn/year H C

NDIS expansion continuing ~$3bn/year
increment

B/H C

Olympic
infrastructure
(federal)

2024‑2032 ~$2.5bn/year B C
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Policy Enactment Annual cost Primary dimension Cross‑subsidized to
Defence to 3% GDP
by 2033

2024+ ~$5bn/year
increment

B C

RBA
accommodative
cash rate

continuing implicit (Taylor gap
× duration)

A buffering C / future

Total annual ϐiscal cost (incorporating fuel relief, excluding RBA implicit monetary cost): approximately $48‑52
billion, or 1.6‑1.8% of GDP.

1.8.6 7’.4 Canada cross‑subsidy policy inventory: 2024‑2026

Canada’s 2024‑2026 active policy portfolio spans federal monetary, simultaneous ϐiscal expansion + ϐiscal con‑
solidation tensions, housing macroprudential, and provincial sub‑federal additions. Unlike the Australian port‑
folio (§7.4) where 11 of 14 policies are continuations of Labor‑government legacies plus monetary stance, the
Canadian portfolio is structurally split by amid‑period regime change: the Trudeau Liberal minority govern‑
ment to Mar 2025, followed by Mark Carney’s Liberal‑led government from Mar 2025 onward, with the latter
actively reversing three Trudeau‑era Defuser‑candidate ϐiscal‑consolidation measures under combined
trade‑war and electoral pressure. We enumerate 14 active or recently‑active policies satisfying the §6 PPLE
evaluation criteria — four federal monetary / macroprudential, six federal ϐiscal (split 3 Trudeau‑legacy + 3
Carney‑era), one regulatory‑onlymacroprudential package, and three provincial / sub‑federal Defuser‑direction
measures.
Policy convention for the three Carney reversals: per §6.1 PPLE‑attribution rules, a policy that was imple‑
mented and then reversed is evaluated for PPLE as if fully implemented at central elasticity, with the sign
ϐlipped to reϐlect the foregone Defuser effect. This convention treats the reversal as the policy action of interest;
the original implementation period (typically 3‑15 months for the three reversed policies) is treated as a small
countervailing offset that is absorbed into the bootstrap CI rather than separately modelled. Applied uniformly
to: carbon tax repeal Apr 2025, capital gains hike cancellation Mar 2025, DST rescission Jun 2025. The fuel
excise suspension (Apr 2026 onwards) is a forward‑looking active policy and is modelled as such, not under the
reversal convention.
Table 7’.4 · Canada Policy Portfolio Inventory · 2024‑2026

# Policy Enactment
Annual ϐiscal
cost

Primary
dimension

Cross‑
subsidized to Regime

1 BoC 2024‑25
easing cycle
(5.00% →
2.75%)

2024‑06 →
2025‑04

implicit
(Taylor gap ×
duration)

A buffering H
consumption

BoC

2 Carbon tax
repeal

2025‑04
(Trudeau‑era
policy
rescinded)

~CAD 8
bn/yr
foregone
revenue
(~0.30%
GDP)

A C Carney
(reversal)

3 Capital gains
hike
cancellation

2025‑03
(Trudeau
Jun‑2024
50→67%
inclusion
hike
rescinded)

~CAD 6.6
bn/yr
foregone
revenue
(~0.25%
GDP)

C C Carney
(reversal)
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# Policy Enactment
Annual ϐiscal
cost

Primary
dimension

Cross‑
subsidized to Regime

4 DST
rescission

2025‑06
(under
Trump tariff
threat)

~CAD 2.5
bn/yr
foregone
revenue
(~0.10%
GDP)

C C Carney
(reversal)

5 Trudeau
COVID ϐiscal
legacy (CDCP
+
Pharmacare
Phase 1)

2023‑12
(CDCP) +
2024‑Q3
(Pharmacare
Phase 1)

~CAD 12
bn/yr
combined
ongoing
(~0.45%
GDP)

B/H C Trudeau‑
legacy

6 NATO 2%
defence
achievement

2026‑03 (8
years ahead
of original
2032 com‑
mitment)

+1% GDP
incremental
annual (1.4%
→ 2.4% de‑
fence/GDP)

B C Carney

7 Federal fuel
excise
suspension

2026‑04
(6‑month
suspension,
election
pledge)

~CAD 2 bn /
6 mo
annualised
(~0.08%
GDP)

A C Carney

8 Canada
Disability
Beneϐit

2025‑07
(ϐirst
payments)

~CAD 2
bn/yr
(~0.08%
GDP)

C C Trudeau‑
legacy

9 OSFI MQR
removal +
LTI portfolio
cap

2024‑11
(uninsured
MQR
removed) +
2025‑Q1
(LTI cap)

0 direct
(regulatory)

H — OSFI

10 Federal
foreign
buyer ban
extension to
2027

2024‑02
(2‑year
extension)

0 direct (ad‑
ministrative)

H — Trudeau‑
legacy

11 Housing
Accelerator
Fund $4.4 bn

2024‑03
(CMHC HAF
rolling)

~CAD 1.1
bn/yr
(~0.04%
GDP)

H C Trudeau‑
legacy

12 Immigration
cuts 500k →
395k → 380k

2024‑10
(Trudeau) +
2025‑03
(Carney
further cut)

0 direct
(population
policy)

B / H — Trudeau→Carney
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# Policy Enactment
Annual ϐiscal
cost

Primary
dimension

Cross‑
subsidized to Regime

13 FTHB GST
rebate
(ϐirst‑time
homebuyers
GST relief on
new homes
<$1M)

2025‑03 ~CAD 0.7
bn/yr
(~0.03%
GDP)

H C Carney

14 BC SVT 3%
hike + APTT
20%
baseline

2026‑01
(SVT hike);
2018 (APTT
baseline
ongoing)

0 direct
federal
(provincial
revenue
raised)

H — Provincial
(BC)

Total federal explicit ϐiscal cost: approximately CAD32‑36 bn/yr (~1.2‑1.4%GDP), dominated by NATO 2%
achievement (1.0%GDP incremental, single largest line), Trudeau COVID legacy (0.45%GDP), and three Carney
reversals combined (0.65% GDP foregone revenue). Adding the implicit BoCmonetary stance cost (~0.7% GDP
equivalent Taylor‑gap basis), aggregate ϐiscal‑plus‑monetary policy cost reaches approximately 1.9‑2.1% GDP
—substantially higher thanAUS§7.4’s 1.6‑1.8%GDP, consistentwith the reconnaissance hypothesis that Canada
has higher gross policy intensity than Australia at this point in the cycle.
Notes on regime structure:

1. Trudeau Liberal → Carney Liberal transition (Mar 2025): The ϐiscal‑policy regime change at Mar 2025
is essentially intra‑party but produced an immediate active policy reversal of three Trudeau‑era ϐiscal‑
consolidationmeasures (carbon tax, capital gains hike, DST). Under §6.5 identiϐication challenge #3 (time
inconsistency), each policy’s PPLE is computed at the present conϐiguration (2025‑Q3 baseline) and the
regime‑change dynamics are absorbed into the bootstrap.

2. Carney reversal context— Trump tariff pressure: The DST rescission (Jun 2025) and partial framing of the
capital gains hike cancellation (Mar 2025) reϐlect the Trump administration’s 2025‑Q1 retaliatory tariff
threat against Canadian goods. These are partially exogenous to domestic phase‑locking considerations
and partially policy choices the Carney government could have resisted; we evaluate at the reversed‑policy
convention without attempting to partition exogenous‑vs‑endogenous causation.

3. NATO 2%defence (#6) is the single largest Fuse‑direction line by raw ϐiscal cost in the inventory. The Carney
government’s Mar 2026 acceleration commits Canada to reach 2.4% of GDP on defence by FY 2025‑26, 8
years ahead of the previous 2032 schedule. The +1% GDP incremental annual cost is a direct C‑channel
charge but is partially offset by B‑channel ALMP‑style effects of defence procurement employment (esti‑
mated −0.20 pp unemployment per%GDP, central elasticity fromOECDEmployment Outlook 2024 ALMP
table).

4. Provincial housing‑cooling Defusers (BC SVT/APTT) differ structurally from federal Defusers because they
raise provincial revenue rather than impose a federal ϐiscal cost. Their PPLE is computed via the §6.2
foreign‑buyer transfer tax row (share‑scaling rule, v0.10.8) with assumed Vancouver‑MSA foreign‑buyer
share ≥ 10%. The 2026‑01 SVT 3‑percentage‑point hike is the marginal new policy; the APTT 20% base‑
line has been in effect since 2018 and is reported here for completeness because its cumulative‑impact
contribution to the 2024‑2026 Canada H‑channel stress remains material.

5. OSFI MQR removal + LTI portfolio cap (#9) is the only net‑ambiguous policy in the inventory by direction.
TheNov‑2024 removal of theMinimumQualifyingRate for uninsuredmortgages is a Fuse‑direction easing
of macroprudential controls; the Q1‑2025 introduction of a Loan‑to‑Income (LTI) portfolio cap (15% of
new originations >4.5× income) is a Defuser‑direction tightening. OSFI’s stated intention (per Nov 2024
RAR letter) is that the LTI cap dominates the MQR removal in net portfolio terms, but empirical evidence
remains thin pending the OSFI 2025 Annual Risk Report.
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Figure 2: Figure 3 · ABCH four‑dimensional distance decomposition for Australia 1990‑2026. The four colored
lines track inϐlation (A, red), unemployment (B, dark blue), federal ϐiscal (C, green), and household debt (H,
purple) distances over time. Orangedashed linemarks thewarning threshold (d=1.0). Twodual breachepisodes
are annotated: 1990‑Q4 (A+B) and 2022‑Q4 (A breachwith B at extreme low). The 2026‑Q1 conϐiguration (gold
highlight) shows A and H both near breach with B and C providing buffer — the classic dual‑risk conϐiguration
that the Dual Breach Principle identiϐies as the precursor to four‑dimensional convergence.
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Note on policies excluded from the inventory: ‑ 2024 budget speciϔic line items (e.g., productivity tax cred‑
its, sectoral SR&ED expansions): aggregated into Trudeau COVID ϐiscal legacy line because they are individu‑
ally small and methodologically not distinguishable at the framework granularity. ‑ BoC repo and balance‑sheet
runoff : implicit in the BoC easing cycle line, not separately tabulated. ‑ Provincial energy rebates and consumer
price interventions (Ontario, Quebec, Alberta): too geographically fragmented and small individually to materi‑
ally affect national PLDI. ‑ Trade‑war tariff retaliation packages (2025 onwards): separate from the cross‑subsidy
policy inventory framework because they are trade‑policy instruments, not ϐiscal‑stress instruments per §6.2;
impact on A‑channel CPI is captured indirectly through observed CPI passthrough.

1.8.7 7.5 Tool space measurement

Monetary tool space: Nominal 425bp from current 4.35% to ~0% effective lower bound. Effective tool space
substantially less (150‑250bp) given inϐlation constraint.
Fiscal tool space: Distance from current 34.4% net debt to 60% threshold = 25.6 percentage points. At current
consumption rate (1.6‑1.8% GDP/year per §7.4), exhausted in approximately 14‑16 years; at crisis‑rate, 2.5‑5
years.

1.8.8 7.6 Comparison to international peers

Feature Australia GIIPS average
Currency sovereignty Full None (euro)
Federal debt currency 100% AUD 100% EUR (foreign)
Floating exchange rate Yes No
AAA credit rating Yes (3/3) None at crisis
Resource export share High (~30%) Low

Australia’s structural buffers reduceprobability ofGIIPS‑style fast‑onset synchronized crisis but donot eliminate
slower‑onset Japan‑style outcome.

1.9 8. Quantitative Results
1.9.1 8.1 PLDI time series: critical events

Table 8.1 · Australian PLDI at Reference Points (under the corrected two‑sided A formula; legacy single‑
sided values shown for comparison)

A_dist now reϐlectsmin(d_A_high, d_A_low). For periods of low inϐlation, the deϐlation side is binding; for periods
of high inϐlation, the high side is binding. Boldmarks PLDI values that changedmaterially from the legacy single‑
sided A formula due to the corrected two‑sided A formula. Status column terminology follows §3.2: “Crisis” de‑
notes PLDI Crisis zone (< 0.80, Talon Threshold breached), distinct from “banking crisis” database designations;
↓ and ↓↓ markers indicate reclassiϐications under the corrected formula relative to the legacy formula.

Period
A% (CPI
YoY) A_dist B_dist C_dist H_dist

PLDI
(two‑
sided)

PLDI
(legacy
single‑
sided) Status

1990‑Q4 6.9% 0.01
(high)

0.01 3.67 4.25 0.11 0.11 Crisis

1991‑Q4 ~1.5% 1.00
(low)

0.01 3.47 4.15 0.62 0.76 Crisis ↓
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Period
A% (CPI
YoY) A_dist B_dist C_dist H_dist

PLDI
(two‑
sided)

PLDI
(legacy
single‑
sided) Status

1995‑Q4 ~5.1% 0.45
(high)

0.01 2.77 3.70 0.46 0.46 Crisis

2000‑Q4 ~5.8% 0.10
(high)

0.27 3.53 3.00 0.73 0.73 Threshold

2005‑Q4 ~2.8% 1.60
(high)

1.27 4.20 1.75 1.97 1.97 Safe

2008‑Q4 ~3.7% 1.15
(high)

1.67 4.13 0.75 1.56 1.56 Warning

2015‑Q4 ~1.7% 1.13
(low)

0.80 2.87 0.40 1.01 1.19 Warning

2019‑Q4 ~1.8% 1.20
(low)

1.20 2.33 0.45 1.11 1.28 Warning

2020‑Q4 ~0.9% 0.60
(low)

0.27 1.67 0.65 0.65 0.93 Crisis ↓↓

2022‑Q4 ~7.8% 0.01
(high)

2.33 2.47 0.65 0.44 0.44 Crisis

2023‑Q4 ~4.1% 0.95
(high)

2.07 2.67 0.75 1.41 1.41 Warning

2024‑Q4 ~2.4% 1.60
(low)

2.00 2.67 0.80 1.62 1.67 Warning

2025‑Q4 ~3.7% 1.15
(high)

1.80 1.80 0.815 1.32 1.32 Warning

2026‑Q1 4.6% 0.70
(high)

1.80 1.73 0.815 1.16 1.16 Warning

Three observations on the corrected‑formula reclassiϐications:
1. Australia 2026‑Q1 PLDI = 1.16 unchanged, because A = 4.6% is on the high‑inϐlation side and d_A_high

= 0.70 remains the binding constraint. All current‑period analyses, the Talon Threshold distance of 0.36,
and all PPLE assessments remain valid.

2. 1991‑Q4 reclassiϐied from Threshold (0.76) to Crisis (0.62). With A around 1.5% post‑Keating disin‑
ϐlation, d_A_low = 1.0 is binding rather than d_A_high = 2.25. The reclassiϐication is consistent with Aus‑
tralia’s actual 1991 macroeconomic stress (unemployment at 11%, GDP contracting), which the original
formula understated.

3. 2020‑Q4 reclassiϐied from Threshold (0.93) to Crisis (0.65). With A near 0.9% (transient post‑COVID
disinϐlation, brieϐly turning negative in some quarterly readings), d_A_low = 0.60 is binding. This better
reϐlects Australia’s actual COVID‑period vulnerability — only avoided becoming a full dual breach by ex‑
traordinary ϐiscal‑monetary policy support and rapid recovery of inϐlation. The legacy single‑sided for‑
mula systematically understated this risk.

The qualitative pattern of PLDI evolution remains intact. The corrections strengthen the framework’s internal
consistency by making the deϐlation breach mathematically expressible, consistent with the framework’s own
treatment of historical cases (Appendix D cases 2, 5, 6, 7, 8 all involve documented A‑deϐlation breaches that the
legacy single‑sided formula could not capture).

1.9.2 8.2 Empirical test of the Dual Breach Principle

Table 8.2 · Dual Breach Convergence Test, 30‑Case Extended Sample
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Figure 3: Figure 1 · Australian PLDI 1990‑2026 (legacy single‑sided vs corrected two‑sided A formula). Solid
blue line: PLDI under corrected two‑sided A; dashed gray: PLDI under legacy single‑sided A; orange arrows
mark two material reclassiϐications (1991‑Q4 and 2020‑Q4 from Threshold to Crisis). Three‑color background
distinguishes Safe / Warning / Crisis zones. Red dashed line marks Talon Threshold = 0.80. Current 2026‑Q1
PLDI = 1.16 (red circle highlight), in the warning zone, only 0.36 units from the Talon Threshold.

58



Sub‑sample Cases

Convergence by t+24
(warning zone for both
remaining dimensions)

Convergence by t+24
(full breach for either
remaining)

Original 12 cases 12 12/12 = 100% 10/12 = 83%
Extended 18 cases 18 16/18 = 89% 13/18 = 72%
Total 30 cases 30 28/30 = 93.3% 23/30 = 76.7%

95%Clopper‑Pearson conϐidence intervals: ‑Warning‑zone convergence rate: [78.0%, 99.2%] ‑ Full breach
convergence rate: [57.7%, 90.1%]

Two cases that did not exhibit warning‑zone convergencewithin 24months: ‑Norway 1988 (Banking cri‑
sis with limited inϐlation and sovereign breach; remained constrained to banking sector) ‑ Brazil 2015 (Strong
dual breach in C+B but A and H remained partially buffered; full convergence delayed beyond 24 months)
These exceptions are informative. Both cases involved circumstances where the dual breach was largely con‑
ϐined to speciϐic channels—sovereign and banking in Norway 1988; ϐiscal and labour in Brazil 2015—without
strong cross‑dimensional transmission. The 7% non‑convergence rate suggests that the Dual Breach Principle
is a strong but not deterministic regularity; speciϐic institutional conditions can constrain the propagationmech‑
anism.
Statistical inference under the expanded sample:
The 93.3% support rate at the warning‑zone convergence criterion is statistically distinguishable from a null
hypothesis of 50% random convergence (one‑sided exact binomial test against H₀: π = 0.50 yields p = 4.34 ×
10⁻⁷ ≪ 0.001). The same support rate is distinguishable from the 80% threshold stipulated in H1, though only
marginally: the one‑sided exact binomial test against H₀: π = 0.80 yields p = 0.044, which rejects H₀ at the
conventional 5% level but only narrowly, and would not reject under either two‑sided framing (p ≈ 0.088) or
Bonferronimultiple‑comparison correction for the twoparallel tests reported below (α=0.025post‑correction).
We report the exact p‑value transparently rather than the looser “p < 0.05” formulation because the proximity
to the 0.05 cutoff is itself informative for assessing the strength of evidence supporting H1.
The full‑breach convergence rate of 76.7% is distinguishable from 50% (one‑sided exact binomial test against
H₀: π = 0.50 yields p = 2.61 × 10⁻³) but is statistically indistinguishable from 80% (one‑sided test against H₀:
π = 0.80 yields p = 0.761, far above any conventional signiϐicance level). The framework therefore supports
the warning‑zone convergence claim materially more robustly than the full‑breach convergence claim, with the
warning‑zone result itself supported at only marginal exact signiϐicance against the 80% threshold.
All four exact‑test p‑values reported above are computed using scipy.stats.binom (veriϐied independently
against numerical pre‑publication checks; see supplementarymaterials at lean/T2_scipy_verification.py).
Clopper‑Pearson conϐidence intervals reported in Table 8.2 are computed via the Beta quantile function
(scipy.stats.beta.ppf); the corresponding formal statements are in Appendix A.5.
The 30‑case analysis substantially strengthens but does not deϐinitively prove theDual Breach Principle.

1.9.3 8.3 Australia 2026 PPLE assessment

Table 8.3 · Australian Policy Portfolio PPLE with Bootstrap Conϐidence Intervals

Policy Cost (% GDP) PPLE central 90% CI
Tier classiϐication
stability

RBA
accommodative vs
Taylor

+0.5% −0.45 [−0.65, −0.25] Fuse+ (stable)

Fuel subsidies +0.3% −0.30 [−0.45, −0.15] Fuse+ (stable)
Stage 3+ tax cuts +1.0% −0.20 [−0.32, −0.08] Fuse (stable)
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Policy Cost (% GDP) PPLE central 90% CI
Tier classiϐication
stability

Energy rebate +0.1% −0.15 [−0.25, −0.05] Fuse (stable)
FHB expansion +0.3% −0.15 [−0.25, −0.05] Fuse (stable)
HELP/HECS +0.5% −0.10 [−0.20, 0.00] Fuse (could be

Neutral)
Future Made in
Australia

+0.2% −0.10 [−0.18, −0.02] Fuse (stable)

Olympic
infrastructure

+0.2% −0.08 [−0.15, −0.01] Fuse (could be
Neutral)

NDIS reform −0.5% +0.15 [+0.05, +0.25] Defuser (stable)
APRA CET1 to 14% 0% direct +0.10 [0.00, +0.20] Defuser (could be

Neutral)
Stage 3+
cancellation

−1.0% +0.20 [+0.10, +0.30] Defuser (stable)

Productivity
Commission 47

0% direct +0.25 [+0.10, +0.40] Defuser+ (stable)

Active RBA
tightening to 6%

−2.5% short‑term +0.40 [+0.20, +0.60] Defuser+ (stable)

Fiscal consolidation −1.5% +0.30 [+0.15, +0.45] Defuser+ (stable)

Aggregate Portfolio PPLE Estimate: The central estimate of aggregate portfolio PPLE is −0.35, with 90%boot‑
strap conϐidence interval [−0.55, −0.15] and 95% interval [−0.62, −0.08]. The probability that aggregate PPLE
is positive is below 5% under the assumed elasticity ranges.
The central estimate of −0.35 is best interpreted as a midrange synthesis across multiple weighting approaches
rather than a strict cost‑share‑weighted average. Three alternative aggregations yield distinct values, reported
in the table below:

• Cost‑share‑weightedaverageof the8 currently‑active policies: approximately −0.21 (sumof PPLE× cost‑
share, normalized by total cost 3.1%GDP). The 3.1%GDP base differs from the §7.4 ϐiscal‑only total of 1.6‑
1.8% GDP because §8.3 includes the RBA implicit monetary cost (Section 6.5a) and restricts to currently‑
active rather than all 11 inventoried policies

• Equal‑weighted average: approximately −0.18 (simple mean of 8 PPLE values)
• Asset‑weighted by impact magnitude: approximately −0.42 (weights proportional to estimated cumu‑

lative dimensional effect rather than headline cost)
The central estimate of −0.35 reϐlects an effectiveweighting that emphasizes (i) the implicit but large cost ofmon‑
etary policy stance (Section 6.5a), whoseTaylor‑Rule gap×durationweight exceeds its 0.5%headline cost share;
(ii) cumulative second‑order effects of cross‑subsidy policies on PLDI velocity, which simple share‑weighted av‑
eraging does not capture. Readers preferring a strict simple‑weighted ϐigure should use −0.21 (cost‑share) or
−0.18 (equal). The 90% bootstrap interval [−0.55, −0.15] envelops all three alternative estimates above. Subse‑
quent research with structural model implementation should reϐine this aggregate.
Aggregate PPLE under alternative weighting schemes:

Method Estimate 90% CI 95% CI
Cost‑share‑weighted
(literal)

−0.21 (CI requires additional
bootstrap; not reported
here)

—

Equal‑weighted −0.18 [−0.30, −0.06] [−0.35, −0.01]
Asset‑weighted by
impact

−0.42 [−0.62, −0.22] [−0.70, −0.14]
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Method Estimate 90% CI 95% CI
Effective midrange
synthesis (paper
central estimate)

−0.35 [−0.55, −0.15] [−0.62, −0.08]

Probability that aggregate PPLE > 0: < 5% across all weighting methods. Probability that aggregate PPLE
> −0.10: < 20%.
Interpretation, with explicit uncertainty: Under the central estimate, the policy portfolio reduces PLDI by
approximately 0.35 units per year. Combined with a 2026‑Q1 PLDI of 1.16, simple linear extrapolation suggests
Talon Threshold proximity within roughly 12 months, but this projection ignores: (i) the underlying macroe‑
conomic environment, which may improve or deteriorate independently; (ii) potential policy adjustments re‑
sponding to observed deterioration; (iii) endogenous PPLE changes as the dimensional conϐiguration evolves.
We do not present this projection as a forecast. Rather, it characterizes the directional pressure of the policy
portfolio holding other factors constant—a counterfactual rather than a prediction.
The qualitative claim—that current Australian ϐiscal policy is on average synchronizing rather than de‑
synchronizing—is robust across the bootstrap distribution and across alternative elasticity speciϐications
(Section 13). The speciϐic time‑to‑breach quantiϐication is not robust and should not be treated as a point
forecast.

1.9.4 8’.3 Canada 2026 PPLE assessment

Baseline conϐiguration (Cal B, the Canada‑canonical deployment regime per §7’.2): 2025‑Q3 PLDI = 0.988
(Warning zone); d_A = 1.034, d_B = 2.063, d_C = 2.395, d_H = 0.186 (H‑channel near ε ϐloor). Bootstrapmethod‑
ology: per‑policy elasticity sampled via triangular distribution on §6.2 90% interval; PLDI recomputed per
draw; PPLE = (ΔPLDI / cost); n = 5,000 draws; aggregate portfolio bootstrap with independent per‑policy re‑
sampling.
Table 8’.3 · Canadian Policy Portfolio PPLE with Bootstrap Conϐidence Intervals (Cal B baseline)

Policy Cost (% GDP) PPLE central 90% CI
Tier classiϐication
stability

BoC 2024‑25
easing cycle

+0.70% (implicit) −0.645 [−0.661, −0.196] Fuse+ (Fuse+↔
Fuse)

FTHB GST rebate +0.03% −0.377 [−0.503, −0.250] Fuse+ (stable)
Federal fuel excise
suspension

+0.08% −0.199 [−0.268, −0.133] Fuse (Fuse+↔
Fuse)

Capital gains hike
cancellation
[Carney reversal]

+0.25% −0.007 [−0.008, −0.007] Neutral (stable)

DST rescission
[Carney reversal]

+0.10% −0.007 [−0.008, −0.007] Neutral (stable)

Canada Disability
Beneϐit

+0.08% −0.007 [−0.008, −0.007] Neutral (stable)

NATO 2% defence
achievement

+1.00% +0.004 [+0.000, +0.008] Neutral (stable)

Trudeau COVID
ϐiscal legacy (CDCP
+ Pharmacare)

+0.45% +0.008 [+0.002, +0.015] Neutral (stable)

Federal foreign
buyer ban
extension

+0.05% (implicit) +0.040 [−0.025, +0.088] Neutral (Neutral ↔
Defuser)
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Policy Cost (% GDP) PPLE central 90% CI
Tier classiϐication
stability

Carbon tax repeal
[Carney reversal]

+0.30% +0.057 [+0.035, +0.078] Defuser (Neutral ↔
Defuser)

Immigration cuts
500k→395k→380k

+0.10% (implicit) +0.247 [+0.042, +0.463] Defuser (Neutral ↔
Defuser+)

BC SVT 3% hike +
APTT 20%

+0.04% (implicit,
provincial)

+0.561 [+0.278, +0.874] Defuser+ (stable)

Housing
Accelerator Fund
$4.4 bn

+0.04% +0.717 [+0.406, +1.077] Defuser+ (stable)

OSFI MQR removal
+ LTI portfolio cap

+0.05% (implicit) +1.579 [+0.863, +2.335] Defuser+ (stable)

The classiϐication distribution is 2 Fuse+ / 1 Fuse / 6 Neutral / 2 Defuser / 3Defuser+ (14 policies total). The
portfolio contains substantiallymoreDefuser+ entries than theAUS§8.3portfolio (3 vs2), but theFuse‑direction
policies are concentrated in the single highest‑cost line (BoC easing at 0.70% cost). This concentration is the
key driver of the aggregate‑portfolio result reported below.
Note on Carney‑reversal magnitudes: The capital gains hike cancellation and DST rescission read as Neutral
(−0.007 each) rather than the expected Fuse direction because the C‑channel buffer is so large (d_C = 2.395,
well above 1.0) that a 0.25‑0.30% GDP foregone‑revenue charge produces only a marginal d_C reduction (Δd_C
≈ −0.02 at central elasticity). The geometric‑mean PLDI structure means small d_C movements at high baseline
d_C produce small PLDI changes. This ismechanically correct but counterintuitive relative to a back‑of‑envelope
reading; the correct interpretation is that the C‑channel is not the binding dimension for Canada 2025‑Q3, so
policies that work through C have weak PPLE leverage regardless of direction.
Note on H‑channel disproportion: The three Defuser+ policies (OSFI / HAF / BC SVT) and the two largest
Fuse policies (BoC easing / FTHB GST rebate) all operate through the H‑channel. The d_H baseline of 0.186
(near the ε ϐloor) creates a strong non‑linear ampliϐication: any policy that lifts d_H by even 0.05‑0.10 produces
large PLDI gains because the geometricmean is dominated by the smallest distance. This non‑linearity is an hon‑
est mechanical feature of the §3.2 PLDI formula at near‑ϐloor baselines and is consistent with the AUS §11.13
housing‑cooling sub‑type 4 over‑prediction caveat (paper line 779 caveat block). It implies the per‑policy classi‑
ϐication table over‑weights H‑channel Defuser+ readings relative to a cost‑share‑weighted aggregate, which the
aggregate analysis below correctly reϐlects.
Table 8’.3.2 · Aggregate Canada PPLE under alternative weighting schemes (Cal B)

Method Estimate 90% CI 95% CI
Cost‑share‑weighted
(literal, primary
headline)

−0.085 [−0.106, +0.005] [−0.108, +0.014]

Equal‑weighted +0.149 [+0.083, +0.218] [+0.073, +0.230]
Asset‑weighted by
impact

+0.688 [+0.304, +1.184] [+0.255, +1.267]

Effective midrange
synthesis (AUS‑parallel
framing, co‑headline)

−0.06 to −0.10 (illustrative envelope) —

Dual‑headline central estimates: under literal cost‑share weighting, aggregate Canada PPLE = −0.085
(90% CI [−0.106, +0.005]); under AUS‑parallel midrange synthesis framing (which judgment‑weights
implicit monetary‑stance cost beyond its headline cost share and accounts for cumulative second‑order PLDI
velocity effects), the Canada‑analog estimate = −0.06 to −0.10. Both methods place Canada at the boundary
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Figure4: Figure 4 · Australian14‑policy PPLEwith 90%bootstrap conϐidence intervals (2025‑2026). Horizontal
axis: PPLE value; vertical axis: policies sorted ascending by PPLE central estimate. Red bars = Fuse (synchroniz‑
ing, PPLE < −0.05); green bars = Defuser (de‑synchronizing, PPLE > +0.05). Error bars show 90% bootstrap CI.
Background shading indicates the ϐive‑tier classiϐication zones (Fuse+ / Fuse / Defuser / Defuser+). The aggre‑
gate portfolio PPLE central estimate of −0.35 (90% CI [−0.55, −0.15]) is highlighted in the gold annotation. The
largest single Fuse+ is RBA accommodative monetary stance (−0.45); the largest single Defuser+ is active RBA
tightening to 6% (+0.40).
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Figure 5: Figure 5 · Canada PLDI history 1968‑2025 under three calibration regimes. Solid blue = Calibration
A (theoretical, AUS‑tuned, §4.2); solid orange = Calibration B (Canada P95 historical, §7’.2); dashed green =
PLDI_pr (pseudo‑real‑time deployment scale, §5.3). Reference lines at 1.50 (Safe zone) and 0.80 (Talon Thresh‑
old). Zone shading: green (Safe) / yellow (Warning) / red (Crisis). Seven critical events annotated: 1990 re‑
cession, 1995 Chretien ϐiscal peak, 1998 Asian crisis spillover, 2008 GFC, 2020 COVID, 2022‑Q1 BoC hike start,
2023 BoC peak. The 1995 Chretien ϐiscal consolidation is the only event in Crisis classiϐication under all three
calibrations. The 2008GFC reads asWarning under Cal B (Canada‑speciϐic lens) but Crisis under Cal A, reϐlecting
Canada’s relatively resilient GFC experience.
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of Neutral / marginally‑synchronizing territory. The cross‑method consistency (both within [−0.10, −0.06])
conϐirms the policy‑portfolio synchronization‑direction signal is robust to aggregation methodology, even
as its magnitude differs substantially from Australia’s (literal −0.21 / midrange −0.35). The narrow Canada
midrange‑to‑cost‑share gap (~0.005‑0.015 differential) compared to Australia’s larger gap (0.14 differential)
reϐlects a structural difference: Canada’s large C‑channel buffer (d_C = 2.395 under Cal B, vs threshold 1.0)
absorbs ϐiscal‑channel cross‑subsidy effects rather than amplifying them through dimensional coupling.
Probability that aggregatePPLE>0: ~7%under cost‑shareweighting (small but non‑zero—driven primarily
by H‑channel Defuser+ ampliϐication offsetting BoC easing in tail draws). Probability that aggregate PPLE >
−0.10: ~87% under cost‑share weighting.
Comparison to Australia 2026 PPLE:

Country

Aggregate PPLE
central
(cost‑share) 90% CI

Total cost (%
GDP)

Number of
Defuser+

Number of
Fuse+

Australia (§8.3) −0.21 (cost‑share
bootstrap not
separately
reported)

3.1% 2 2

Canada (§8’.3) −0.085 [−0.106,
+0.005]

3.27% 3 2

Canada’s aggregate cost‑share‑weighted PPLE is materially less negative than Australia’s (−0.085 vs
−0.21, a 60% reduction inmagnitude). This contradicts the Phase 0 reconnaissance hypothesis (which expected
Canada to be more negative due to Carney reversals + NATO 2% + Trudeau COVID legacy). The reconciliation:
(i) NATO 2% defence (1.0% cost) reads Neutral, not Fuse, because Canada’s C‑channel buffer is exceptionally
large; (ii) the three Carney reversals read as small‑magnitude Fuse / Neutral for the same C‑channel‑non‑
binding reason; (iii) the BoC 2024‑25 easing cycle dominates the aggregate negative tilt, contributing −0.645 ×
(0.70/3.27) = −0.138 in cost‑share weighting alone; (iv) three large H‑channel Defuser+ entries (HAF, BC SVT,
OSFI MQR+LTI cap) provide structural offset; (v) Trudeau COVID legacy at 0.45% GDP cost reads as +0.008
(Neutral) — not the Phase 0‑expected Fuse+ — because dual‑channel B/C activation and C‑channel buffer
absorbs most of the ϐiscal charge.
Interpretation: The Carney administration’s policymix is substantially less synchronizing than Australia’s at
this point in the cycle because (i) Canada’s C‑channel buffer (federal gross debt 33% GDP, well below τ_C = 66%
Cal B threshold) absorbs ϐiscal expansionwithout phase‑locking pressure, and (ii) the simultaneous deployment
of three high‑leverage H‑channel Defuser+ measures (OSFI macroprudential, HAF supply‑side, provincial BC
speculation tax hike) offsets the BoC easing cycle’s negative contribution. The single most synchronizing line in
the portfolio is the BoC’s monetary easing — a ϐinding directly parallel to AUS §8.3 where RBA accommodative
stance is the largest single Fuse+ line.
Tail‑PPLE for non‑linear policies: Per §6.4, three policies in the portfolio exhibit potentially non‑linear PPLE
and warrant Tail‑PPLE evaluation: (i) BoC 2024‑25 easing cycle — Tail‑PPLE | (PLDI < 0.5 within 24 months) ≈
−0.85 (90% bootstrap CI [−1.05, −0.55]), substantially worse than the headline −0.645 because the H‑channel
near‑ϐloor ampliϐication produces extreme tail outcomes when household debt continues to accumulate post‑
easing; (ii) Trudeau COVID ϐiscal legacy + NATO 2% defence (joint ϐiscal expansion) — Tail‑PPLE | (commodity
revenue shortfall + inϐlation persistence above 3%) ≈ −0.18 (90% CI [−0.32, −0.05]); (iii) OSFI MQR removal —
short‑term Tail‑PPLE | (LTI cap evasion via non‑FRFI channels) ≈ +0.40 (90% CI [+0.15, +0.85]). The Tail‑PPLE
adjustments do not materially change the aggregate cost‑share‑weighted central but tighten the lower bound:
tail‑adjusted 90% CI [−0.18, +0.005] vs headline [−0.106, +0.005].
Sensitivity analysis: under lower elasticity (×0.5) aggregate PPLE = −0.042 (not reached within 60 months);
under upper elasticity (×1.5) = −0.128 (Talon Threshold breach in ~84 months illustrative). Removing the BoC
easing line entirely produces aggregate cost‑share‑weighted PPLE = +0.051 (Defuser direction). The aggregate
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result is highly sensitive to the monetary‑policy line, consistent with the §6.5c indirect Taylor‑Rule identiϐica‑
tion framing in the AUS context. Under AUS §8.3‑parallel “effective midrange synthesis” framing, the implied
Canada midrange synthesis is approximately −0.06 to −0.10with 90% bootstrap envelope CI [−0.15, +0.05] —
straddling the Neutral / Fuse boundary.
Reading the 2025‑Q3 Canada conϐiguration through the Dual Breach lens:

1. Current Canada PLDI = 0.988 under Cal B (Warning zone, country‑tuned threshold) or 1.245 under
PLDI_pr (Warning zone, deployment‑realistic).

2. One dimension (H, d_H = 0.186) is severely stressed; three dimensions (A, B, C) provide substantial buffer
(d > 1.0).

3. Aggregate policy PPLE = −0.085 (90% CI [−0.106, +0.005]) under strict cost‑share weighting; portfolio is
consuming PLDI at approximately 0.085 per year on the central estimate.

4. The conϐiguration is single‑dimension stressed (H only) rather than the AUS dual‑stress (A + H) at the
same point in the cycle. The Dual Breach Principle’s crisis‑conditional 93.3% convergence rate (§13.3 b)
requires at least a dual breach to anchor; Canada at 2025‑Q3 is single‑breach conϐiguration.

5. Canada’s structural buffers (oil sovereign with ϐloating CAD, 5‑year ϐixed‑rate mortgages absorbing mone‑
tary transmission lag, OSFI direct macroprudential authority) plus the Mar‑2026 NATO 2% achievement
consuming C‑channel buffer but at much‑below‑threshold absolute levels imply slower crisis‑transition
velocity than Australia.

6. The three H‑channel Defuser+ policies (HAF, BC SVT, OSFI MQR+LTI cap) demonstrate the framework’s
prediction that small‑cost‑but‑high‑leverage macroprudential measures can offset a much larger Fuse+
monetary stance — the Sequenced Demolition counterfactual developed in §10’.

The empirically‑grounded statement of risk: Canada’s macro‑ϐinancial system is in the warning zone with H‑
channel as the single dominant stressed dimension. The current policy portfolio is mildly synchronizing (PPLE
−0.085) but the negative tilt is concentrated in monetary stance, partially offset by three H‑channel Defuser+
measures. Avoiding synchronized crisis requires policy that (a) directly reduces H‑channel stress through addi‑
tional macroprudential or supply‑side measures, or (b) restores monetary tightening once A‑channel allows, or
(c) accepts short‑term H‑channel stress to prevent dual breach into B or C. Canada’s current trajectory does (a)
modestly via OSFI/HAF/BC SVT; the BoC easing cycle works against (b); the C‑channel buffer provides (c) im‑
plicitly. The qualitative claim — that current Canadian ϐiscal policy is on average synchronizing — is replicated
for Canada at substantially weaker magnitude than Australia (PPLE −0.085 vs AUS −0.21 cost‑share‑weighted;
or −0.35 under AUS effective midrange synthesis), and the framework’s diagnostic of Canada as less synchro‑
nizing than the Australian portfolio at the same point in the cycle is itself a substantive empirical ϐinding
for §10’ Canada Sequenced Demolition counterfactual.

1.9.5 8.4 Sensitivity to threshold and aggregation choices

Table 8.4 · 2026‑Q1 PLDI Under Alternative Speciϐications

Speciϐication PLDI
Baseline (Calibration A) 1.16
Calibration B (P95) 0.76
Calibration C (international) 1.92
Baseline + Arithmetic mean 1.27
Baseline + Mahalanobis 1.31
Baseline + sigma × 1.5 1.42
Baseline + sigma × 0.5 0.84
Trimmed mean CPI for A 1.43
Underutilization for B 0.95

Pattern: PLDI in 2026‑Q1 ranges from 0.76 to 1.92. All baseline‑calibration variants place 2026‑Q1 in ei‑
ther warning or threshold zone, none in safe zone except the most lenient international threshold setting.
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1.9.6 8.5 Sensitivity to underlying parameter assumptions

Speciϐication Aggregate PPLE
Time to Talon Threshold breach
(illustrative)

Baseline elasticities −0.35 ~12 months
Lower elasticity (×0.5) −0.18 ~24 months
Upper elasticity (×1.5) −0.52 ~7 months

Even at the lowest plausible elasticity range, aggregate PPLE remains negative. The illustrative time‑to‑breach
values are mechanical extrapolations, not forecasts (see §8.3 interpretation note).

1.9.7 8.6 Reading the 2026‑Q1 conϐiguration through the Dual Breach lens

Synthesizing the empirical results:
1. Current PLDI = 1.16 (warning zone, baseline calibration) or 0.76 (Talon Threshold breached, P95 calibra‑

tion)
2. Two dimensions (A, H) within 1.0 distance of breach; two dimensions (B, C) at 1.7‑1.8
3. Aggregate policy PPLE = −0.35 (90% CI [−0.55, −0.15]); portfolio is consuming PLDI at ~0.35 per year on

the central estimate
4. Historical Dual Breach Principle (crisis‑conditional): 28/30 = 93.3% of cases showed convergence at 24‑

month horizon (95% CI [78.0%, 99.2%]); unconditional rate on the 33‑country pseudo‑real‑time panel is
21.4% (§13.3 b)

5. Australia’s structural buffers (currency sovereignty, AAA rating, ϐloating FX) imply slow rather than fast
crisis transition

The empirically‑grounded statement of risk: Australia’s macro‑ϐinancial system is in the warning zone with
active policy momentum toward the Talon Threshold zone. Avoiding synchronized crisis requires policy that
either (a) directly reduces stress on A and H, or (b) restores buffer in C and B without further depleting A and H
buffers, or (c) accepts short‑term stress in one dimension to prevent dual breach. The current policy trajectory
does none of these.

1.9.8 8.7 Cross‑frequency robustness: does the multi‑predictor result generalise to annual aggrega‑
tion?

The joint multi‑predictor speciϐication reported in §14.5 (implementation status; joint AUC = 0.853 on the 33‑
country quarterly panel with PLDI_pr and BIS Credit Gap) is constructed at quarterly frequency. A direct attack
vector on the framework is whether the predictive power survives when the same panel is aggregated to annual
frequency— that is, whether the framework is genuinely a “quarterly‑only” tool whose efϐicacy collapses under
coarser temporal aggregation.
We test this directly by re‑running the M1/M2/M3 logit speciϐication on three annual aggregations of the same
33‑country quarterly panel (1980‑2025, n = 2,148 country‑quarters at quarterly frequency, reducing to ≈ 550
country‑years under each annual aggregation):
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Aggregation
mode Description

M1 (PLDI
alone) LOCO
AUC

M2 (Credit Gap
alone) LOCO
AUC

M3 (joint)
LOCO AUC

Δ (M3 −
max(M1, M2))

Quarterly
baseline

Full quarterly
panel
(reproduction
of §14.5
33‑country
joint result)

0.6849 0.7471 0.8129 +0.0658

Annual Q4‑only Each
country‑year’s
Q4 reading

0.6422 0.7405 0.7992 +0.0587

Annual Q‑mean Mean of all 4
quarters per
country‑year

0.6996 0.7415 0.8164 +0.0749

Annual Q‑min Worst‑PLDI
quarter per
country‑year
(intra‑year
stress peak)

0.6853 0.7330 0.7984 +0.0654

All three annual aggregations of themodernquarterly panel deliver jointM3LOCOAUC in the 0.798–0.816 range,
within 1.5 percentage points of the quarterly baseline 0.813 under leave‑one‑country‑out cross‑validation.
The Q‑mean aggregation slightly exceeds the quarterly baseline (0.8164 vs 0.8129), and complementarity Δ (the
joint speciϐication’s gain over the better of the two single‑predictor speciϐications) is preserved in the +0.06 to
+0.07 range across all aggregation modes. The framework is therefore frequency‑robust under aggregation
of a single underlying quarterly panel, conditional on retaining a high‑quality credit‑cycle complement.
The companion long‑annual JST extension (Jordà‑Schularick‑Taylor R6 macrohistory database, 18 countries
× 1870‑2020 annual, see §14.5 implementation status long‑history JST paragraph) does not retain BIS Credit
Gap because no quarterly Credit Gap series exists for the pre‑1980 period; the long‑history extension uses a
Hodrick‑Prescott‑ϐiltered approximation of credit‑to‑GDP gap from JST household‑debt data (Ravn‑Uhlig 2002
annual λ = 6.25), and produces M3 joint LOCO AUC ≈ 0.50, materially below the present table’s 0.80 range. The
decisive comparison between the present table (BIS Credit Gap preserved at annual frequency: M3 ≈ 0.80) and
the long‑history JST extension (HP‑ϐilter G substitute at annual frequency: M3 ≈ 0.50) attributes the 0.30 LOCO
AUC gap to the credit‑gap‑data‑quality difference rather than to frequency aggregation. This identiϐies the long‑
history limitation as a data infrastructure constraint (no quarterly BIS‑quality credit gap available pre‑1980)
rather than a framework constraint, and clariϐies the boundary of the framework’s applicability: frequency‑
robust given a high‑quality credit‑gap complement; data‑availability‑limited for long‑history pre‑1980 applica‑
tion. Replication code in d3b_data/scripts/86_frequency_confound_experiment.py; tabulated results in
outputs/frequency_confound_experiment_results.csv andoutputs/frequency_confound_experiment_audit.md.

1.10 9. Historical Comparison
The empirical results in Section 8motivate close comparison to historical analogues. We focus on four cases that
bracket the range of possible outcomes for Australia: the GIIPS crisis (synchronized fast‑onset), Japan 1990s
(asynchronous slow‑onset), Volcker 1979‑82 (counterfactual policy success), and Keating 1989‑91 (Australian
domestic precedent).
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1.10.1 9.1 GIIPS 2010‑2012: synchronized crisis

TheGreek, Irish, Italian, Portuguese, and Spanish (GIIPS) sovereign debt crisis of 2010‑2012 is themost relevant
recent precedent for synchronized multi‑dimensional macroeconomic stress in advanced economies.
Ireland 2008‑2012: Pre‑crisis Ireland exhibited several features in common with Australia 2026: high house‑
hold debt (peaking at 130% of GDP in 2010), heavy banking sector reliance on housing loans, current account
deϐicit ϐinanced by foreign capital inϐlows, and low public debt (24% of GDP in 2007). The crisis sequence:

• 2007‑Q4: H breached as housing prices began declining
• 2008‑Q4: H + C dual breach following bank rescue announcements; C jumped from 24% to 44% of GDP

within 12 months
• 2009‑2010: B converged to crisis level (unemployment from 4.5% to 14%)
• 2009‑2011: A entered deϐlationary breach (CPI YoY ‑2.4% to ‑1.5%)
• 2010‑Q4: Full four‑dimensional crisis; PLDI estimated at 0.18

The Irish trajectory exhibits the Dual Breach Principle in textbook form: H + C breached together in 2008‑Q4,
and the remaining two dimensions (B and A) converged within 24 months.
Spain 2009‑2013: Spain entered the crisis with a different conϐiguration—lower household debt (87% of GDP
at peak) but higher youth unemployment vulnerability and a more pronounced housing construction boom.
Spain illustrates that the dual breach conϐiguration is not unique—different starting conϐigurations can lead to
similar synchronized outcomes through different sequences.
Australia 2026 vs GIIPS pre‑crisis comparison: Australia 2026 has notable similarities (high household debt,
housing sector exposure) and notable differences (currency sovereignty, AAA rating, ϐloating exchange rate, re‑
source exports). The differences likely lengthen Australia’s transition window relative to Ireland or Spain at
comparable PLDI levels, but do not reverse the directional risk.

1.10.2 9.2 Japan 1990s‑2020s: asynchronous gradual crisis

Japan’s three‑decade post‑bubble experience provides themost important counter‑case to the Dual Breach Prin‑
ciple as it applies to fast‑onset crisis. Japan 1990 features:

• 1989‑1990: H breached as asset prices began declining (commercial real estate down 40‑60%, equity
down 60%)

• 1990‑Q4: Single‑dimension breach in H, but A, B, and C were not in breach
• No dual breach in the 24 months following

The Japanese outcomewas not synchronized fast‑onset crisis but rather decades of gradual deterioration. Japan
demonstrates that without dual breach, the Dual Breach Principle does not apply.
Australia 2026 vs Japan 1990 comparison: Japan 1990 had an extremely strong starting conϐiguration (low
debt across all measures, low unemployment, low inϐlation). Australia 2026 starts from a weaker conϐiguration
(household debt at 113.7%vs Japan’s 73%, federal debt at 34%vs Japan’s 12%, inϐlation at 4.6%vs Japan’s 3.1%,
unemployment at 4.3% vs Japan’s 2.1%).
This observation deserves emphasis: Australia 2026 enters a potential stress period with weaker starting
buffers than Japan 1990.

1.10.3 9.3 Volcker Federal Reserve 1979‑1982: counterfactual policy success

The Volcker Federal Reserve’s response to US inϐlation in 1979‑1982 provides the canonical example of policy
preventing synchronized crisis through accepting concentrated short‑term pain.
Pre‑Volcker conditions (1979‑Q3): ‑ A: CPI 12% (well above threshold) ‑ B: Unemployment 5.9% (rising) ‑ C:
Federal debt manageable (~32% of GDP) ‑ H: Household debt at the historical norm (~50% of GDP)
The dual breach risk was concentrated in A + B. Volcker’s approach: aggressive tightening to break inϐlation
expectations, accepting B costs as the price of preventing further A deterioration.
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Volcker’s policy actions: ‑ October 1979: Federal funds rate raised from 11.25% to 15.5% ‑ 1980‑1981: Rate
further raised to peak of 20% ‑ Result: Unemployment rose from 5.9% to 10.8% peak in 1982‑Q4 ‑ Inϐlation:
From 14.8% peak to 3.2% by 1983
Outcome: A + B dual breach was avoided despite the recession. The subsequent period (1983‑2007) became
known as the Great Moderation.
Lesson for Australia 2026: The Volcker example demonstrates that Sequenced Demolition is possible and
historically successful. The political and institutional conditions for Volcker’s approach were speciϐic.

1.10.4 9.4 Keating 1989‑1991: Australia’s domestic precedent

Australia experienced its own Volcker‑style episode in 1989‑1991. The dual breach risk was concentrated in A
approaching threshold and B deteriorating. The Reserve Bank of Australia undertook aggressive tightening:

• Cash rate raised from approximately 10% in early 1988 to 17.5% by end‑1989
• Maintained at restrictive levels through 1990

Outcome: ‑ B fully breached (unemployment to 11.0% in 1992) ‑ A returned to target band by 1991 ‑ C and H
did not converge to crisis—both remained well‑buffered ‑ Australia experienced “the recession we had to have,”
but avoided dual breach
The post‑Keating decade (1992‑2007) then featured 30 years of recession‑free growth.

1.10.5 9.5 Where Australia 2026 ϐits

Australia 2026’s path distribution under the framework is best characterized qualitatively rather thanwith
numerical probabilities. The 30‑case historical sample is too small to support quantitative probability calibra‑
tion. We characterize four possible paths in qualitative terms:

1. Slow synchronization path: gradual erosion of dimensional buffers over 5‑10 years, with eventual dual
breach in the late part of this window if policy direction is unchanged. We characterize this as the frame‑
work’s central scenario based on extrapolation of current PPLE trajectory and the absence of structural
circuit‑breakers in the current policy mix.

2. Fast synchronization path: an external shock (China‑related export shock, regional banking event, sus‑
tained energy price spike) triggers dual breach within 2‑3 years. This path requires both elevated cur‑
rent vulnerability (which is supported by current PLDI readings) and a triggering event (which is path‑
dependent on factors outside the framework).

3. Sequenced demolition path: political conditions shift sufϐiciently to support Volcker‑Keating style ag‑
gressive tightening, breaking inϐlation expectations and rebuilding policy capacity at the cost of substan‑
tial short‑term unemployment. Section 12 argues this path requires political conditions not currently in
evidence.

4. Soft landingpath: mainstream institutional forecasts hold andunderlying conditions improve faster than
current PPLE consumes buffer. This requires either (i) underlying economic improvement (China demand
recovery, energy price decline, productivity surge), or (ii) policy adjustment toward de‑synchronizing
measures absent from the current portfolio.

We do not assign numerical probabilities to these paths. Each path’s probability depends on factors—external
shocks, policy adjustments, structural changes—whose joint distribution is not credibly estimable fromtheavail‑
able data. The framework’s claim is moremodest: paths 1‑3 collectively warrant substantially more probability
weight than they receive in current institutional forecasts, and path 4 (soft landing) warrants substantially less.
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1.11 10. Counterfactual: Sequenced Demolition for Australia 2026‑2030
1.11.1 10.1 Policy mix speciϐication

Drawing on the Volcker‑Keating precedents, we specify a counterfactual policy mix designed to defuse Aus‑
tralia’s synchronization risk through sequential rather than synchronized stress.
Component 1 · Aggressive monetary tightening to 6.0‑6.5%

The RBA cash rate is raised from 4.35% to 6.00‑6.50% over 12 months. Justiϐication: ‑ Taylor Rule benchmark
implies cash rate of 6.0% ‑ Real cash rate would move from −0.25% to +1.4‑1.9% (materially restrictive) ‑ Inϐla‑
tion expectations would face credible challenge
Expected effects: ‑ A: Expected to fall to 3.0‑3.5% within 12‑18 months ‑ B: Expected to rise from 4.3% to 5.5‑
6.0% ‑ H: Mortgage stress would intensify; arrears could rise from 0.6% to 1.5‑2.5% ‑ C: Some debt service cost
increase, partially offset by reduced cross‑subsidy needs
Component 2 · APRA‑coordinated banking system support

APRA increases CET1 capital requirements from 10.25% to 14.0%. Pre‑emptively absorbs anticipated H‑sector
stress through bank balance sheets.
Component 3 · Fiscal consolidation and termination of cross‑subsidies

Federal ϐiscal stance shifts from approximately −1.0% structural deϐicit to approximately +0.5% structural sur‑
plus over24months. Speciϐicmeasures: ‑ Cancellationof Stage3+ tax cuts ‑ Phasedwithdrawal of energy rebates
‑ Termination of FHB subsidies that increase H pressure ‑ Maintenance of essential services with productivity‑
focused efϐiciency measures
Component 4 · Productivity Commission 47 reforms implementation

Negligible immediate ϐiscal cost but improves potential output, raising the threshold at which inϐlation
re‑emerges.

1.11.2 10.2 Expected PLDI trajectory under counterfactual

Table 10.1 · Illustrative PLDI Trajectories Under Two Policy Scenarios

The values in Table 10.1 are illustrative simulations rather than forecasts. They derive from extending current
trends mechanically under two stylized policy scenarios, with the following key simpliϐications:

• Constant elasticities of dimensional response to policy interventions
• Absence of external shocks
• Unchanged underlying structural conditions
• No policy adjustment in response to observed deterioration

Each of these simpliϐications is unrealistic. Real trajectories will differ substantially from these illustrations as
new shocks emerge and policymakers adjust. The purpose of presenting these illustrations is not predictive
but comparative: under identical simplifying assumptions, the counterfactual policy mix produces materially
better trajectory characteristics than the baseline.

Period Baseline (current policy)
Counterfactual (Sequenced
Demolition)

2026‑Q1 (current) 1.16 1.16
2026‑Q4 1.05 0.92 (deeper short‑term stress)
2027‑Q2 0.92 0.85 (transition trough)
2027‑Q4 0.78 (Talon Threshold breached) 1.05 (recovering)
2028‑Q4 0.65 (deep crisis zone) 1.45 (warning zone, improving)
2030‑Q4 0.45 (synchronized crisis) 1.85 (safe zone)
2032‑Q4 0.35 (deep crisis) 2.10 (sustained safe zone)
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Speciϐically, what the table is intended to show: ‑ Counterfactual involves deeper short‑term stress ‑ Counterfac‑
tual avoids Talon Threshold breach in baseline calibration ‑ Counterfactual produces sustained recovery to safe
zone ‑ Baseline produces sustained deterioration
These directional ϐindings are robust to plausible elasticity variation; the speciϐic PLDI values at each future date
are not.
Note on time‑to‑breach reconciliation: §8.5 reports that under baseline elasticities, simple linear extrapola‑
tion suggests Talon Threshold proximity within roughly 12 months (mechanical: 1.16 − 0.35 ≈ 0.81 after one
year of aggregate PPLE acting at full strength). Table 10.1 above shows quarterly trajectories with the threshold
breached at 2027‑Q4 (~21months from 2026‑Q1), reϐlectingmore conservative dynamic assumptions: gradual
rather than instantaneous PPLE realization, lagged dimensional responses (the 24‑month elasticity proϐiles in
§6.2 imply that full effect emerges over 2 years rather than 1), and partial automatic stabilization. Both repre‑
sentations are illustrative rather than predictive; they bracket a plausible window of 12‑24 months for Talon
Threshold breach under unchanged policy. The qualitative ϐinding—that the current policy trajectory pushes
the system toward the Talon Threshold within an actionable policy horizon—is robust to the speciϐic time‑to‑
breach point estimate.

1.11.3 10.3 Risk‑reward analysis

Risks of the counterfactual approach: ‑ B dimension stress: unemployment to 5.5‑6.0% ‑ Short‑term GDP
contraction of approximately 1.5‑2.5% ‑Housing price decline of 15‑25%over 18months ‑ Banking sector stress
requiring active APRA management ‑ Substantial political backlash
Rewards: ‑ Avoidance of synchronized 4‑dimensional crisis ‑ Restoration of monetary policy capacity (400‑
500bp ease space) ‑ Restoration of ϐiscal capacity (debt trajectory reverses) ‑ Re‑anchoring of inϐlation expecta‑
tions ‑ Likely 5‑10 year period of subsequent stable expansion
Risks of the baseline approach: ‑ Substantially higher probability of synchronized crisis within 5‑10 years
‑ Crisis is harder to manage than recession ‑ Policy capacity substantially eroded by the time crisis arrives ‑
Recovery from synchronized crisis takes 5‑15 years

1.11.4 10.4 Implementation pathway

Months 0‑3: Public framing; preparation of stakeholder communications; APRA initiation of capital framework
consultation. Months 3‑9: RBA cash rate increases of 25‑50bp per meeting; Treasury announcement of Stage
3+ cancellation; APRA capital framework ϐinalization. Months 9‑18: Continuation of restrictive stance; moni‑
toring; emergency intervention if H stress exceeds banking system buffers. Months 18‑30: Initial loosening as
A returns to target band; assessment of cumulative damage; structural reform implementation. Months 30+:
Gradual return to normal monetary stance with restored policy capacity.
This pathway is operationally feasible. The barriers are political rather than technical.

1.12 10’. Counterfactual: Sequenced Demolition for Canada 2026‑2030
1.12.1 10’.1 Policy mix speciϐication

Drawing on the Volcker‑Keating precedents (§9) and the AUS §10 Sequenced Demolition template, we specify a
Canada‑speciϐic counterfactual policy mix designed to ϐlip the aggregate PPLE from −0.085 (mildly synchroniz‑
ing, §8’.3) to approximately +0.15 (mildly defusing) over a ϐive‑year horizon. The mix exploits Canada’s three
structural advantages relative to Australia—direct OSFImacroprudential authority, federal‑provincial revenue‑
sharing on housing taxation, and an exceptionally large C‑channel buffer (federal gross debt 33% GDP, well be‑
low Cal B τ_C = 66%) — to demolish phase‑locking pressure sequentially rather than synchronously.
Component 1 · Bank of Canada monetary normalization: The BoC’s 2024‑25 easing cycle (5.00% → 2.75%
over Jun‑2024 toApr‑2025) is the single largest Fuse+ contribution to the current portfolio (−0.645 central PPLE
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× 0.70% cost‑share = −0.138 aggregate contribution, equal to 162% of the aggregate −0.085 in absolute terms).
The counterfactual pauses the easing cycle at 3.50% (instead of cutting to 2.25‑2.50% in 2026) and resumes
rate normalization from 2026‑Q2 onward, reaching a terminal rate of 4.00‑4.25% by 2027‑Q4 — broadly con‑
sistent with a Taylor Rule benchmark given Canada’s 2.4% CPI and persistent shelter inϐlation. Expected PPLE
contribution: shift the BoC line from −0.645 to approximately −0.20, contributing +0.32 cost‑share‑weighted
improvement.
Component 2 · Finance Canada ϐiscal consolidation: The current portfolio’s three Carney reversals (carbon
tax repeal, capital gains hike cancellation, DST rescission; combined 0.65%GDP foregone revenue) plus theMar‑
2026 NATO 2% defence acceleration (1.0% incremental annual cost) collectively consume C‑channel buffer at
approximately 1.65% GDP per year. The counterfactual: (i) restore the consumer carbon tax at a phased sched‑
ule (rebated to lowest‑income quintile to mitigate political cost); (ii) implement the original 50→67% capital
gains inclusion hike at the announced 2024‑06 threshold; (iii) delay the NATO 2% acceleration from Mar‑2026
to 2030 (Canada’s original 2032 commitment), capturing approximately CAD8bn/yr revenue restoration + CAD
18 bn/yr expenditure restraint over 2026‑2030. TheDST ismore politically constrained (US tariff pressure) and
is held in abeyance. Aggregate ϐiscal component: approximately +0.10 cost‑share‑weighted PPLE improvement.
Component 3 · OSFImacroprudential tightening: Building on the current portfolio’s OSFIMQR removal + LTI
portfolio cap (single highest per‑cost‑unit Defuser+ at central PPLE +1.579), the counterfactual: (a) tighten the
LTI cap from the current portfolio‑share threshold (~15% of new originations >4.5× income) to a hard 10% cap
by 2026‑Q4, plus extension of the cap to switches and reϐinances (currently exempt); (b) reinstate the full Mini‑
mumQualifying Rate (MQR) for uninsuredmortgages at the higher of contract rate + 200bp or 5.25%, reversing
the Nov‑2024 MQR removal that was the net‑ambiguous element of the original OSFI policy; (c) introduce a
portfolio‑level debt service ratio (DSR) cap at 42% of gross income for new originations. Expected PPLE con‑
tribution: the OSFI line shifts from current +1.579 to approximately +2.0‑2.2 with an effective cost‑share of
0.07‑0.08%, contributing approximately +0.05 cost‑share‑weighted improvement.
Component 4 · CMHC supply‑side acceleration: The current Housing Accelerator Fund at $4.4 bn over 2024‑
2028 (rolling) reads as Defuser+ (central PPLE +0.717) but operates at only 0.04% GDP cost — high per‑cost‑
unit leverage but small absolute scale. The counterfactual: expand HAF to $10 bn over 2026‑2030 (approx‑
imately doubling the annual run‑rate to ~$2 bn/yr), plus parallel federal Public Lands for Homes expansion
(currently the Carney government’s $1.5 bn modest commitment scaled to $5 bn), plus federal direct‑build tar‑
get of 50,000 units/yr through CMHC commercial ϐinancing. Total counterfactual housing supply cost: approx‑
imately 0.15% GDP annual (vs current 0.04%). Aggregate housing‑supply component: approximately +0.025
cost‑share‑weighted improvement. Supply effects materialize at 24‑36 month lag.
Component 5 · Provincial coordination: The current portfolio includes a single provincial line (BC SVT 3%
hike + APTT 20%) at +0.561 central PPLE. The counterfactual federalizes minimum standards: (a) federal‑
mandated minimum 20% foreign‑buyer transfer tax across all Census Metropolitan Areas (CMAs) with foreign‑
buyer share >5%; (b) federal‑mandated minimum 5% annual vacancy tax across all CMAs with vacancy rate
<1.5%; (c) federal‑provincial housing council established by 2026‑Q4 to coordinate the minimum‑standards
regime + provide $2 bn/yr matching funds for provinces implementing standards. Aggregate contribution: ap‑
proximately +0.03 cost‑share‑weighted improvement.
Aggregate counterfactual PPLE: Combining the ϐive components yields aggregate cost‑share‑weighted PPLE ≈
+0.15 ± 0.05 (central estimate +0.15, 90% CI [+0.08, +0.22]), a swing of approximately +0.235 from the current
portfolio’s −0.085 to a mid‑Defuser counterfactual.

1.12.2 10’.2 Expected PLDI trajectory under counterfactual

Table 10’.1 · Illustrative PLDI Trajectories Under Two Policy Scenarios (Canada)

The values in Table 10’.1 are illustrative simulations rather than forecasts, paralleling AUS §10.2 caveat (paper
lines 1320‑1327). They derive from extending current trends mechanically under two stylized policy scenar‑
ios under the simplifying assumptions of constant elasticities, absence of external shocks, unchanged structural
conditions, and no policy adjustment in response to observed deterioration. The purpose is comparative rather
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than predictive: under identical simplifying assumptions, the Canadian counterfactual policy mix produces ma‑
terially better trajectory characteristics than baseline.

Period Baseline (current portfolio)
Counterfactual (Sequenced
Demolition)

2025‑Q3 (anchor) 0.99 0.99
2026‑Q4 0.88 0.93 (transition stress beginning)
2027‑Q1 (counterfactual trough) 0.86 0.91 (BoC tightening peak; OSFI

binding)
2027‑Q4 0.81 (warning, approaching

Threshold)
1.10 (recovery onset; defusers
compounding)

2028‑Q4 0.70 (crisis‑proximate) 1.40 (warning toward safe)
2030‑Q4 0.54 (Talon Threshold breached →

Crisis zone)
1.85 (approaching Safe zone)

Figure 6: Figure 6 · Canada PLDI projection 2025‑2030 under baseline and counterfactual policy mixes. Solid
red = baseline (current portfolio); solid green = counterfactual Sequenced Demolition. Reference lines at 1.50
(Safe) and 0.80 (Talon Threshold). The counterfactual involvesmoderately deeper short‑term stress in 2026‑Q1
to 2027‑Q1 (trough 0.91 vs baseline 0.86) but avoids Talon Threshold breach and produces sustained recovery
toward Safe zone by 2030‑Q4 (PLDI 1.85); baseline produces sustained deterioration into Crisis zone (PLDI
0.54). These directional ϐindings are robust to plausible elasticity variation; the speciϐic PLDI values at each
future date are not.

The qualitative ϐindings: counterfactual involves moderately deeper short‑term stress in 2026‑Q1 to 2027‑Q1
(PLDI falls to ~0.91 at trough vs baseline 0.86, less than AUS §10.2’s analogous trough margin because Canada’s
BoC tightening is calibrated less aggressively, 100bp vs AUS 200bp range); counterfactual avoids Talon Thresh‑
old breach (0.80) under baseline calibration; counterfactual produces sustained recovery toward Safe zone by
2030‑Q4 (PLDI 1.85); baseline produces sustained deterioration into Crisis zone (PLDI 0.54). These directional
ϐindings are robust to plausible elasticity variation; the speciϐic PLDI values at each future date are not.
Note on Talon Threshold breach timing: §8’.3.5 reports that under baseline elasticities and current portfo‑
lio PPLE of −0.085 with the 2025‑Q3 anchor of 0.988, simple linear projection reaches Talon Threshold (0.80)
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Figure 7: Figure 7 · Canada Sequenced Demolition policy mix ϐive‑component trajectory decomposition. Bar
chart showing per‑component cost‑share‑weighted PPLE contribution (Component 1 BoC monetary normal‑
ization +0.32; Component 2 ϐiscal consolidation +0.10; Component 3 OSFI macroprudential tightening +0.05;
Component 4 CMHC supply‑side acceleration +0.025; Component 5 provincial coordination +0.03; total +0.235
swing from baseline −0.085 to counterfactual +0.15). Inset shows the 30‑month implementation pathway with
phase markers at months 0‑3 (public framing), 3‑9 (BoC pause + ϐiscal package), 9‑18 (BoC restrictive normal‑
ization start), 18‑30 (terminal rate held), and 30+ (gradual normal‑stance return).
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at approximately 2030‑Q3 (~21 quarters from 2025‑Q3). Table 10’.1 above shows 0.80 breached at 2027‑Q4
(~9 quarters), reϐlecting more conservative dynamic assumptions: gradual rather than instantaneous PPLE re‑
alization, lagged dimensional responses, and partial inϐlation‑expectations adjustment. Both representations
are illustrative rather than predictive; they bracket a plausible window of 9‑21 quarters for Talon Threshold
breach under unchanged policy. The qualitative ϐinding — that the current policy trajectory pushes the system
toward the Talon Threshold within an actionable policy horizon— is robust to the speciϐic time‑to‑breach point
estimate.

1.12.3 10’.3 Risk‑reward analysis

Risks of the counterfactual approach: ‑ B dimension stress: unemployment rises from current 7.1% to 7.4‑
7.7% over 2026‑2027 transition (less severe than AUS counterfactual 5.5‑6.0% from 4.1% base because Canada
starts further from full employment and OSFI absorbs some H‑stress that would otherwise ϐlow through to lay‑
offs); recovery to ~7.0% by 2030. ‑ H dimension acute stress 2026‑2027: OSFI LTI 10% hard cap + MQR re‑
instatement + BoC pause produces a sharp short‑term mortgage market disruption; arrears could rise from
0.20% (2025‑Q3) to 0.40‑0.60% by 2027 (vs AUS counterfactual 1.5‑2.5% from 0.6% base). ‑ Short‑term GDP
contraction of approximately 0.8‑1.5% in 2026‑2027 (vs AUS counterfactual 1.5‑2.5%; Canada’s smaller GDP
drag reϐlects compositional difference + stronger commodity‑export buffer). ‑ House price decline of 8‑15%
over 18months (vs AUS counterfactual 15‑25%; Canada’s housing market has already absorbed the 2022‑2024
correction). ‑ Political backlash: carbon tax restoration is the highest‑cost component politically (Carney explic‑
itly campaigned on repeal); capital gains hike restoration moderately politically costly; NATO 2% delay carries
diplomatic cost with US/EU partners.
Rewards: ‑ Avoidance of synchronized 4‑dimensional crisis: counterfactual trough 0.91 vs baseline crisis ϐloor
0.54 (1.69× ratio of crisis depth avoided). ‑ Restoration of BoC monetary policy capacity: terminal 4.00‑4.25%
rate provides approximately 200bp ease space vs current trajectory toward 2.0‑2.25% (zero practical ease
space). ‑ Restoration of ϐiscal capacity: deferred NATO 2% spending + restored carbon tax revenue produces
approximately 1.2% GDP improvement in C‑channel buffer over 2026‑2030. ‑ Re‑anchoring of CPI expectations
toward 2% target. ‑ Sequenced rather than synchronized demolition: H‑channel stress is front‑loaded into
2026‑2027 (when OSFI + BoC act), B‑channel stress is back‑loaded (employment recovery 2028‑2030), C‑
channel rebuilds steadily, A‑channel stabilizes early. The 4‑dimensional sequencing achieves the framework’s
central insight: demolish each load‑bearing wall in turn, rather than collapsing them simultaneously.
Risks of the baseline approach: ‑ Substantially higher probability of synchronized crisis within 5‑10 years:
§8’.3.4 Tail‑PPLE | (PLDI < 0.5 within 24months) of −0.85 for the BoC easing line indicates the baseline path has
7‑15% probability of reaching crisis zone if H‑channel near‑ϐloor ampliϐication realizes. ‑ Crisis from this conϐig‑
uration is harder tomanage than a recession: §9historical comparison shows synchronized4‑dimensional crisis
(Argentina 2001‑02, Japan 1989‑93, Greece 2010‑15) takes 5‑15 years to recover vs a sequenced demolition re‑
cession that recovers in 3‑5 years. ‑ Policy capacity erosion: under baseline, BoC reaches policy ϐloor (2.0%) by
2026‑Q4with no ease space; ϐiscal capacity continues to erode as NATO 2%+ Carney reversals consume buffer. ‑
Recovery from synchronized 4‑dimensional crisis: with Canada‑speciϐic aggravating factor that the 5‑year ϐixed‑
rate mortgage repricing wall (estimated $250 bn reϐinancing volume 2026‑2028) creates a “second wave” of
H‑channel stress arriving after policy capacity has been exhausted.
Theprobability‑weighted comparison strongly favors the counterfactual: expected loss reduction approximately
1.30× PLDI units (1.85 − 0.54 endpoint differential), with the counterfactual transition stress (PLDI 0.91 vs 0.99
anchor) representing a tractable short‑term cost. Per AUS §10.3 parallel reasoning, the operational barriers to
the counterfactual are political rather than technical.

1.12.4 10’.4 Implementation pathway

TheCanadian SequencedDemolition requires coordination across six institutional actors: Bank of Canada (BoC),
Finance Canada / Department of Finance, Ofϐice of the Superintendent of Financial Institutions (OSFI), Canada
Mortgage and Housing Corporation (CMHC), provincial governments (lead by BC + Ontario), and Parliamentary
Budget Ofϐicer (PBO).
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Months 0‑3 (mid‑2026 to late‑2026): Public framing initiation—Finance Canada releases counterfactual pol‑
icy framework as part of Budget 2026 deliberation; BoC Governor signals shift in forward guidance at Sep 2026
MPCmeeting; OSFI initiates Annual Risk Report consultation on LTI tightening +MQR reinstatement; CMHCpub‑
lishes scaled HAF ϐinancing framework; PBO commissioned to publish independent cost‑beneϐit assessment.
Months 3‑9 (late‑2026 to mid‑2027): BoC pauses easing cycle at 3.50% (BoC October‑2026 MPC meeting);
Finance Canada Budget 2027 announces carbon tax restoration schedule (phased Jan‑2027 through Jan‑2029
with rebate to low‑income quintile), capital gains 50→67% inclusion threshold re‑implementation, and NATO
2%delay; OSFI ϐinalizes LTI 10%hard cap +MQR reinstatement (binding from2027‑Q1); CMHC announcesHAF
$10 bn expansion + Public Lands for Homes $5 bn expansion; federal‑provincial housing council established.
Months 9‑18 (mid‑2027 to early‑2028): BoC begins restrictive normalization (25bp increments starting Apr‑
2027), reaching 4.00% by Jan‑2028; emergency intervention protocols activated if H‑channel stress exceeds
OSFI threshold (e.g., arrears >0.45%, default rate >0.40%); PBO publishes 18‑month progress assessment;
provincial implementation of federal‑mandated minimum FBT/vacancy tax standards (deadline 2028‑Q1).
Months 18‑30 (early‑2028 to late‑2029): BoC reaches terminal rate (4.00‑4.25%) and holds; Finance Canada
Budget 2029 reports on counterfactual ϐiscal consolidation outcomes; OSFI begins assessment of LTI cap relax‑
ation criteria; CMHC reports on supply‑side delivery (50,000 units/yr target); recovery phase consolidates.
Months 30+ (2030 onward): Gradual return to normal monetary stance (BoC easing space 200bp); structural
reform implementation (Productivity Commission of Canada equivalent established); assessment of cumulative
trajectory against PLDI 1.85 target.
Institutional coordination requirements: Each of the six actors retains existing legislative mandate to imple‑
ment their component without new primary legislation, with the exception of (a) federal‑mandated provincial
FBT/vacancy tax standards (requires First Ministers’ Conference agreement or Canada Health Transfer‑style
conditional grants), and (b) the federal‑provincial housing council formal establishment (requires intergovern‑
mental agreement). PBO independence is critical for sustained political support. The barriers are political (car‑
bon tax restoration politically costly post‑Carney electoral mandate; NATO 2% delay diplomatically costly; cap‑
ital gains hike restoration moderately costly across professional/business voting blocs) rather than technical.
The Volcker‑Keating precedent (§9) demonstrates that the political cost of sequenced demolition is recoverable
over a single electoral cycle when (i) the institutional design provides credible commitment (Bank of Canada
Act independence + OSFI statutory authority + PBO statutory independence collectively serve this role), (ii)
the macroeconomic outcome is publicly observable within 3‑5 years, and (iii) the alternative scenario (baseline
crisis trajectory) is publicly framed as the comparator. Canada’s institutional infrastructure for credible commit‑
ment is, if anything, stronger than Australia’s at the same point in the cycle — the OSFI direct macroprudential
authority is the key structural advantage that makes the Sequenced Demolition counterfactual operationally
more tractable in Canada than the parallel exercise would be in Australia.

1.13 11. Ex‑post Validation of PPLE‑Based Policy Classiϐication
1.13.1 11.1 Motivation and selection criteria

The framework’s central operational claim— that PPLE provides a quantitative classiϐication of whether a given
policy is positive or negative for the macroeconomy — has rested in earlier sections on three sources: the §6
mechanism speciϐication, the §8.3 Australia 2026 forward‑looking forecast (n = 1, prospective), and the §9 nar‑
rative historical comparison (no quantitative ex‑ante prediction). This is a methodologically incomplete founda‑
tion: a reviewer asking “show me historical policy decisions where your framework said the right thing before
the outcome was known” cannot be answered without an explicit ex‑post validation track record.
This section closes that gap. Weassemble a 10‑case set of historical policy events satisfying ϐive selection criteria:
(i) a speciϐic implementation date with a clear policy event; (ii) ABCH data observable at both t0‑ε baseline and
t0+24m endpoint; (iii) the t0+24m horizon already resolved (excludes the §8.3 prospective Australia case); (iv)
the framework’s ex‑ante PPLE prediction unambiguous on at least one dimension; (v) mixed political directions
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across the case set to avoid framework being read as politically biased. The selected cases span 1979‑2025, four
monetary policy events, four ϐiscal policy events, two emerging‑market shock therapy events, and four political
coalitions (left, right, technocrat, populist).
The 10 cases are: (1) Truss UK 2022‑09mini‑budget; (2) Volcker Fed 1979‑82 disinϐlation; (3) Keating Australia
1988‑91 tightening; (4) Rudd Australia 2009 GFC stimulus; (5) Greek austerity 2010‑12 Troika MOU; (6) Abe‑
nomics Japan 2013 QQE; (7) Biden ARP 2021 USD 1.9T; (8) Trump TCJA 2017 + tariffs 2018‑19; (9) Erdogan
Turkey 2021‑23 heterodox monetary; (10) Milei Argentina 2023‑25 shock therapy.

1.13.2 11.2 Methodology

For each case, the workϐlow is:
Step A: deϐine policy event (country, date t0, type, magnitude, §6.2 channel mapping).
Step B: compute t0‑ε baseline ABCH and Calibration A PLDI + PLDI_pr using only information available before
the policy implementation.
Step C: derive an ex‑ante PPLE prediction per channel using §6.2 dimension‑by‑dimension policy effect mod‑
eling and §6.5 / §6.5c elasticity ranges. The prediction has three components: signed direction per channel,
magnitude range per channel, and identiϐication of the predicted‑dominant policy‑induced channel.
Step D: retrieve the observed ABCH at t0+24m endpoint and compute the observed ΔPLDI. Then construct a
peer‑country counterfactual by computing the same Δ on 6‑8 advanced‑economy or emerging‑market peers
depending on the case context, and report the peer‑adjusted excess (the country’s Δ minus the peer‑average Δ).
The peer‑adjusted excess is the framework’s signal of policy‑attributable effect net of contemporaneous global
shocks.
Step E: score the prediction on three criteria, each scoring 0, 0.5 (partial), or 1. (i)Direction: did the predicted‑
dominant policy‑induced channelmove in the predicted direction on the peer‑adjusted reading? (ii)Magnitude:
was the predictedmagnitudewithin ±50%of the peer‑adjusted observedmagnitude? (iii)Channel attribution:
did thepredicted‑dominant policy‑induced channel turnout tobe themost‑affectedABCHdimension in thepeer‑
adjusted reading? A case is classiϐied as “consistent with framework prediction” if its total score reaches ≥ 2 of
3.
Step F: document caveats and confounders, including external shocks during the 24m window that contami‑
nate the outcome, counterfactual identiϐication challenges, and policy‑implementation deviations from the an‑
nounced policy.
Full per‑case methodology, peer‑adjusted tables, and replication‑grade computation details are reported in the
per‑case audit documents outputs/ex_post_case0X_*.md for X ∈ {1, …, 10}.

1.13.3 11.3 Case 1 · Truss UKmini‑budget (2022‑09‑23 announcement; partial reversal 2022‑10‑17)

TheKwartengmini‑budget proposed£45bn (≈0.7%ofGDP/yearover5years) of unfunded tax cuts, immediately
triggering a sterling crisis and 30‑year gilt yield spike. The framework’s ex‑ante PPLE prediction was C‑channel
negative via direct gov‑debt accumulation (+3 to +4 pp ΔC at 24m from Truss policy alone). UK observed ΔC at
2024‑Q3 was +4.5 pp absolute (peer‑adjusted excess +4.3 pp vs the average of {DEU, FRA, ITA, ESP, USA}). The
peer‑adjustedΔCpeer‑excess is at the upper end of the framework’s prediction; the channel‑attributionmatch is
the dominant policy‑induced channel; the direction is correct. Score: 3/3 consistent. The case scores notably
even though most of the announced policy was politically reversed within 24 days — this is the framework
correctly classifying the policy direction even when implementation was incomplete.

1.13.4 11.4 Case 2 · Volcker Fed disinϐlation (1979‑10 onwards, 48m horizon)

Fed switches to reserves targeting on 1979‑10‑06; Fed funds rate from ~11% to 20% peak. Framework’s ex‑
ante PPLE prediction at 48m: A‑channel aggressive disinϐlation as intended primary effect (predicted ΔA −3
to −6 pp); B‑channel sacriϐice cost (predicted ΔB +2 to +4 pp). USA observed (annual, 1978 → 1983): ΔA =
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−3.36 pp; peer‑adjusted excess −3.05 pp (parallel UK Thatcher tightening is the comparable peer signal); ΔB =
+3.5 pp; peer‑adjusted excess +0.65 pp. Both channels match prediction in direction, magnitude, and intended
attribution. Score: 3/3 consistent. The 48m horizon is necessary; the 24m reading (1981) captures only the
transitional phase with A still elevated and B rising. This case is the framework’s strongest “policy as intended”
empirical record in the 10‑case set.

1.13.5 11.5 Case 3 · Keating Australia recession (1988‑91 RBA tightening)

RBA cash rate +650bp from11.5% (1988‑Q1) to 18%(1989‑Q3). Framework prediction: A‑channel disinϐlation
(predicted ΔA −3 to −5 pp at 48m); B‑channel sacriϐice (predicted ΔB +2 to +4 pp). AUS observed (1988→1992):
ΔA = −6.25 pp; peer‑adjusted excess −6.42 pp (AUS uniquely characterised among 7 advanced‑economy peers);
ΔB = +3.5 pp; peer‑adjusted excess +2.89 pp. Score: 3/3 consistent. Together with the Volcker case (§11.4),
this establishes a two‑country two‑period replication of the monetary‑tightening PPLE prediction pattern.
The Keating case also surfaces a methodology divergence between Cal A PLDI and PLDI_pr: Cal A registers the
A‑resolution as ΔPLDI = +0.32 improvement; PLDI_pr instead deteriorates by −0.32 because its rolling country‑
speciϐic σ adapts to the abrupt CPI fall from 7% to 1% and re‑classiϐies recent quarters as more‑stressed. The
methodological lesson — discussed in §11.14 — is that PLDI_pr is unreliable under abrupt regime transitions
in either direction.

1.13.6 11.6 Case 4 · Rudd Australia GFC stimulus (2009‑02 Nation Building and Jobs Plan)

Rudd government delivers 42𝑏𝑛(A, ≈ 4% of GDP) counter‑cyclical stimulus through cash payments + infrastruc‑
ture + insulation programmes. Framework prediction: B‑channel recession‑aversion (AUS ΔB should rise by
LESS than peer average); C‑channel ϐiscal cost (mechanical). AUS observed (2008‑Q4 → 2011‑Q1): ΔB = +0.83
pp; peer‑adjusted excess −0.39 pp (AUS unemp rose less than peers, but the magnitude is at the smaller end of
the framework’s predicted range of −0.5 to −1.5 pp peer‑adjusted savings). C‑channel observed ΔC = +15.81 pp
absolute (peer‑adjusted excess −3.5 pp — counterintuitive: AUS debt rose less than peers because Rudd policy
partially prevented deeper recession‑driven debt accumulation that hit peers harder). Score: 2.5/3 partial‑
consistent. This is the framework’s ϐirst sub‑perfect case in the set, surfacing a partial‑magnitude pass: direc‑
tion and channel‑attribution correct but B‑channel magnitude smaller than the framework’s central estimate
(partly because parallel RBA easing + China‑trade stabiliser also contributed).

1.13.7 11.7 Case 5 · Greek austerity (2010‑05 Troika Memorandum of Understanding)

€110bn external bailout in exchange for ≈ 15‑17% of GDP cumulative ϐiscal consolidation: VAT raised, public‑
sector wages cut, pensions cut, retirement age raised. Framework’s ex‑ante PPLE prediction (using upper‑end
ϐiscal‑multiplier 1.5‑2.5 appropriate for liquidity‑trapped economies): B‑channel catastrophic worsening (+5 to
+10 pp at 24m); A‑channel deϐlation pressure; C‑channel counterintuitive headline WORSENING via denomina‑
tor collapse (austerity makes C‑headline worse short‑term because nominal GDP falls faster than nominal debt
grows); H‑channel mechanical worsening via same denominator effect.
GRC observed (2010‑Q1 → 2012‑Q1): ΔB = +11.70 pp (unemp doubled from 12.7% to 24.4%); peer‑adjusted
excess +9.64 pp; ΔA = −3.67 pp (deϐlation); peer‑adjusted excess −5.07 pp; ΔC = +26 pp (Eurostat headline);
peer‑adjusted excess +10.76 pp; ΔH = +7.10 pp; peer‑adjusted excess +10.37 pp. Every channel where the
framework predicted catastrophe is empirically conϐirmed at large peer‑adjusted magnitudes. Score:
3/3 consistent.

This is the framework’s strongest “would‑have‑warned‑you” case in the 10‑case set. The framework’s ex‑ante
prediction using upper‑range ϐiscal multipliers (1.5‑2.5) was independently corroborated by Blanchard and
Leigh (2013) IMF WP 13/1, who reported actual ϐiscal multipliers in the 2009‑2011 period were 1.7‑2.0 versus
the IMF’s original 0.5 assumption— conϐirmation of the framework’s ex‑ante range by an independent method‑
ology two years after the framework prediction would have been made.
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1.13.8 11.8 Case 6 · Abenomics Japan (2013‑04 BOJ QQE)

BOJ Kuroda announces “Quantitative and Qualitative Monetary Easing” with explicit 2% inϐlation target. Frame‑
work prediction: A‑channel low‑side escape from deϐlation (predicted ΔA +1 to +3 pp at 24m, well below the
2% target announcement but in the right direction); C‑channel mechanical headline improvement via denomi‑
nator effect (inϐlation erodes nominal yen‑denominated debt). JPN observed (2013‑Q1→ 2015‑Q1): ΔA = +0.47
pp (escape deϐlation but did not reach 2% target); peer‑adjusted excess +1.83 pp (uniquely positive A among 7
advanced peers during a global 2014 oil‑price‑driven disinϐlation cycle); ΔC = −0.67 pp absolute; peer‑adjusted
excess −2.01 pp (JPN headline debt fell more than peers, consistent with denominator prediction). Score: 3/3
consistent.

This case is the framework’s strongest deϐlation‑side A‑channel test, complementing the high‑A‑breach cases
(Volcker, Keating) and providing empirical support for the §3.1.1 A‑two‑sided design. The framework’s conser‑
vative magnitude bracketing (correctly predicting “escape deϐlation” rather than “achieve 2% target”) avoided
over‑claiming target achievement.

1.13.9 11.9 Case 7 · Biden American Rescue Plan (2021‑03‑11, USD 1.9T)

ARP signed (≈ 8.6% of GDP one‑shot) on top of CARESMar 2020 + Dec 2020 stimulus (cumulative ≈ 22% of GDP
within 12 months pre‑ARP). Framework’s ex‑ante PPLE prediction: A‑channel breach of τ_A = 6% threshold
within 12‑18months from the cumulative stimulus stack (ARP‑alone predicted +2 to +4 pp ΔA, stacked‑stimulus
+6 to+10pp). USAobserved: A‑channel peak+6.74ppΔA from2020‑Q4baseline (Q32022CPI7.99%, breaching
the threshold); peer‑adjusted reading is confounded by Ukraine war (2022‑02) affecting Eurozone peers more
than the USA; per‑unit‑stimulus inϐlation response was actually smaller in the USA than in the UK or Eurozone,
contradicting a strong “USA uniquely inϐlationary” reading.
The framework’s prediction convergeswith Larry Summers’ Feb‑2021WashingtonPost op‑ed ex‑anteprediction
of “inϐlationary pressures the likes of which we have not seen in a generation”. Both independent ex‑ante frame‑
works (PLDI’s structural ABCH approach + Summers’ ϐiscal‑multiplier‑vs‑output‑gap calculation) correctly an‑
ticipated the direction and broad timing; both arguably under‑estimated peak severity (9.1% peak); both par‑
tially missed the peer‑comparison nuance (USA not uniquely inϐlationary per‑unit‑stimulus). Score: 2.5/3
partial‑consistent (within‑country threshold breach correctly predicted; peer‑adjusted reading confounded).

1.13.10 11.10 Case 8 · Trump TCJA (2017‑12) + Section‑301 tariffs (2018‑Q3 onwards)

TCJA delivers ≈ $1.5T cumulative tax cut over 10 years (≈ 0.7‑0.8% of GDP/year); concurrent Section‑301 tariffs
on $250‑370bn of Chinese imports. Framework prediction: C‑channel deepens already‑breached USA gov debt
(predicted ΔC +1 to +3 pp at 24m); A‑channelmarginal tariff inϐlation; B‑channelmodest support. USA observed
(2017‑Q3 → 2019‑Q4): ΔC = +2.37 pp absolute; peer‑adjusted excess +3.01 pp (USA had the largest C accumu‑
lation among 8 advanced‑economy peers, where most peers were continuing ϐiscal consolidation). Score: 3/3
consistent. The framework’s quantitative ex‑ante prediction sided with CBO 2018 ($1.9T deϐicit increase pro‑
jection) rather than supply‑side claims of revenue neutrality, and was empirically vindicated.

1.13.11 11.11 Case 9 · Erdogan Turkey heterodox monetary policy (2021‑Q1 onwards)

TCMB policy rate cut from 19% to 8.5% over 24months while CPI YoY rose from 16% to 85%peak—Erdogan’s
heterodox “interest rates cause inϐlation” doctrine implementeddespite parallel currency crisis. Frameworkpre‑
diction: A‑channel catastrophic worsening (+15 to +30 pp at 24m from monetary doctrine + currency‑collapse
pass‑through). TUR observed (2021‑Q1 → 2023‑Q1): ΔA = +34.25 pp; peer‑adjusted excess +31.73 pp (TUR
uniquely the worst A outlier among 8 EM peers — Hungary at +12 pp is the next‑worst). Score: 3/3 consis‑
tent.

This case surfaces a critical methodology discovery on PLDI_pr behavior in hyperinϐlation contexts: PLDI_pr
moves from 0.585 to 1.631 over the 24m window — i.e., country‑speciϐic pseudo‑real‑time methodology says
Turkey moved OUT of crisis zone — while Calibration A PLDI (ϐixed thresholds) correctly stays at 0.18‑0.20
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throughout (deep crisis classiϐication but saturated at the d‑ϐloor and unable to differentiate worsening sever‑
ity). PLDI_pr’s rolling‑σ adaptation absorbs hyperinϐlation as the “new normal” and produces awrong‑direction
reading. The methodological implication is reported in §11.14: PLDI_pr is unreliable for emerging‑market hy‑
perinϐlation regimes; Cal A is appropriate.

1.13.12 11.12 Case 10 · Milei Argentina shock therapy (2023‑12‑10 onwards)

Milei inaugurated; immediate peso devaluation (USD/ARS 367 → 800; 54% devaluation); subsidies cut 30%+;
primary surplus achieved 2024‑Q1. Framework’s ex‑ante PPLE prediction is two‑stage: short‑term A‑channel
spike from devaluation pass‑through (predicted +50 to +150 pp peak at 0‑6 months); medium‑term A‑channel
collapse frommonetary discipline (predicted net −30 to −80 pp at 24months). ARG observed (2023‑Q4→2024‑
Q1 peak → 2025‑Q3 partial 21m endpoint): A peaked at +86.4 pp (within predicted +50‑150 range; Q1 2024
CPI 219.9%); A then collapsed to −91.57 pp from baseline at 21m (CPI 41.92%, slightly exceeding upper bound
of predicted −30 to −80 pp range but within ±50% acceptable). Peer‑adjusted excess (vs 6 EM peers in standard
mean‑reverting disinϐlation cycle) is −86.09pp. Score: 3/3 consistentwith explicit partial‑horizon caveat (24m
endpoint reading deferred to 2025‑Q4 data when available; 21m result is sufϐicient to score).
This case validates the framework’s ability to handle two‑stage time proϐiles, a feature required for shock‑
therapy cases where the policy design involves intentional short‑term disruption for medium‑term gain.

1.13.13 11.13 Canada Phase 3 extension (housing‑cooling portfolio + BoCmonetary tightening cycles)

The §11.4‑§11.12 case set covers 10 monetary / ϐiscal cases at the national level for advanced and emerging
economies, anchored on USA / UK / Australia / Greece / Japan / Argentina / Turkey. §11.13 extends the
validation to Canada with ϐive additional sub‑cases that test (i) §6.2 housing‑cooling rows added in v0.10.7
amendment + sub‑type 1 share‑scaling formalization + sub‑type 4 over‑prediction caveat in v0.10.8 + C‑channel
series‑choice methodology note in v0.10.9 (retired in v0.10.14 per reconciliation paragraph below), (ii)
cross‑country monetary‑tightening reproducibility across cycle‑magnitude regimes, (iii) the framework’s ϐirst
sub‑national‑portfolio‑bundle application, (iv) cross‑country ϐiscal‑expansion N=3 cross‑validation, and (v)
the framework’s ϐirst monetary‑easing direction symmetric‑application test. Detailed case ϐiles are in the sup‑
plementary working drafts canada_case_1_boc_2022_23.md (§11.13a), canada_case_3_boc_2017_18.md
(§11.13b), canada_case_2_bc_foreign_buyers_2017.md v0.2 + canada_case_4_ontario_nrst_2017.md +
canada_case_5_osfi_b20_2018.md + canada_case_bundle_section_11_16.md (§11.13c bundle composi‑
tion), canada_case_14_trudeau_covid_fiscal_2020.md (§11.13d), andcanada_case_15_boc_2020_emergency_cut.md
(§11.13e); this §11.13 reports the integrated summary.
v0.10.14 quantitative reconciliation (2026‑05‑12). The quantitative ϐigures in §11.13a‑e below were re‑
stated in working draft v0.10.14 following the Canada P3 data‑acquisition application’s discovery that the orig‑
inal cross‑country D3b panel used the IMF WEO general‑government‑net‑debt convention for Canada (~13%
of GDP in 2022) rather than the Federal Accumulated Deϐicit Public‑Accounts‑basis convention (~41‑45% of
GDP across 2022‑2025) implied by the §C.3 “general government net debt, federal‑only” speciϐication used for
Australia. The qualitative ϐindings (verdict classiϐications, 14/15 hit rate, political‑symmetry test, methodol‑
ogy limitations 1‑4) are series‑invariant and unchanged. The quantitative ΔC peer‑adjusted ϐigures and PLDI
level values are updated to use the Phase 1 Canada P3 panel (Statistics Canada CPI + StatCan / FRED LFS un‑
employment + Finance Canada FRT 2025 Public‑Accounts accumulated‑deϐicit % GDP + BIS HH credit % GDP;
full audit in d3b_data/outputs/canada_p3_phase1_audit.md and canada_p3_phase2_audit.md), matching
the AUS §C.3 federal‑only general‑government‑net‑debt convention. Cross‑country D3b panel C‑series consis‑
tency across all peer countries is deferred to future research; this v0.10.14 reconciliation focuses on Canada‑
speciϐic consistency with the AUS reference convention, so peer‑mean ΔC values are retained from the D3b
panel without amendment (transparent asymmetry: NEW Canada Δ is computed against OLD peer‑mean Δ).
The most material amendment is that ΔC for the two Trudeau‑era ϐiscal‑expansion cases (§11.13d, §11.13e)
sign‑ϐlips from negative to large positive under PA‑basis — correctly registering the largest peacetime fed‑
eral deϐicit in Canadian history (FY 2020‑21 CAD 327.7B) instead of the IMF‑WEO‑net‑debt‑driven “wrong‑sign”
reading ϐlagged in v0.10.9; the v0.10.9 §6.2 C‑channel series‑choice methodology note is consequently retired
in v0.10.14 (rephrased as a cross‑country convention‑mismatch ϐinding, not a federal‑only series limitation; see
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§6.2 note for full discussion).
Calibration regime disclosure for Canada §11.13 vs §8’.3 split (v0.10.14). The §11.13a‑e historical case
scoring uses Calibration A theoretical thresholds (τ_A_upper = 6.0%, τ_A_lower = 0.0%, τ_B = 7.0%, τ_C = 60%,
τ_H = 130%; §4.2), consistent with the §11.4‑§11.12 reference case scoring methodology to maintain cross‑
case comparability within the 15‑case combined set. The current‑state Canada PPLE assessment in §8’.3 below
(added in v0.10.14 alongside §7’.4 Canada policy inventory) instead uses Calibration B Canada‑tuned thresh‑
olds (τ_A_upper = 11.47%, τ_A_lower = −2.56%, τ_B = 11.30%, τ_C = 65.98%, τ_H = 104.74%; Canada P95 his‑
torical 1969‑2025 per §7’.2 calibration discussion) because Cal A is mis‑speciϐied for Canada current‑state de‑
ployment—Canada’s structural unemployment around 7.1%would hit the d_B ε‑ϐloor under Cal A’s τ_B = 7.0%,
producing a spurious Crisis‑zone classiϐication. The split (Cal A for historical cross‑case scoring, Cal B Canada‑
tuned for current‑state deployment) follows the same principle as the AUS §A.4 country‑baseline disclosure:
framework‑default thresholds for cross‑country comparability + country‑speciϐic calibration for deployment‑
quality. §13.8 reports a Cal A sensitivity re‑run for §8’.3 (speciϐically §13.8.4) to document calibration‑choice
impact on aggregate Canada PPLE.
§11.13a · Case11 ·BankofCanada2022‑23hiking cycle (2022‑03‑02 to2023‑07‑12, +475bpcumulative)

BoC raises overnight rate from 0.25% to 5.00% across 10 hikes [Bank of Canada press releases]. Framework’s
ex‑ante PPLE prediction at 24m (§6.2 monetary‑tightening row × +475bp): A‑channel disinϐlation predicted ΔA
‑1.90 to ‑3.33 pp; B‑channel sacriϐice cost predicted ΔB +1.43 to +2.85 pp; C‑channel mechanical worsening pre‑
dicted ΔC +0.48 to +1.90 pp; H‑channel deleveraging predicted ΔH ‑4.75 to ‑14.25 pp. CAN observed (2022‑Q1
→ 2024‑Q1, P3 panel vintage 2026‑05‑12): ΔA = ‑3.76 pp (peer‑adjusted +0.44); ΔB = +0.70 pp (peer‑adjusted
+0.43); ΔC_PA = ‑2.90 pp (peer‑adjusted ‑5.34, using PA‑basis Canada Δ against D3b peer‑meanΔC = +2.44, asym‑
metry per §11.13 intro reconciliation); ΔH = ‑4.80 pp (peer‑adjusted +0.16). A primary channel matches direc‑
tionwith attribution diluted by simultaneous Fed/ECB/BoE cycle; B sacriϐicematches direction at under‑bound
magnitude with clean Canada‑speciϐic attribution; H deleveraging matches direction at upper bound with di‑
luted attribution (Canada’s 5y ϐixed‑rate mortgage transmission lag). C channel reverses sign vs framework
prediction (‑2.90 PA‑basis vs predicted +1.19)— under v0.10.14 reconciliation this is now interpreted as a real
Liberal‑government ϐiscal‑consolidation pattern (PA debt fell from a 47.2%pandemic peak in 2021 to 41.1%
by 2023 as CERB/CEWS programs wound down and commodity‑windfall revenue surged), not a federal‑only‑
seriesmethodology artefact as previously framed under v0.10.9. Score: 2.5/3 partial‑consistent (unchanged).
PPLE estimate +0.37 (90% CI [+0.30, +0.59]) — Defuser+ classiϐication (unchanged). Canada PLDI on the PA‑
basis Cal A panel rose from 0.340 (Crisis) at 2022‑Q1 cycle start to 1.198 (Warning) at 2023‑Q1 and 1.136
(Warning) at 2024‑Q1 endpoint (net +0.86 over 24m, the largest single‑cycle PLDI improvement among the
framework’s reference cases under the PA‑basis vintage; the legacy IMF‑WEO‑net‑debt vintage reported a 0.462
Warning→1.523 Safe trajectory restated here for the §C.3‑aligned PA‑basis series). This case is the third consec‑
utive A‑via‑monetary‑tightening Defuser+ result (after §11.4 Volcker and §11.5 Keating), establishing a three‑
country two‑generation replication of the monetary‑tightening Defuser+ pattern.
§11.13b · Case 12 · Bank of Canada 2017‑18 hiking cycle (2017‑07‑12 to 2018‑10‑24, +125bp cumula‑
tive) — cross‑cycle reproducibility test

BoC raises overnight rate from 0.50% to 1.75% across 5 hikes. Framework’s ex‑ante PPLE prediction (§6.2
monetary‑tightening × +125bp, an order of magnitude smaller than §11.4 Volcker / §11.5 Keating / §11.13a
BoC 2022‑23): A‑channel disinϐlation predicted ΔA ‑0.50 to ‑0.88 pp; B‑channel sacriϐice cost +0.38 to +0.75
pp; C‑channel +0.13 to +0.50 pp; H‑channel ‑1.25 to ‑3.75 pp. CAN observed (2017‑Q3 → 2019‑Q3, P3 panel
vintage 2026‑05‑12): ΔA = +0.32 pp (peer‑adjusted +0.72); ΔB = ‑0.60 pp (peer‑adjusted ‑0.06); ΔC_PA = ‑
1.50 pp (peer‑adjusted ‑2.37, against D3b peer‑mean ΔC = +0.87 under v0.10.14 asymmetry); ΔH = +0.00 pp
(peer‑adjusted +1.12). All four channel realizations remain in the opposite direction of framework pre‑
diction at both absolute and peer‑adjusted levels (the ΔC magnitude shrinks meaningfully under PA‑basis
from ‑4.09/‑4.96 to ‑1.50/‑2.37, but the wrong‑direction reading is preserved). Score: 0.5/3 not‑consistent
(unchanged). Cross‑cycle comparison vs §11.13a BoC 2022‑23 (+475bp scoring 2.5/3 Defuser+) reveals the
framework’s monetary‑tightening verdict is conditional on cycle magnitude and macro stress regime: at
+125bp cumulative in benign‑inϐlation (CPI 1.7% Canada 2017) conditions, the framework’s prediction signal
is dominated by external macroeconomic factors and global rate‑divergence (USA Fed cutting 2019 while BoC
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paused). The four referencemonetary‑tightening cases (Volcker +900bp, Keating +650bp, BoC 2022‑23 +475bp,
BoC 2017‑18 +125bp) cluster suggestively into “applicable regime” (cycle ≥~+400bpwith stressed‑macro start‑
ing condition, all 2.5/3 or 3/3) vs “outside applicable regime” (cycle < +400bp with benign‑macro, fails). This
single‑case failure motivates the future‑research recommendation to empirically estimate the cycle‑magnitude
×macro‑stress applicability threshold; the framework users should not extrapolate the §11.4‑§11.5‑§11.13a De‑
fuser+ verdict to small‑cycle benign‑macro cases without ϐirst verifying regime conditions match. Methodology
Limitation candidate (N=1; not adopted in §11.14 main list pending N=2+ conϐirmation). Synthetic control
rescue caveat (v0.10.11 amendment per §11.16): the §11.13b 0.5/3 fail verdict under peer‑mean compari‑
son is partially softened by synthetic‑control evidence: synth ATT‑at‑endpoint = +0.22 d_a positive (treated
1.30 vs synth‑counterfactual 1.08, donor weights AUS 55% + SWE 36%), suggesting Canada’s A‑channel did im‑
prove vs the country‑speciϐic weighted counterfactual even at the +125bp cumulative cycle. The candidate cycle‑
magnitude × macro‑stress conditional‑applicability ϐinding is therefore downgraded from “supporting Method‑
ologyLimitation#4 candidate‑tightening‑extension” to “metric‑sensitive partial‑conϐirmation, retainedpending
N=2+ multi‑method validation”. See §11.16 for full synthetic‑control discussion.
§11.13c · Case 13 · Canada housing‑cooling portfolio bundle 2016‑2022 (7 policies)

Between 2016‑08 and 2023‑01, Canada implemented a 7‑policy housing‑cooling regime spanning federal
macroprudential (OSFI B‑20 2018‑01‑01 + 2021‑06‑01 upgrade), provincial foreign‑buyer transfer taxes
(BC FBT 2016‑08‑02, 15% Metro Vancouver; Ontario NRST 2017‑04‑21, 15% Greater Golden Horseshoe),
sub‑provincial vacancy / empty‑homes taxes (Vancouver EHT 2017‑01‑01; BC SVT 2018‑09), and federal
foreign‑buyer ban (2023‑01‑01). The portfolio is the framework’s ϐirst §11 housing‑cooling H‑channel applica‑
tion, evaluated under the §6.2 amendment v0.10.7. Framework’s ex‑ante PPLE prediction sums 4 quantiϐiable
§6.2 housing‑cooling rows: BC FBT −0.65 + Ontario NRST −0.40 (share‑scaled to ~7%Toronto FB share) + OSFI
B‑20 −3.0 + OSFI B‑20 2021 −1.5 = −5.55 pp HH/GDP at 24m peak per policy, decaying to approximately
−2.78 pp at 75m under conservative 50% decay assumption. Sign‑only rows (sub‑types 2, 3, 5) contribute
zero central with CI [−0.20, +0.20]. CAN observed (2016‑Q3 → 2022‑Q4, 75m horizon): ΔH absolute = −3.8 pp;
5‑peer mean (USA / GBR / AUS / JPN / DEU) = −3.3 pp; peer‑adjusted Canada‑speciϐic ΔH = −0.5 pp. Bundle
aggregate score: 2/3 partial‑consistent (direction � both absolute and peer‑adjusted; magnitude undershoots
aggregate prediction central by ~82%). The H observed and peer‑adjusted ϐigures are series‑invariant under
v0.10.14 reconciliation (BIS HH‑credit‑%‑GDP source identical between D3b and Phase 1 P3 panels). For
reference the case‑window C‑channel reading is ΔC_PA = +13.10 pp (Canada PA federal debt 31.9% at 2016‑Q3
→ 45.0% at 2022‑Q4, driven by Trudeau COVID ϐiscal in 2020‑2021); this is now correctly registering as
ϐiscal accumulation under the PA‑basis vintage (compared with the legacy IMF‑WEO‑net‑debt reading of +2.46
pp that under‑stated the COVID ϐiscal stack — see §11.13d / §11.13e for the same correction in narrower
windows). The 75m bundle PLDI trajectory on PA‑basis Cal A is 0.382 (Crisis) at 2016‑Q3 baseline → 0.374
(Crisis) at 2022‑Q4 endpoint — nearly ϐlat because H‑channel deleveraging (housing‑cooling effect) is offset
by simultaneous A‑channel breach (2022 inϐlation surge) and C‑channel deterioration (Trudeau ϐiscal), illus‑
trating the bundle’s H‑attributable signal being washed out by macro‑confounders over the long 75m horizon
and motivating the bundle‑vs‑individual‑policy approach. Bundle attribution decomposition independently
validates the §6.2 sub‑type 1 (Foreign‑buyer transfer tax) row at the 2‑MSA cross‑validation level: BC FBT 2016
(Vancouver, ≥ 10% FB share, row central ‑0.65 pp) observed ‑0.70 pp at 24m, gap 0.05 pp; Ontario NRST 2017
(Toronto, ~7% FB share, share‑scaled prediction ‑0.40 pp) observed ‑0.40 pp at 24m, gap 0.00 pp (exact match).
The share‑scaling rule formalized in §6.2 v0.10.8 amendment (linear in foreign‑buyer share above 5% ϐloor)
passes empirical 2‑MSA validation. Bundle attribution also conϐirms §6.2 sub‑type 4 (Macroprudential stress
test) row over‑prediction: at row central, sub‑type 4 should contribute ‑2.25 pp decay‑adjusted to bundle;
observed bundle peer‑adjusted ‑0.5 pp matches BC + Ontario rows alone with sub‑type 4 contributing ~0; this
corroborates the supplementary OSFI B‑20 2018 individual case ϐinding (N=2 evidence captured under §11.14
Methodology Limitation #4 below). PPLE classiϐication: weakly Defuser (central +0.10, CI [+0.01, +0.20]; un‑
changed). This case is methodologically distinctive as the framework’s ϐirst sub‑national‑bundled application,
demonstrating that the bundle approach successfully restores national PLDI attribution for policy portfolios
that individual sub‑national cases cannot deliver in isolation. Synthetic control sign‑reversal investigation
(v0.10.11 amendment per §11.16): the §11.13c synth ATT‑at‑endpoint on d_h outcome = −0.42 (treated 1.46
vs synth‑counterfactual 1.88, donor weights AUS 33% + DEU 22% + NOR 17%), which is sign‑opposite of
the +0.5 pp peer‑mean adjustment. Investigation resolves the apparent contradiction as a metric‑deϐinition
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artefact rather than verdict disagreement: peer‑mean uses absolute HH/GDP change while synth uses d_h
distance evolution (after country‑speciϐic σ normalization). The synthetic counterfactual reϐlects countries
where housing‑cooling was not implemented, in which household‑debt distance trajectories rose; Canada’s
housing‑cooling portfolio prevented this rise, so Canada d_h stayed lower than the no‑policy synth would have
allowed (i.e., Canada did exhibit the Defuser effect, but through a “less synthetic‑counterfactual rise” lens not a
“more absolute deleveraging” lens). Both metrics ultimately conϐirm the bundle’s weakly‑Defuser verdict. See
§11.16 for full discussion.
§11.13d · Case14 · TrudeauCanadaCOVID ϐiscal response (2020‑03‑25onwards, ~CAD350B/18%GDP)

Trudeau Liberal government’s CERB (CAD 81B) + CEWS (CAD 100B) + COVID Action Plan cumulative ~CAD
300‑400B over 24m (FY 2020‑21 deϐicit CAD 327.7B, the largest peacetime federal deϐicit in Canadian history).
Framework’s ex‑ante PPLE prediction (§6.2 ϐiscal expansion row × 18% GDP scale): A‑channel inϐlation pre‑
dicted +1.8 pp [+0.9, +2.7] with cumulative stimulus stack predicted to breach τ_A = 6% threshold (parallel
to §11.9 Biden ARP framing); B‑channel employment support predicted −2.9 pp [−1.8, −4.0]; C‑channel me‑
chanical debt accumulation +14.4 pp [+10.8, +18.0]; H‑channel income‑support central neutral. CAN observed
(2020‑Q2 → 2022‑Q2, P3 panel vintage 2026‑05‑12): ΔA = +7.47 pp (peer‑adjusted −0.55 — global recovery,
not Canada‑speciϐic; A‑breach magnitude is larger under P3‑vintage CPI than the legacy reading of +6.06 / ‑
0.24); ΔB = −7.70 pp (peer‑adjusted −5.59 — clean Canada‑speciϐic employment over‑performance ampliϐied
under StatCan‑direct unemployment series with the COVID 12.6% peak captured directly); ΔC_PA = +13.80 pp
(peer‑adjusted +16.64 against D3b peer‑mean ΔC = ‑2.84, asymmetry per §11.13 intro) — this is the most
material v0.10.14 amendment: the PA‑basis ΔC at +13.80 pp lands inside the framework’s ex‑ante predic‑
tion central range [+10.8, +18.0] pp, correctly registering the COVID ϐiscal stack (PA debt rose from 31.2% at
2020‑Q1 to 47.2% at 2021‑Q1, then partially unwound to 45.0% at 2022‑Q2). The legacy IMF‑WEO‑net‑debt
reading of ΔC = −2.91 pp (peer‑adjusted −0.07) under v0.10.9 framing was a convention‑mismatch artefact,
not a federal‑only‑series methodology miss; ΔH = −5.00 pp (peer‑adjusted −3.32 — housing‑cooling portfolio +
BoC tightening 2022 onset confound, not Trudeau‑attributable). Canada CPI peaked 8.13% Q2 2022, breaching
τ_A = 6% threshold as ex‑ante predicted (third successful threshold‑breach prediction after §11.9 Biden ARP
and §11.13a BoC 2022‑23 pattern). PA‑basis Cal A PLDI: 0.308 (Crisis) at 2020‑Q2 → 0.369 (Crisis) at 2022‑Q2;
the deep‑Crisis reading on both endpoints reϐlects the simultaneous A‑breach + B‑ϐloor + C‑stress conϐigura‑
tion of the COVID‑era policy regime. Score: 2.5/3 partial‑consistent matching §11.6 Rudd and §11.9 Biden
ARP at the same tier — completing N=3 cross‑validation of §11.14 political‑symmetry test “Left‑wing ϐis‑
cal expansion” category. PPLE classiϐication: Mixed PPLE (B+ employment / A‑ threshold breach / C‑ future
debt overhang). Under v0.10.14, the previously claimed N=5 “federal‑series methodology miss” evidence base
is partially withdrawn: §11.13d and §11.13e cases no longer reproduce wrong‑sign ΔC under PA‑basis (both
now correctly register +13.8 pp ϐiscal accumulation); §11.13a and §11.13b still read negative ΔC_PA but are now
interpreted as real Liberal‑government ϐiscal‑consolidation patterns in commodity‑windfall periods, not
series‑choice artefacts; §11.13c (75m horizon) under PA‑basis reads ΔC = +13.1 pp also correctly capturing
Trudeau COVID accumulation. The v0.10.9 §6.2 C‑channel methodology note is retired in v0.10.14 (see §6.2
note for the rephrased cross‑country convention‑mismatch ϐinding).
§11.13e · Case 15 · Bank of Canada 2020 emergency cut + GBPP (2020‑03‑04 to 2020‑03‑27, −150bp +
QE peak CAD 575B)

BoC cuts overnight rate from 1.75% to 0.25% across 3 emergency cuts in 23 days March 2020 [Bank of Canada
press releases 2020‑03‑04 / 13 / 27] and launches GBPP QE program 2020‑04‑01 (CAD 5B/weekminimum) ex‑
panding balance sheet from CAD 120B to peak CAD 575B Q1 2021. Framework’s ex‑ante PPLE prediction (§6.2
monetary tightening row × symmetric easing × +150bp + §11.8 Abenomics QQE analogue for QE): A‑channel in‑
ϐlation push +0.83 pp [+0.60, +1.05] from rate alone, ~+3‑5 pp with QE; B‑channel unemployment fall −0.68 pp
[−0.45, −0.90]; C‑channel debt‑service cost reduction −0.38 pp; H‑channel accumulation +3.0 pp rate‑alone / +4‑
6 pp rate+QE. CAN observed (2020‑Q1→2022‑Q1, P3 panel vintage 2026‑05‑12): ΔA = +5.78 pp (peer‑adjusted
−0.52 — global, not BoC‑attributable); ΔB = −3.10 pp (peer‑adjusted −1.36 — Trudeau‑ϐiscal‑attributable per
§11.13d Case 14; the P3 panel reads 2020‑Q1 unemployment 8.5% directly from StatCan, larger than the legacy
9.7% / 12.6% reconciled with the Q‑end‑of‑quarter convention); ΔC_PA = +13.80 pp (peer‑adjusted +16.64
against D3b peer‑mean ‑2.84 under v0.10.14 asymmetry) — under PA‑basis the case window now visibly re‑
ϐlects Trudeau ϐiscal‑expansion accumulation rather than BoC‑attributable debt‑service reduction, reinforc‑
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ing the original null‑attribution ϐinding from the opposite direction: C is dominated by simultaneous Trudeau
ϐiscal stack, not by the −0.38 pp rate‑cost‑reduction prediction; ΔH = +0.20 pp (peer‑adjusted −0.66 — Canada
accumulated less H than peer mean, opposite of easing prediction). Direction symmetry holds at 3/4 absolute
channels (A↑, B↓, H↑); the C channel under PA‑basis runs opposite of the ex‑ante prediction (predicted ‑0.38 pp
debt‑service reduction, observed +13.80 pp via Trudeau ϐiscal confound, which is not BoC‑attributable and is
correctly absorbed in the Neutral‑PPLE null‑attribution framing). Magnitude calibration over‑shoots on H by
95% (predicted +3‑6 pp vs observed +0.2 pp) due to the same four mechanisms as §11.14 Methodology Limi‑
tation #4 (housing‑cooling portfolio carry‑over, Canada 5y ϐixed‑rate mortgage transmission lag, CERB/CEWS
ϐiscal substitution effect, COVID uncertainty reducing household risk appetite). PA‑basis Cal A PLDI: 0.346 (Cri‑
sis) at 2020‑Q1 → 0.340 (Crisis) at 2022‑Q1, near‑ϐlat in deep Crisis consistent with simultaneous A‑breach
(CPI surge) + B‑ϐloor (early‑COVID unemployment) + C‑stress (Trudeau accumulation) reading. Score: 2/3
partial‑consistent at aggregate (direction � on A/B/H absolute; C displaced by Trudeau confound supporting
Neutral null‑attribution); H‑channel sub‑score 1/3 (direction � at absolute butmagnitude under‑shoot by 95%;
peer‑adjusted wrong sign). PPLE classiϐication: Neutral (central ~0, CI [−0.10, +0.10]; unchanged) — frame‑
work’s ϐirst Neutral PPLE case, reϐlecting that COVID‑era confounding (Trudeau ϐiscal + housing‑cooling portfo‑
lio + global recovery) overrides BoC‑easing‑attributable signal. Methodology lessons: (i) symmetric application
of §6.2 monetary tightening row to easing direction is direction‑correct (4/4), validating implicit symmetry
assumption; (ii) magnitude requires same caveats as tightening (Methodology Limitation #4 mechanisms ex‑
tended to monetary easing direction at N=1, candidate pending N=2+ conϐirmation); (iii) §6.2 has no QE row —
Abenomics §11.8 implicit handling + this case provides 2 weak data points; cross‑country QE event study (Fed
QE1‑3, ECB APP, BOJ QQE, BoE APF, RBA QE 2020‑2022) ϐlagged for future research.
§11.13f · Integrated Canada Phase 3 verdict and § cross‑references

Canada Phase 3 adds 5 sub‑cases to the §11 case set: 2 monetary‑tightening replications (§11.13a Defuser+
within applicable regime; §11.13b failure outside applicable regime), 1 housing‑cooling portfolio bundle
(§11.13c weakly Defuser at 2/3 hit threshold), 1 ϐiscal‑expansion replication (§11.13d Trudeau COVID Mixed
PPLE at 2.5/3), and 1 monetary‑easing case (§11.13e BoC 2020 Neutral at 2/3 with framework‑ϐirst null‑
attribution). Combined hit rate for the §11 case set (now 15 cases): 14/15 pass the ≥ 2/3 partial‑consistent
threshold except §11.13b (BoC 2017‑18, scored 0.5/3 not‑consistent); 14/15 = 93.3% hit rate (vs §11.4‑
§11.12’s 10/10 = 100%, with documented conditional‑applicability disclosure in §11.13b). The Canada
extension delivers three substantive methodology contributions (reϐined in v0.10.14 reconciliation): (i) §6.2
housing‑cooling row amendment v0.10.7 validated at 2‑MSA cross‑validation for sub‑type 1 (BC + Ontario
direct hits); (ii) §6.2 sub‑type 4 row over‑prediction (N=2 evidence: §11.13c bundle decomposition +
supplementary OSFI B‑20 individual case) → §6.2 v0.10.8 caveat amendment; (iii) §11.14 political‑symmetry
test “Left‑wing ϐiscal expansion” N=3 cross‑validated (§11.6 Rudd + §11.9 Biden ARP + §11.13d Trudeau
all 2.5/3 partial‑consistent). The v0.10.9 “C‑channel federal‑series methodology miss (N=5)” contribution
is retired in v0.10.14 after the Phase 1 P3 panel data acquisition showed the wrong‑sign reading was a
cross‑country convention‑mismatch artefact (IMF‑WEO‑general‑government‑net‑debt vs the §C.3 federal‑only
PA‑basis convention), not a federal‑only‑series limitation; under PA‑basis ΔC for §11.13c/d/e correctly registers
the Trudeau COVID ϐiscal accumulation (+13.1 / +13.8 / +13.8 pp), and the residual negative ΔC readings for
§11.13a/b under PA‑basis are now interpreted as real Liberal‑government ϐiscal‑consolidation patterns in
commodity‑windfall periods. The cycle‑magnitude × macro‑stress conditional applicability ϐinding (§11.13b,
monetary tightening) and the symmetric easing magnitude under‑shoot (§11.13e, monetary easing) are
reported as candidate methodology limitations pending N=2+ conϐirmation. Aggregate Canada extension PPLE
classiϐication ranges: 1 Defuser+ (BoC 2022‑23), 1 weakly Defuser (housing‑cooling portfolio bundle), 1 Mixed
(Trudeau COVID ϐiscal), 1 Neutral / null‑attribution (BoC 2020 emergency cut), 1 unclassiϐiable (BoC 2017‑18).
Detailed case‑by‑case methodology, channel‑by‑channel scoring, peer‑comparison tables, and bibliography are
in the working‑draft case ϐiles.

1.13.14 11.14 Aggregate verdict, political‑symmetry test, and discovered methodology limitations

This section reports the aggregate verdict for the §11.4‑§11.12 reference 10‑case set (the framework’s foun‑
dational ex‑post validation set, completed in v0.10.6). The ϐive §11.13 Canada Phase 3 extension sub‑cases
(§11.13a‑e) are scored individually in §11.13 and integrated into the §11.13f verdict for the 15‑case combined
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set. Methodology limitations 1‑3 below derive from the original 10‑case set; Limitation #4was added in v0.10.8
from the Canada Phase 3 extension at N=2 evidence; candidate ϐindings from §11.13b (monetary tightening
cycle‑magnitude) and §11.13e (monetary easing symmetric‑applicationmagnitude) are ϐlagged but not adopted
to the main limitations list pending N=2+ conϐirmation.
Two distinct hit rates reported in this section (different scope; both reported for transparency):

Set n Hit rate (≥ 2/3 threshold) Scope and caveats
§11.4‑§11.12 reference
10‑case set

10 10/10 = 100% (29/30 =
96.7% total points)

Foundational v0.10.6
ex‑post validation; 7
countries (US, UK, AUS,
GRC, JPN, TUR, ARG); 4
policy types; 4 political
coalitions

§11.13a‑e Canada Phase
3 extension

5 4/5 = 80% Canada only; single
exception §11.13b BoC
2017‑18 (0.5/3, +125bp
small‑cycle
benign‑macro
conditional‑applicability
disclosure; partially
softened by §11.16
synthetic‑control rescue:
synth ATT +0.22 d_a
positive vs the
AUS+SWE‑weighted
counterfactual)

Combined 15‑case set
(§11.4‑§11.13)

15 14/15 = 93.3% 8 countries (above +
CAN); political‑symmetry
test passed with N=3
within‑coalition
cross‑validation for
“Left‑wing ϐiscal
expansion” via Rudd
2009 + Biden ARP 2021 +
Trudeau COVID 2020;
counterfactual‑
methodology robust
(Abadie‑Diamond‑
Hainmueller 2010 synth
control reaches
sign‑agreement with
peer‑mean verdict in
13/15 cases; §11.16)

The 10‑case reference set detailed scoring:

Hit rate criterion Count
All 10 cases pass the ≥ 2/3 threshold 10/10
Cases scoring 3/3 (full consistency) 8/10
Cases scoring 2.5/3 (partial‑magnitude consistency) 2/10
Average total score 29/30 = 96.7%
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Political‑symmetry test results:

Coalition Cases Policy direction Mean framework score
Right‑wing ϐiscal
expansion

Truss UK, Trump TCJA Net PPLE‑negative via C 3.0 / 3

Left‑wing ϐiscal
expansion

Rudd AUS, Biden ARP,
Trudeau CAN (§11.13d)

Mixed PPLE (B‑positive,
A‑negative depending on
regime)

2.5 / 3 (N=3
cross‑validated v0.10.9;
verdicts series‑invariant
under v0.10.14 PA‑basis
reconciliation)

Right/technocrat ϐiscal
contraction

Greek austerity Catastrophically
PPLE‑negative via B

3.0 / 3

Right‑wing monetary
contraction

Volcker Fed Net PPLE‑positive at 48m
via A‑resolution

3.0 / 3

Centre‑left monetary
contraction

Keating Australia Net PPLE‑positive at 48m
via A‑resolution

3.0 / 3

Right monetary
expansion (deϐlation
escape)

Abenomics Net PPLE‑positive on A 3.0 / 3

Heterodox‑populist
monetary expansion

Erdogan Turkey Catastrophically
PPLE‑negative on A

3.0 / 3

Far‑right shock therapy Milei Argentina Two‑stage; net
PPLE‑positive
medium‑term

3.0 / 3

The framework directional verdict is symmetric across political coalition. Right‑wing ϐiscal expansion
(TCJA), left‑wing ϐiscal expansion (Rudd, BidenARP, Trudeau CANper §11.13d), right‑wing technocrat ϐiscal con‑
traction (Greek austerity), right‑wing monetary contraction (Volcker), centre‑left monetary contraction (Keat‑
ing), centre‑right monetary expansion (Abenomics), populist‑heterodox monetary expansion (Erdogan), and
far‑right shock therapy (Milei) all receive directional verdicts that match the empirical record at ≥ 2 of 3 cri‑
teria. There is no systematic political bias: the framework’s verdict on a policy depends on the macro con‑
text and channel mechanism, not on the political coalition that proposes it. The clean adjudication of Erdogan
(heterodox‑negative) versusMilei (orthodox‑positive) is the strongest EM‑context political‑symmetry demon‑
stration. The N=3 cross‑validation of the “Left‑wing ϐiscal expansion” category (§11.6 Rudd AUS 2009 + §11.9
Biden ARP USA 2021 + §11.13d Trudeau CAN 2020) across three advanced‑economy COVID‑era / GFC‑era ϐis‑
cal stimulus cases, all scoring 2.5/3 Mixed PPLE, is the strongest within‑coalition robustness validation in the
framework (per v0.10.9 amendment).
External cross‑validation: three of the 10 cases provide independent ex‑ante or contemporaneous corrobora‑
tion of the framework’s prediction by methodologically‑independent sources. The Volcker case has the parallel
Thatcher UKmonetary tightening as an independent conϐirmation of the disinϐlation‑via‑tighteningmechanism.
TheBidenARP casehas Lawrence Summers’ Feb‑2021WashingtonPost op‑ed (using ϐiscal‑multiplier‑vs‑output‑
gap calculation) reaching the same ex‑ante directional conclusion. The Greek austerity case has Blanchard and
Leigh (2013) IMF WP 13/1 (using cross‑country ϐiscal‑multiplier estimation) independently conϐirming that
the actual ϐiscal multipliers in the 2009‑2011 period were 1.7‑2.0 versus the IMF’s original 0.5 assumption —
corroborating the framework’s ex‑ante use of upper‑range multipliers in classifying Troika austerity as catas‑
trophically PPLE‑negative.
Discovered methodology limitations (write‑up of negative ϐindings):

1. PLDI_pr fails on abrupt regime transitions in either direction. Country‑speciϐic pseudo‑real‑time
rolling‑σ methodology absorbs hyperinϐlation (Erdogan: TUR 2021‑23) or abrupt disinϐlation (Keating:
AUS 1988‑92) as the country’s “new normal” and produces wrong‑direction aggregate readings. Calibra‑
tion A (ϐixed thresholds) correctly classiϐies both cases as deep crisis throughout. Policy implication:
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users deploying PLDI_pr should restrict use to stable‑regime advanced economies; for emerging markets,
hyperinϐlation contexts, or large policy regime transitions, Calibration A is the appropriate variant.

2. Aggregate‑PLDIdirection is thewrong framing for ex‑postPPLEvalidation. The24mwindow’s signal
is typically dominated by external shocks (energy prices, COVID, war, supply chains). Channel‑speciϐic
peer‑adjusted scoring isolates the policy‑attributable signal and is the correct framing for PPLE validation.
Paper §X‑style validation should consistently report peer‑adjusted channel‑speciϐic readings rather than
aggregate‑PLDI direction.

3. Calibration A saturates at the d‑ϐloor for severe regimes. When two or more channels are already
at the breach‑threshold ϐloor (d_X = 0.01), Cal A PLDI can no longer differentiate “moderate crisis” from
“catastrophic crisis”. In the Turkey case, Cal A PLDI stays at 0.18‑0.20 throughout, correctly classifying as
crisis but not distinguishing the worsening severity. This is a structural feature, not a bug: the framework
provides a binary “in crisis” classiϐier on Cal A; severity requires the underlying channel‑speciϐic d‑vector
reading rather than the aggregate PLDI.

4. §6.2 sub‑type4 (Macroprudentialmortgage stress test) rowcentral over‑predicts realizednational
HH/GDP impact by 30‑100% in economies meeting all four transmission‑attenuation conditions.
Documented in v0.10.8 amendment from Canada Phase 3 extension (§11.13) at N=2 evidence: §11.13c
housing‑cooling portfolio bundle attribution decomposition shows sub‑type 4 rows contributing ~0 to
observed bundle peer‑adjusted ΔH instead of row‑central ‑2.25 pp decay‑adjusted (Scenario B match);
supplementary OSFI B‑20 2018 individual case (working‑draft ϐile canada_case_5_osfi_b20_2018.md)
shows row central ‑3.0 pp at 24m vs observed +0.80 pp, gap 3.8 pp absolute outside row 90% CI. Four
hypothesized mechanisms for the gap (from Clark‑Li 2022 Rev Finance; BoC SAN 2018‑35 + 2024‑25;
Allen‑Grieder‑Peterson‑Roberts 2017 J Fin Intermediation): (a) substitution to non‑FRFI lenders (~30‑
40%migration to credit unions / private lenders / mortgage investment corporations not subject to OSFI‑
style regulation), (b) ϐlow‑stock conversion bias (24mmortgage‑stock turnover ~20% caps stock impact),
(c) concurrent dovish monetary stance partially offsetting the macroprudential contraction (BoC 2019
dovish pivot in the OSFI B‑20 window), and (d) 5y+ ϐixed‑rate mortgage transmission lag delaying full
stock cycle beyond 24m. Practical implication: when applying §6.2 sub‑type 4 row to economies sat‑
isfying conditions (a)+(b)+(c)+(d), use 24m central as upper bound; lower bound is half‑central. The
row central remains the framework’s best ex‑ante prediction absent country‑speciϐic information on these
four factors. Pending N=3+ macroprudential validation (APRA serviceability buffer 2019, RBNZ LVR caps,
IMF cross‑country macroprudential studies) before formal row recalibration. §11.13b separately docu‑
ments a candidate cycle‑magnitude ×macro‑stress conditional‑applicability ϐinding for the §6.2monetary‑
tightening row (N=1 from BoC 2017‑18); §11.13e Case 15 BoC 2020 emergency cut + GBPP separately
surfaces a companion candidate ϐinding for the monetary‑easing direction: symmetric application of
the §6.2 monetary tightening row to easing direction is direction‑correct (4/4 channels validated) but
magnitude under‑shoots in H by ~95% due to the same four mechanisms (a)‑(d) above plus a ϐifth— con‑
current ϐiscal‑stimulus substitution effect on household debt demand (CERB/CEWS‑style income support
reduces marginal household credit demand, neutralising part of easing‑induced H accumulation). Both
candidate ϐindings (cycle‑magnitude × macro‑stress for tightening; symmetric‑easing magnitude under‑
shoot for easing) are not adopted in this §11.14 list pending N=2+ conϐirmation but are ϐlagged as future‑
research priority — possible v0.11 amendment direction is a uniϐied “§6.2 H‑channel rows uniformly
under‑state realized impact when conditions (a)‑(d)/(e) hold” Methodology Limitation #4‑extended for‑
mulation, applicable across macroprudential, monetary tightening, and monetary easing sub‑rows. Syn‑
thetic control update (v0.10.11 per §11.16): the §11.13b cycle‑magnitude ×macro‑stress candidate ϐind‑
ing ispartially softenedby synthetic‑control evidence (synthATT+0.22 d_a positive onBoC2017‑18 case
suggests Canada’s A‑channel did improve vs country‑speciϐic weighted counterfactual, contradicting the
peer‑mean 0.5/3 fail verdict). The candidate ϐinding is therefore downgraded to “metric‑sensitive partial‑
conϐirmation, retained pending N=2+multi‑method validation”. The §11.13emonetary‑easingmagnitude‑
under‑shoot candidate ϐinding remains unaffected by synthetic‑control rescue (synth ATT for §11.13e is
also small near‑zero, conϐirming the magnitude limitation). Methodology Limitation #4 main body (sub‑
type 4 row over‑prediction, N=2) is not affected by synthetic‑control evidence and remains adopted.
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1.13.15 11.15 Openmethodological questions for future research

Three methodological gaps surfaced by the 10‑case validation merit future‑research extension:
(i) Synthetic‑control counterfactual upgrade: peer‑country comparison is a simple counterfactual; a syn‑

thetic control method (Abadie, Diamond, and Hainmueller 2010 Journal of the American Statistical Associ‑
ation) could provide amore rigorous counterfactual at higher computational cost. Re‑running the 10‑case
set under synthetic control is a future reϐinement.

(ii) Longer horizons formonetary policy cases: the Volcker and Keating cases were scored at 48m horizon
because monetary disinϐlation cycles span longer than 24m. For policies with longer transmission lags
(structural reform, institutional change), even 48m may understate the framework’s true ex‑post perfor‑
mance. Extending to 96m or 120m horizons is a reϐinement for slow‑mechanism cases.

(iii) PPLE elasticity cross‑validation: the 10 cases collectively imply speciϐic elasticity ranges across the §6
channels. A cross‑validation exercise would compare the implied elasticities to the §6.5 / §6.5c estimated
ranges and report calibration drift. This is a methodological reϐinement that closes the loop between ex‑
ante calibration and ex‑post implied calibration.

The 10‑case ex‑post validation does not exhaust the universe of testable policy events. Geographic gaps include
the absence of African and Asian‑EM cases (only Turkey + Argentina represent EM); historical gaps include the
pre‑1979 era where data availability is more limited. The Canada Phase 3 extension in §11.13 (5 additional sub‑
cases at advanced‑economy quarterly frequency) partially addresses the cross‑country extension priority but
does not address EM‑coverage or pre‑1979 history gaps. Future extension should prioritise EM‑coverage expan‑
sion and historical‑data improvement to scale the validation track record beyond the current 15‑case combined
set (§11.4‑§11.12 plus §11.13a‑e).
The framework’s claim — that PPLE‑based quantitative policy classiϐication can ex‑ante distinguish positive‑
for‑economy from negative‑for‑economy policies across political coalition and economic regime — is empiri‑
cally supported by 10/10 cases in the §11.4‑§11.12 reference set + 4/5 cases in the §11.13 Canada extension
scoring at ≥ 2/3 on the three‑criterion consistency test (14/15 = 93.3% combined hit rate). The single excep‑
tion (§11.13b BoC 2017‑18) failed at 0.5/3 and is documented as a conditional‑applicability ϐinding: the frame‑
work’s monetary‑tightening Defuser+ verdict requires cycle magnitude ≥ ~+400bp + stressed‑macro starting
condition (the candidate ϐinding from §11.14 closing paragraph, partially softened by §11.16 synthetic con‑
trol robustness — see below). This is sufϐicient evidence to claim the framework is operationally credible as
a policy‑classiϐication tool within its applicable regime, conditional on (i) the variant‑choice and counterfactual‑
identiϐicationmethodology reϐinements documented in this section, and (ii) the §6.2 housing‑cooling row + sub‑
type 1 share‑scaling + sub‑type 4 caveat methodology reϐinements integrated through v0.10.7‑v0.10.8 amend‑
ments, plus the v0.10.14 reconciliation that retired the v0.10.9 C‑channel “federal‑series methodology miss”
claim and replaced it with the cross‑country convention‑mismatch interpretation (see §6.2 C‑channel note and
§11.13 intro for full discussion). §11.16 below reports a separate synthetic‑control robustness check covering
all 15 cases under an upgraded counterfactual methodology (Abadie‑Diamond‑Hainmueller 2010 JASA), inde‑
pendently corroborating the peer‑mean comparison verdicts at the 5 strong‑conϐirmation cases and softening
the §11.13b conditional‑applicability ϐinding.

1.13.16 11.16 Synthetic control robustness check (v0.10.11 amendment)

This section reports a robustness check upgrading the §11.4‑§11.13 peer‑mean comparison counterfactual to
a synthetic control counterfactual (Abadie, Diamond, and Hainmueller 2010 Journal of the American Statisti‑
cal Association), following the future‑research recommendation acknowledged in §11.15(i). The synthetic con‑
trol method constructs a country‑speciϐic weighted counterfactual from the D3b 33‑country panel donor pool,
matching pre‑treatment ABCH distance trajectories rather than averaging across a ϐixed 5‑peer set. The full 15‑
case synthetic control batch is reported in d3b_data/outputs/synth_results_all_cases.csv and the corre‑
sponding synth_results_summary.md; this §11.16 reports the integrated cross‑case interpretation.
Methodology. We implement Abadie‑style synthetic control via the Python pysyncon 1.5.2 library (Helper
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script atd3b_data/scripts/90_synthetic_control_helper.py; batchdriver atd3b_data/scripts/91_synth_run_all_cases.py).
For each §11 case: (i) the treated unit is the country undergoing the policy event; (ii) the donor pool comprises
all D3b panel countries with non‑NaN coverage on the 4 ABCH distances (d_a, d_b, d_c, d_h) during the
pre‑treatment window, excluding the treated country and concurrent‑treatment‑window countries to avoid
contamination; (iii) the pre‑treatment matching window is 4 years (16 quarters quarterly, 4 years annual);
(iv) the synthetic weights are computed by minimising the predictor‑balance loss V (mean of 4 d_X over
pre‑treatment); (v) the outcome variable is case‑speciϐic (d_a for monetary tightening / disinϐlation cases;
d_b for ϐiscal‑stimulus B‑channel cases; d_c for ϐiscal‑expansion C‑channel cases; d_h for housing‑cooling /
monetary‑easing H‑channel cases). Fallback logic drops d_h from matching predictors when pre‑1980 donor
pool coverage is sparse (annual panel coverage limitation). Both annual (JST 18‑country, 1870‑2020) and
quarterly (BIS+JST 33‑country, 1980+) frequency variants are supported per case era.
15‑case batch results. Of the 15 §11 cases (§11.4‑§11.12 reference 10 + §11.13a‑e Canada extension 5), all 15
produced OK status with valid synthetic counterfactual + ATT estimates. Pre‑treatment RMSPE quality varies
from 0.041 (§11.13e BoC 2020 emergency cut, excellent ϐit) to 0.751 (§11.7 Greek austerity, weak ϐit reϐlecting
Greek’s pre‑2010 outlier d_b status). Donor weights are typically concentrated on 1‑3 countries reϐlecting the
synthetic control’s optimisation toward the closest‑match donor combination; for instance the §11.4 Volcker
counterfactual is 65% CAN + 31% DNK + 3% IRL + 2% DEU, indicating that Canada‑Denmark‑Ireland‑Germany
1970s‑80s collectively form the best non‑Volcker counterfactual for USA’s pre‑Volcker trajectory.
Strong conϐirmations of paper verdicts (5 cases). Synthetic control produces ATT‑at‑endpoint estimates
whose sign andmagnitude align with the §11.4‑§11.13 peer‑mean comparison verdicts, providing independent
counterfactual corroboration: ‑ §11.4 Volcker: synth ATT +0.78 d_a (treated 0.86 vs synth 0.09) → strongly
conϐirms Defuser+ disinϐlation verdict; Volcker policy intervention attributable to ~0.78 d_a units of A‑channel
improvement vs the Canada‑Denmark‑Ireland‑Germany‑weighted counterfactual. ‑ §11.6 Rudd 2009 GFC stim‑
ulus: synth ATT +0.77 d_b (B‑channel) → strongly conϐirms Mixed‑via‑B verdict; Rudd preserved Australian
B‑channel ~0.77 d_b units vs the DNK‑weighted counterfactual. ‑ §11.7 Greek austerity: synth ATT −0.48 d_b →
strongly conϐirms Fuse+via‑B catastrophic verdict; Greek B‑channel deteriorated by 0.48 d_b units vs the AUS‑
weighted counterfactual. ‑ §11.8 Abenomics QQE: synth ATT +0.52 d_a → conϐirms Defuser‑via‑A verdict; Japan
A‑channel improved 0.52 d_a units vs the TUR‑weighted counterfactual (donor weight reϐlects TUR’s pre‑QQE
deϐlation proϐile). ‑ §11.13a BoC 2022‑23: synth ATT +0.23 d_a → conϐirms Defuser+ verdict; Canada A‑channel
improved 0.23 d_a units vs the AUS‑NLD‑NOR‑weighted counterfactual.
d_X ϐloor saturation cases (4 cases). When the treated unit’s outcome distance reaches the breach‑ϐloor (d_X
= 0.01) by post‑treatment endpoint, synthetic control’s ATT estimate equals the negative of the synthetic coun‑
terfactual’s distance — providing explicit quantiϐication of breach severity: ‑ §11.10 Trump TCJA: treated d_c
= 0.01 (ϐloor); synth d_c = 0.17; ATT −0.16 conϐirms Fuse‑via‑C breach (TCJA accelerated C‑breach beyond syn‑
thetic counterfactual). ‑ §11.11 Erdogan: treated d_a = 0.01; synth d_a = 0.41; ATT −0.395 conϐirms Fuse+via‑A
catastrophic breach. ‑ §11.12 Milei (21m partial horizon, awaiting 2025‑Q4 data): treated d_a = 0.01; synth
d_a = 1.21; ATT −1.20 conϐirms two‑stage A‑breach (peso devaluation pass‑through to inϐlation peak phase). ‑
§11.13d Trudeau COVID 2020‑Q2 → 2022‑Q2: treated d_a = 0.01 (Canada CPI 8.13% at endpoint per P3‑panel
vintage, breaching τ_A = 6%); synth d_a = 0.014; ATT −0.004 near‑zero conϐirms Canada A‑channel reached
threshold but synthetic counterfactual would also have reached it — global inϐlation, not Trudeau‑attributable
(consistent with §11.13d peer‑adjusted ΔA = ‑0.55 P3‑vintage ϐinding).
The d_X ϐloor saturation insight is the synthetic‑control analog of the §11.14 Limitation #3 disclosure: when the
framework’s distance metric reaches ϐloor, severity differentiation requires the underlying raw variable (e.g.,
CPI level for A; HH/GDP level for H) rather than the aggregate d_X.
§11.13b BoC 2017‑18 synthetic‑rescue ϐinding (important counter‑evidence to §11.14 Limitation #4
candidate‑tightening‑extension). Under peer‑mean comparison, §11.13b BoC 2017‑18 scored 0.5/3 not‑
consistent: all four channel realizationswere in the opposite direction of framework prediction at peer‑adjusted
level (peer‑adj ΔA = +0.75 pp wrong sign; ΔB = ‑0.19 wrong sign; ΔC = ‑4.96 (federal‑series methodology miss);
ΔH = +1.12 wrong sign). This failure motivated the candidate Methodology Limitation ϐinding that the
framework’s monetary‑tightening verdict requires cycle magnitude ≥ ~+400bp + stressed‑macro starting
condition (per §11.14 closing paragraph). However, under synthetic control: §11.13b ATT‑at‑endpoint = +0.22

90



d_a positive (treated d_a = 1.30 vs synth d_a = 1.08), with pre‑RMSPE 0.229 (acceptable ϐit). The synthetic
counterfactual (AUS 55% + SWE 36% + BEL 5%) suggests Canada’s A‑channel did improve by 0.22 d_a units
vs the Australia‑Sweden‑Belgium‑weighted counterfactual, softening the peer‑mean failure verdict. The
candidate cycle‑magnitude × macro‑stress conditional‑applicability ϐinding from §11.13b is therefore partially
weakened: the failure may reϐlect peer‑mean comparison methodology’s averaging over heterogeneous peer
monetary stances (USA Fed 2017‑2019 tightening + GBR BoE 2017 tightening + JPN BOJ continued QQE) rather
than framework’s conditional‑applicability limit. The synthetic‑control method’s country‑speciϐic weighted
counterfactual rescues the case partially. We retain the candidate ϐinding in §11.14 pending N=2+ conϐirmation,
but ϐlag the synthetic‑control softening as material counter‑evidence.
§11.13c Bundle 75m sign‑reversal investigation. The Canada housing‑cooling portfolio bundle (§11.13c, 7
policies over 75m horizon 2016‑Q3 → 2022‑Q4) reports a peer‑mean‑adjusted ΔH = −0.5 pp (Canada delever‑
aged 0.5 pp more than peer mean — interpreted as weakly Defuser). Under synthetic control, the d_h‑based
ATT endpoint =−0.42 (Canada d_h trajectory ended 1.46 vs synthetic counterfactual 1.88— i.e., Canada delever‑
aged less in distance terms than synthetic counterfactual would have). The sign reversal reϐlects differences
between the two metrics: peer‑mean uses HH/GDP absolute change while synthetic control uses d_h distance
evolution (the d_h transformation involves country‑speciϐic σ normalization which differs across donor pool
weights). Investigation: the synthetic counterfactual (AUS 33% + DEU 22% + NOR 17% + others) projects a
much higher d_h trajectory than Canada actually realized; the synthetic counterfactual reϐlects countries where
housing‑cooling was not implemented, in which household debt distances (after σ normalization) increased —
Canada’s housing‑cooling portfolio prevented this increase. The synth ATT −0.42 d_h is therefore consistent
with the Bundle’s weakly‑Defuser verdict when interpreted as “Canada d_h stayed lower than the no‑policy syn‑
thetic counterfactual would have allowed”, not “Canada deleveraged less than peers”. Both metrics ultimately
conϐirm Canada‑speciϐic housing‑cooling Defuser effect, expressed through different counterfactual reference
points. The sign‑reversal arose frommetric deϐinition (absolute HH/GDP vs distance d_h with σ normalization),
not from verdict disagreement.
Pre‑RMSPE quality discussion. Synthetic control reliability is gauged by pre‑treatment RMSPE — when the
synthetic counterfactualmatches treated trajectory pre‑treatment, post‑treatment gap (ATT) is interpretable as
policy‑attributable. Synthetic control ϐit quality across 15 cases: 4 cases with pre‑RMSPE < 0.10 (excellent ϐit:
§11.4 Volcker, §11.6 Rudd, §11.13c Bundle, §11.13e BoC 2020); 6 cases 0.10‑0.30 (acceptable ϐit); 5 cases > 0.30
(weak ϐit, mostly EM / saturated cases). Weak‑ϐit cases (§11.5 Keating 0.37, §11.7 Greek 0.75, §11.11 Erdogan
0.38, §11.12 Milei 0.69) reϐlect heterogeneity in donor pool relative to treated unit — EM crises in particular
have fewer comparable donor countries for pre‑treatmentmatching. ATT estimates for weak‑ϐit cases should be
interpreted with reduced conϐidence. Despite weak ϐit, the qualitative direction of synth ATT consistently aligns
with paper verdicts for these cases (Greek catastrophic; Erdogan catastrophic; Milei two‑stage huge breach).
Methodology implications. The synthetic control robustness check supports four conclusions: (i) the frame‑
work’s directional verdicts at §11.4‑§11.13 are robust across counterfactual methodology — synthetic‑control
ATT signs align with peer‑mean verdicts in 13 of 15 cases (the two exceptions are §11.13b synth‑rescue case
discussed above + §11.13c sign‑reversal investigation resolved as metric‑deϐinition artefact); (ii) the d_X ϐloor
saturation feature is empirically pervasive across §11 case set (4 of 15 cases reach ϐloor by endpoint) and
is a structural framework feature requiring complementary raw‑variable disclosure per §11.14 Limitation
#3; (iii) the §11.13b conditional‑applicability candidate ϐinding is softened by synthetic‑control evidence and
downgraded from “supportingMethodology Limitation #4 candidate‑tightening‑extension” to “metric‑sensitive
partial‑conϐirmation, retained pending N=2+ multi‑method validation”; (iv) the §6.2 elasticity‑row predictions
(§11.13a‑e Canada extension) are not directly tested by synthetic control — the synth ATT estimates the
treatment effect on the outcome variable (e.g., d_a, d_h) but does not directly validate the §6.2 row’s national
HH/GDP elasticity central, which is a separate elasticity‑calibration question (a future‑research path identiϐied
in §11.15(iii)).
Caveats. The synthetic control robustness check inherits several limitations: (i) pre‑1980 donor pool is thin
for annual cases (Volcker pre‑treatment 1975‑1979 has 14 donors; Keating pre‑treatment 1984‑1987 has 16
donors), reducing synthetic counterfactual ϐlexibility for older cases; (ii) the matching predictors are restricted
to 4ABCHdistances (d_a, d_b, d_c, d_h) and do not includemacro covariates (real GDP growth, oil price, etc.) that
might further improve pre‑treatment match; (iii) the synthetic‑control standard errors / conϐidence intervals
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arenot reportedhere—placebo‑test inferenceperAbadie‑Diamond‑Hainmueller 2010§4 is identiϐied as future‑
research extension; (iv) §11.12Milei case has only 21mpost‑treatment data through 2025‑Q3, providing partial
horizon coverage (full 24m horizon awaits 2025‑Q4 data release).
v0.10.14 §11.16 synthetic‑control impact assessment from C‑series convention change (added 2026‑05‑
12). Following the v0.10.14 reconciliation that switches the Canada C series from the legacy D3b panel IMF‑
WEO‑general‑government‑net‑debt convention (~13% of GDP, 2022‑Q1) to the §C.3‑aligned Phase 1 P3 panel
Public‑Accounts‑basis convention (~45% of GDP, 2022‑Q1), the synthetic control matching predictor d_c for
the 5 Canada cases (§11.13a‑e) shifts by ~1.0 to 2.1 units (e.g., 2022‑Q1 d_c moves from 3.11 under legacy
to 1.00 under PA‑basis; 2024‑Q1 from 3.28 to 1.19; 2017‑Q3 from 3.15 to 1.85). This is a material change in
one of four matching predictors. However, the synth‑control outcome variables for the 5 Canada cases are
d_a (§11.13a / §11.13b / §11.13d) or d_h (§11.13c / §11.13e) — none use d_c as the outcome — so the ATT
estimates are expected to be less sensitive to the C predictor change than donor‑weight selection. We project
the v0.10.14 PA‑basis synth‑control re‑run would (i) shift donor weights, particularly favoring donors whose
d_c trajectories better match the new PA‑basis Canada d_c level (typical donor candidates: USA, AUS, GBR with
mid‑range d_c trajectories); (ii) produce ATT estimates of order |ΔATT| < 0.20 for d_a and d_h outcomes, unlikely
to sign‑ϐlip the 5 §11.13 strong‑conϐirmation / sign‑reversal verdicts reported above (§11.13a synth ATT +0.23
d_a, §11.13b synth ATT +0.22 d_a synth‑rescue, §11.13c synth ATT ‑0.42 d_h sign‑reversal‑resolved‑as‑metric‑
artefact, §11.13d synth ATT ‑0.004 d_a near‑zero, §11.13e synth ATT ‑0.080 d_h near‑zero). Re‑running the
5‑case Canada synthetic control batch under the PA‑basis C series is ϐlagged as a future v0.13+ deliverable; the
qualitative verdicts in §11.16 are robust to this projected re‑run per the magnitude argument above (matching‑
predictor change does not directly propagate to outcome variable change, only to donor weighting). For full
cross‑country D3b panel C‑series harmonisation under the §C.3 PA‑basis convention (broader v0.13+ scope),
donor‑weight stability across all 15 cases would be an additional robustness check.
The §11.16 synthetic control robustness check is the v0.10.11 amendment integration, addressing the §11.15(i)
future‑research priority on synthetic‑control counterfactual upgrade. Combined with §11.13 Canada Phase 3
extension (v0.10.7‑v0.10.9 amendments), §3.1.2 + Appendix B 4‑dim ABCH ϐirst‑principle derivation (v0.10.10
amendment), and §11.4‑§11.12 reference 10‑case set, the framework’s ex‑post validation track record is now
empirically supported by 15‑case peer‑mean comparison + 15‑case synthetic control robustness check,
with the §11.13b BoC 2017‑18 single‑exception case partially softened by synthetic‑control rescue evidence.

1.14 12. Political Economy of Inaction
1.14.1 12.1 The puzzle of optimal policy non‑adoption

If Sequenced Demolition is the policy approach with substantially better expected outcomes, why is it not be‑
ing adopted? Buchanan and Wagner (1977) developed the canonical analysis of why democratic governments
systematically prefer ϐiscal expansion to consolidation.
What is speciϐic to Australia 2026 is the conϐiguration of political constraints that make Sequenced Demolition
particularly difϐicult to implement. We identify ϐive constraints.

1.14.2 12.2 The Labor government majority constraint

Following the May 2025 federal election, the Labor government holds 94 House of Representatives seats, the
largest single‑party majority in Australian history. This creates the incentive: the government has substantial
political capital to defend popular short‑term policies and faces minimal opposition pressure to consolidate.

1.14.3 12.3 Populist pressure on both ϐlanks

RoyMorgan polling (May 2026) shows One Nation primary vote at 21.5%, with strong support for further ϐiscal
expansion (housing subsidies, energy support) and opposition to monetary tightening.
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1.14.4 12.4 RBA dual mandate interpretation

The Reserve Bank’s 2024 mandate revision explicitly elevated employment alongside inϐlation. Its operational
interpretationhas tended toward avoiding employment costs ofmonetary tightening rather than accepting them
as the price of inϐlation control.

1.14.5 12.5 Resource currency dynamics

Australia’s status as a resource‑currency economy creates a speciϐic complication. Aggressive tightening tends
to appreciate the AUD, which: ‑ Reduces AUD value of resource export earnings ‑ Reduces federal corporate tax
receipts ‑ Reduces state royalty receipts ‑ Compounds rather than alleviates the C dimension
This is genuine political economy complexity, not just political will.

1.14.6 12.6 The intergenerational distribution of pain

SequencedDemolition concentrates short‑termpainonheavily indebtedhouseholds—predominantlymortgage
borrowers with variable‑rate loans, who skew toward middle‑aged Australians (35‑55).
The long‑term beneϐiciaries—future borrowers, young Australians, and the next 5‑10 cohorts of new household
formation—are politically less organized and have less direct policy access.
A note on the H dimension and political visibility: This paper measures H as household debt to GDP (a stock
variable, BIS standard), which reϐlects long‑term structural fragility and alignswith the dominant academic liter‑
ature on credit‑driven crises (Schularick and Taylor 2012; Mian and Suϐi 2014). However, the politically visible
variable is the household debt‑service ratio (DSR), a ϐlow variable measuring monthly mortgage payment rela‑
tive to disposable income. The two variables move in opposite directions during monetary tightening: H_stock
improves over 24‑36 months (deleveraging, reduced new borrowing), while DSR rises immediately as variable‑
rate mortgage payments increase. The political‑economy resistance to monetary tightening documented in
§12.2‑§12.4 operates primarily through the DSR channel, even though the structural‑stability case for tight‑
ening operates through the H_stock channel. This dual‑time‑scale H response is identiϐied as future research
(§14.5) but does not affect the framework’s primary measurements, which rely on H_stock for consistency with
the international comparative literature.

1.14.7 12.7 Implications for the framework’s policy traction

The PLDI/PPLE framework has limited probability of immediate political traction in Australia 2026. However,
the framework retains value through several channels:
Channel 1 · Diagnostic legitimacy for future crisis response Channel 2 · Evaluation tool for opposition
movements Channel 3 · Academic and policy research framework Channel 4 · International applications

The political economy of inaction does not invalidate the framework’s analytical contribution.

1.15 13. Robustness and Counterarguments
1.15.1 13.1 The Modern Monetary Theory critique

The most fundamental challenge to the PLDI framework comes from Modern Monetary Theory (MMT), most
prominently associated in Australia with William Mitchell at the University of Newcastle. The MMT critique:

The C dimension as speciϐied in this paper—federal government net debt as percent of GDP—is not a
meaningful crisis indicator for a currency‑issuing sovereign government. Australia issues debt in its
own currency and faces no involuntary default risk. The “crisis threshold” of 60%of GDP is arbitrary.
The genuine constraint on government spending is real resources (productive capacity), captured
indirectly through inϐlation (the A dimension), not nominal debt levels.
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Our response, in three parts:
Part 1 · Acknowledgment of partial validity: We accept that Australia, as a currency‑issuing sovereign, does
not face involuntary default risk faced by Greece, Argentina, or US states. The C dimension should not be inter‑
preted as predicting Australian sovereign default.
Part 2 · Speciϐication of the actual C‑channel risk: The C dimension captures three distinct mechanisms of
crisis transmission, none of which depends on default risk:

1. Currency depreciation channel: Even without default, sustained ϐiscal expansion combined with mone‑
tary accommodation can drive currency depreciation that imports inϐlation. Argentina, Turkey, Venezuela
illustrate this channel.

2. Sovereign credit rating channel: Rating agencies downgrade currency‑sovereign governments with de‑
teriorating ϐiscal trajectories, raising borrowing costs.

3. Interest service crowding‑out channel: Evenwithout default, interest payments crowd out other expen‑
diture. At Australian net debt of 60% and 4‑5% interest rate, interest payments would consume 2.5‑3%
of GDP—approximately the entire defence budget.

Part 3 · Empirical patterns: The 30 historical cases include numerous currency‑sovereign economies (US, UK,
Japan, Australia, Sweden, Finland, Norway, Brazil, Russia, Mexico, Argentina, Turkey, Korea, Thailand, Indonesia,
Malaysia, Iceland, Chile) where the Dual Breach Principle held despite the absence of involuntary default risk.
The principle’s strength across currency‑sovereign economies indicates that the C‑channel risk is not contingent
on default mechanics.
We conclude that MMT is partially correct (default risk is not the relevant C constraint for Australia) but does
not invalidate the framework.

1.15.2 13.2 The mainstream institutional defence

The “soft landing” forecast forAustralia 2026 reϐlects careful institutional analysis. Australia avoided
the 2008 GFC and the 2020 COVID crisis—why should this analysis suddenly fail in 2026?

Our response, in three parts:
Part 1 · Methodological difference, not data difference: The mainstream forecast and this paper’s diagno‑
sis use largely overlapping data—ABS, RBA, BIS, Treasury statistics are common to both. The divergence in
conclusion arises from analytical framework. Mainstream analysis applies single‑variable evaluation: inϐlation
against the RBA target band, unemployment against the NAIRU, federal debt against international benchmarks,
household debt against historical Australian peaks. Each variable is read in isolation, with implicit assump‑
tion that buffers in non‑stressed dimensions provide insurance. The PLDI framework reads the same variables
jointly through the geometric‑mean aggregation, which (per §4.4 Property P3) is disproportionately sensitive to
the worst‑stressed coordinate while penalizing dispersion. The same 2026‑Q1 data produces “warning but not
alarming” under single‑variable reading and “near Talon Threshold with active policy momentum” under PLDI
reading. The mainstream forecast is not wrong about its inputs; it is incomplete about coupling.
Part2 ·Historical patternofmainstream“soft landing” calls before crisis: The2008and2020 cases that the
mainstream cites as evidence of forecasting reliability are selection‑on‑success. Reinhart and Rogoff’s (2009)
systematic survey of pre‑crisis institutional commentary across 800 years and 66 countries documents that in‑
stitutional consensus systematically underweights tail risk in the conϐigurationsmost vulnerable to it—the “This
Time Is Different” syndrome that Reinhart and Rogoff identify as the canonical pre‑crisis institutional posture.
The pattern is well‑documented across the 1990 Japan crash, the 1997 Korean crisis, the 2008 Irish and Span‑
ish crises, and the 2010 Greek crisis, each preceded by institutional assessments describing manageable rather
than imminent crisis trajectories. Australia’s 2008 PLDI of 1.56 (well above Talon Threshold) and 2020 PLDI of
0.65 (under the corrected two‑sided A formula; deep crisis zone, only avoided full crisis through extraordinary
policy response) are, on the framework’s reading, two prior near‑misses rather than two validations.
Part 3 · Conϐiguration speciϐicity in 2026‑Q1: The 2008 and 2020 episodes featured single‑dimension stress
with three buffering dimensions (H elevated but A/B/C providing buffer in 2008; A/B brieϐly stressed but C/H
stable in 2020). The 2026‑Q1 conϐiguration is two dimensions within 1.0 distance of breach (A and H) with
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active ϐiscal‑monetary policy reducing the remaining buffers. This is the speciϐic conϐiguration that the Dual
Breach Principle (§3.3) identiϐies as the precursor to four‑dimensional convergence. The mainstream forecast
does not have a framework for distinguishing this conϐiguration from generalized “warning zone” stress.

1.15.3 13.3 Identiϐication challenges

The Dual Breach Principle is an empirical regularity, not a causal mechanism. The 30‑case correla‑
tion may reϐlect (a) common shocks, (b) selection bias, or (c) post‑hoc rationalization.

Our response: We acknowledge the limitation directly and address each component.
(a) Common shocks: The 30 cases span 1929‑2024 (95 years), 20+ countries across distinct institutional
structures (currency‑sovereign and euro‑zone, commodity and non‑commodity exporters, ϐixed and ϐloating
exchange rate regimes, advanced and emerging), and four distinct global monetary policy regimes (gold stan‑
dard, Bretton Woods, post‑Bretton Woods ϐloating, post‑2008 quantitative easing). A common‑shock explana‑
tion would require a single mechanism producing dual‑breach‑then‑convergence patterns across this institu‑
tional and temporal span, which strains plausibility relative to a structural‑coupling explanation.
(b) Selection bias: The 30 cases are drawn systematically from established databases (Laeven‑Valencia 2018
Systemic Banking Crises Database, Reinhart‑Rogoff 2009 crisis database) using documented selection criteria
(§5.2), not curated for the convergence pattern. The §5.5 panel‑wide converse test (upgrade from the earlier
four‑case anecdotal sample) provides the formal converse‑side base‑rate evidence: on the D3b 33‑country quar‑
terly panel (n = 2,148 country‑quarter cells), 24‑month banking‑crisis rates are monotonically increasing in
breach_count: 0.00% at no‑breach (n = 565), 2.90% at single‑breach (n = 1,033), 6.79% at dual‑breach (n =
427), 9.43% at triple‑breach (n = 106), and 23.53% at quadruple‑breach (n = 17). The cell‑level dual‑vs‑single
lift is 2.34×; the 2+ vs single lift is 2.69× (script 75, §5.5). Episode‑level analysis (n = 35 single‑breach episodes vs
n=13dual‑breach episodeswith crisis data, 8‑quarter gap‑reset) shows the samedirectional pattern: 9.09%cri‑
sis rate for single‑breach episodes versus 15.38% for dual‑breach episodes (1.7× lift). The previously‑reported
four‑case ratio is replaced by this panel‑wide quantitative converse test; the dual‑breach‑conditional conver‑
gence panel audit reported in the next paragraph complements this converse test by reporting the outcome‑
conditional rate among dual‑breach episodes.
panel audit (closing the selection‑bias attack line): To formalize the selection‑bias concern, we audit the
unconditional convergence rate of dual breach episodes on the D3b pseudo‑real‑time quarterly panel (33 coun‑
tries with all four d_X_pr distances available, 2,148 country‑quarter cells, 1980‑2025). Dual breach is deϐined
per §5.3 strict criterion (X_i > τ_i in dimension i, operationalized as d_X_pr ≤ 0.05, near the ε ϐloor); consecu‑
tive dual‑breach quarters within a country are clustered into a single episode (gap of ≥ 8 quarters required for
re‑entry to count as a new episode). Convergence is the §3.3‑deϐined target (both originally‑non‑breach dimen‑
sions reaching d_j_pr < 1.0 within 24 months). Right‑censored episodes (less than 24 months of forward data)
are excluded.
Results across 53 dual breach episodes (50 non‑censored, 42 strict‑2‑dim‑breach non‑censored):

Conditioning n converged rate 95% CP CI
Strict 2‑dim,
panel‑
unconditional

42 9 21.4% [10.3%, 36.8%]

Inclusive ≥
2‑dim, panel‑
unconditional

50 14 28.0% [16.2%, 42.5%]

Strict 2‑dim,
conditional on
subsequent crisis

3 2 66.7% (n too small for
informative CI)
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Conditioning n converged rate 95% CP CI
Strict 2‑dim,
conditional on
no subsequent
crisis

39 7 17.9% [7.5%, 33.5%]

30‑case
selection‑
biased rate
(§3.3, for
reference)

30 28 93.3% [78.0%, 99.2%]

The selection‑on‑dependent‑variablemechanism is therefore quantitatively conϐirmed: the 93.3%rate reported
in §3.3 is conditional on the dual breach episode escalating to a systemic banking crisis (the 30‑case sample is
by construction restricted to LV / RR‑classiϐied crises). The unconditional rate at which dual breach episodes
are followed by 4‑dimensional warning‑zone convergence within 24 months is materially lower (21.4% strict /
28.0% inclusive); the gap between the conditional 66.7% (n = 3 in the modern quarterly panel) and the uncon‑
ditional 17.9% in the no‑crisis subset is a 3.7× lift, qualitatively reproducing the selection mechanism even at
small n. We accept this reϐinement: the Dual Breach Principle as originally stated in §3.3 is more precisely un‑
derstood as a characteristic feature of dual breach episodes that subsequently escalate to systemic banking crises,
rather than as a universal regularity of dual breach occurrence. This reϐines without abandoning the principle’s
empirical role: (i) dual breach remains a 4.16× crisis‑lift indicator (P(crisis next 24m | dual breach cell) = 7.8%
vs base rate 1.9% on the same panel); (ii) the 4‑dimensional convergence pattern is observed in the majority
of dual‑breach‑plus‑crisis cases historically; (iii) the §5.5 counterfactual asymmetry (single‑dimension stress
without dual breach does not produce convergence even in stressful episodes) is preserved. The previous nar‑
rative wording “dual breach → convergence” should be read as conditional on crisis sequel rather than as a
deterministic implication. The §14.5 future‑research item 1 (full Laeven‑Valencia 151‑case panel test) remains
a higher‑power formal restatement of this audit; the panel audit reported here is a quantitative lower bound on
its eventual scope. Replication code in d3b_data/scripts/44_selection_bias_audit.py; tabulated results
in outputs/selection_bias_audit_results.csv and outputs/selection_bias_audit_summary.md.
Cox proportional‑hazards formalisation of the selection‑bias audit. The panel‑audit binary analysis
above is extended via a Cox proportional‑hazards model (Cox 1972; estimated using lifelines 0.30) on the
52 non‑censored dual‑breach episodes, with time‑to‑warning‑zone‑convergence as the primary endpoint
and time‑to‑LV‑banking‑crisis as the secondary (exploratory) endpoint. The Cox formalisation accounts for
time‑to‑event (rather than binary 24‑month occurrence) and stratiϐies by the three country clusters identiϐied
in §5.3a (high‑baseline, Australia‑clustered, low‑baseline). Results on the primary endpoint (n_event = 12
convergences out of 52 non‑censored episodes; 23.1% rate, consistent with the panel‑audit binary result 21.4%
on a slightly larger inclusive sample): the model achieves concordance index 0.86 and likelihood‑ratio‑test
p = 0.002 against the null. No statistically signiϐicant cluster heterogeneity is detected in convergence
rates — pairwise logrank tests across all four clusters yield p ≥ 0.79; the per‑cluster convergence rates are
tightly clustered around 20–25% (AUS‑clustered 22%, high‑baseline 22%, low‑baseline 20%, other 25%),
consistent with the panel‑audit unconditional rate as a panel‑wide feature rather than a country‑cluster‑
speciϐic phenomenon. The Cox coefϐicient on PLDI at dual‑breach formation is statistically signiϐicant (z =
−3.32, p = 0.0009) with negative sign (lower PLDI → higher convergence hazard), but the magnitude exhibits
numerical artifacts from the small effective sample (12 events) and the constrained covariate range; we
report the directional ϐinding but caution against interpreting the hazard‑ratio magnitude. The secondary
LV‑crisis endpoint (n_event = 3) is reported in the audit material as exploratory only, with all covariate p‑values
exceeding 0.6 and conϐidence intervals spanningmultiple orders of magnitude. The Cox formalisation therefore
conϐirms the panel‑audit binary result under time‑to‑event semantics and does not detect cluster
heterogeneity in convergence behaviour, reϐining without overturning the panel‑audit ϐinding. Replication
code in d3b_data/scripts/80_cox_hazard_dual_breach.py; full hazard‑ratio tables and KM survival curves
in outputs/cox_hazard_audit.md and outputs/cox_hazard_km_curves.png.
Cross‑frequency Cox PH validation on the long‑annual JST 18‑country panel. The quarterly Cox re‑

96



sult above is extended in extended to the Jordà‑Schularick‑Taylor R6 macrohistory database (18 advanced
economies × 1870‑2020 annual, with JST crisisJST banking‑crisis indicator combined with Laeven‑Valencia
1970‑2017 onsets into the crisis_year_long union series, see §14.5 long‑history JST paragraph for data
construction). On the modern post‑1948 subset where all four ABCH dimensions are observable (strategy
α: drop pre‑1948 data where unemployment series are sparse), dual breach is deϐined identically to §5.3
(≥ 2 of 4 dimensions with d_x_pr < 0.05 simultaneously); consecutive years are clustered into single
formation episodes (gap of ≥ 1 year required for re‑entry). The resulting sample comprises 89 annual
dual‑breach episodes across the 18 JST countries 1948‑2020 (vs 52 quarterly episodes in the modern panel
above). Time‑to‑warning‑zone‑convergence is measured in years with an 8‑year right‑censoring horizon
(chosen to match the Schularick‑Taylor 2012 typical credit‑cycle length and approximately 2× a standard
business cycle). Results on the primary endpoint: n_event = 35 / 89 (39.3%) convergences, concordance
index 0.798, with the PLDI‑at‑DBF covariate coefϐicient 𝑧 = −4.09 (𝑝 = 4.4 × 10−5, negative sign as
expected). The signed direction and signiϐicance level reproduce the quarterly the quarterly Cox ϐinding
(𝑧 = −3.32 on 4‑dim quarterly) on this independent annual sample at a substantially stronger statistical
level; the higher convergence rate (39.3% annual vs 23.1% quarterly) is consistent with the longer 8‑year
horizon vs 8‑quarter horizon and is not directly comparable as a binary rate. The secondary endpoint on
the union crisis_year_long outcome reaches n_event = 12 / 89 (vs n_event = 3 / 52 in the quarterly
quarterly secondary endpoint), addressing the small‑sample limitation of the quarterly secondary result.
The Dual Breach mechanism is therefore cross‑frequency‑validated on independent data: at quarterly
frequency (1980‑2025, 33 countries, BIS quarterly panel) and at annual frequency (1948‑2020, 18 JST coun‑
tries, JST annual macrohistory), the PLDI‑at‑DBF coefϐicient retains the same sign and reaches conventional
statistical signiϐicance under Cox proportional‑hazards inference. This reϐines the framework’s mecha‑
nism scope (cross‑frequency, modern‑era robust) without altering the §3.3 statement. Replication code in
d3b_data/scripts/81_cox_hazard_annual.py and 85_strategy_alpha_robustness.py; full hazard‑ratio
tables andKMsurvival curves inoutputs/cox_hazard_annual_audit.md, outputs/strategy_alpha_robustness_audit.md,
and outputs/cox_hazard_annual_km_curves.png.
(c) Post‑hoc rationalization: The Talon Threshold value 0.80was identiϐied in the original 13‑section draft and
has been retained without modiϐication across subsequent revisions; in in the current revision it was formally
speciϐied as the universal cutoff PLDI𝑝𝑟 = 0.80 on the pseudo‑real‑time PLDI scale (§3.2), with the level‑scale
country‑baseline product 𝑇AUS = 0.885 providing numerical coincidence on the §8.1 narrative scale (§5.3a).
The threshold was not adjusted to ϐit the expanded 18‑case sample added in the expanded case‑set. The thresh‑
old is heuristically calibrated (§A.4) rather than statistically optimized against the 30‑case sample, which lim‑
its its in‑sample ϐit but preserves its falsiϐiability against out‑of‑sample data. The expansion from 12 to 30
cases preserved the 93.3% support rate (12/12 = 100%; 16/18 = 89%; combined 28/30); a ϐitted threshold
would have been re‑tuned upward to maximize the combined rate. Quantitative out‑of‑sample test: apply‑
ing the universal PLDI𝑝𝑟 = 0.80 cutoff to a pseudo‑real‑time PLDI series computed with country‑speciϐic σ‑
normalisation on the full Laeven‑Valencia 1970‑2017 panel (3,142 country‑quarter cells) yields a 21.5× lift in
𝑃(banking crisis next 24m ∣ PLDI𝑝𝑟 < 0.80) versus PLDI𝑝𝑟 ≥ 0.80, with single‑predictor logit AUC = 0.64. The
universal‑cutoff deployment speciϐication is empirically dominant relative to country‑speciϐic alternatives on
either scale (head‑to‑head four‑spec comparison reported in §A.4 transparency disclosure). The threshold’s
informativeness is therefore veriϐied out‑of‑sample, not just retained pre‑ϐit (see §14.5 implementation status).
(d) Mechanism speciϐication: Four speciϐic transmission mechanisms (ϐiscal, monetary, conϐidence, asset
price endogeneity) articulated in §3.3 ground the empirical regularity in standardmacroeconomic transmission
channels rather than requiring novel coupling theory.
These four considerations support taking the principle seriously as a working hypothesis pending the full‑panel
test identiϐied in §14.5.

1.15.4 13.4 Threshold and parameter sensitivity

Small changes in calibration choices generate substantially different PLDI values.
Our response: We address parameter sensitivity at four levels: threshold choice, sigma choice, aggregation
function choice, and Talon Threshold choice.
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Threshold sensitivity: The 2026‑Q1 PLDI of 1.16 is computed under Calibration A (theoretical thresholds:
τ_A_upper = 6.0%, τ_B = 7.0%, τ_C = 60%, τ_H = 130%). Section 8.4 reports two alternative threshold sets: Cali‑
brationB (Australian historical P95) yields PLDI = 0.76 (Talon Threshold breached); Calibration C (international
crisis thresholds) yields PLDI = 1.92 (warning zone, below safe zone of 1.50). The qualitative classiϐication—
Australia 2026‑Q1 is at minimum in the warning zone, plausibly at the Talon Threshold—is invariant across all
three threshold sets. For 2026‑Q1 to land in the safe zone (PLDI > 1.50) under any of these calibrations, the
underlying state variables (CPI 4.6%, unemployment 4.3%, federal debt 34.4%, household debt 113.7%) would
need to materially improve, not the calibration parameters.
Sigma sensitivity: Section 8.4 reports PLDI under sigma values 50% higher and 50% lower than baseline. The
range is 0.84‑1.42, allwithinwarning or threshold zones; sigma scaling does not produce safe‑zone classiϐication
under the current state vector.
Sigma functional form (empirical, 43‑country panel): Beyond the Australia‑speciϐic ±50% sigma scaling
above, an empirical sensitivity test on the §A.4 pseudo‑real‑time pipeline addresses the choice of σ functional
form for the two‑sided A dimension. There is a residual speciϐication tension between §3.1 / §4.3 and §5.3: §3.1
/ §4.3 specify the A dimension with an asymmetric σ structure (distinct σ_A_upper and σ_A_lower, motivated
by the Fisher dynamic ϐloor and the empirical narrowness of the deϐlation tail in advanced economies; ϐixed at
σ_A_upper=2.0 andσ_A_lower=1.5 for theAustralianCalibrationA),whereas §5.3 (the country‑speciϐic pseudo‑
real‑timenormalisation rule applied across the43‑countrypanel) speciϐies a singleσ_X computedas the country‑
speciϐic historical standard deviation over the prior‑data window. The Phase 4 baseline (v1) follows §5.3 liter‑
ally and uses a single pooled σ_A for both the high‑inϐlation and deϐlation sides of the A distance. The Phase 4b
reϐinement (v2) is a data‑derived attempt to reconcile §5.3 with the asymmetric concept of §3.1 / §4.3 by split‑
ting the prior‑data window at its median—σ_A_upper estimated on past CPI observations ≥ median, σ_A_lower
on past CPI observations < median—as a country‑speciϐic analog of the ϐixed theoretical values in Calibration A.
Re‑running the full PLDI_pr pipeline on the 43‑country BIS modern panel under both speciϐications on identi‑
cal samples yields: v1 (single pooled σ_A, §5.3‑faithful) AUC = 0.6355, lift ratio 21.5× at the 0.80 threshold; v2
(median‑split σ_A_upper / σ_A_lower, an attempted reconciliationwith §3.1 / §4.3) AUC= 0.6034, lift ratio 13.3×.
The §5.3‑faithful single‑σ speciϐication outperforms the median‑split asymmetric speciϐication by 0.032 AUC.
We interpret this as a ϐinite‑window bias‑variance tradeoff: with the 30‑year (annual) and 120‑quarter (quar‑
terly) prior‑data windows used for §5.3 normalisation, splitting the sample at the median halves the effective
σ‑estimation sample on each side and inϐlates variance more than the asymmetry bias it removes. For pseudo‑
real‑time applications on ϐinite windows the single‑σ §5.3 form is therefore the empirically robust default; the
asymmetric formof §3.1 / §4.3 remains the theoreticallymotivated speciϐication but its data‑derived translation
onto small windows is empirically penalised. The v1 outperformance is consequently not evidence of artiϐicial
over‑ϐit of the §5.3 formbut rather of the cost of sample fragmentation in the v2 reconciliation attempt. Whether
an alternative reconciliation (e.g., quantile‑anchored σ_A_upper from the upper‑tail empirical spread above
τ_A_upper rather than the median; or a hierarchical pooling across the upper and lower halves) would close
this gap is left as a future reϐinement. Replication code: d3b_data/scripts/31b_pseudo_realtime_v2.py;
tabulated comparison in d3b_data/outputs/phase4_5_audit.md §1.5.
Aggregation function sensitivity: Section 8.4 reports PLDI under three alternative aggregators (arithmetic
mean = 1.27, Mahalanobis = 1.31, with geometric mean baseline = 1.16). All three place 2026‑Q1 in the warning
zone; none produces safe‑zone classiϐication. The geometric mean’s stronger sensitivity to the worst‑stressed
coordinate (§4.4 Property P3) produces the lowest PLDI value, but the qualitative ϐinding does not depend on
the geometric‑mean choice.
Talon Threshold sensitivity: The Talon Threshold value 0.80 was identiϐied in the initial draft and retained
without modiϐication (§13.3 c); it is formally speciϐied as the universal PLDI𝑝𝑟 = 0.80 cutoff on the pseudo‑
real‑time PLDI scale (§3.2), with numerical coincidence on the level‑scale narrative via 𝑇AUS = 0.885 rounded
(§5.3a). For 2026‑Q1 to fall below the TalonThreshold (i.e., the framework to recommend immediate crisis‑zone
classiϐication), either (i) the threshold would need to be raised above 1.16—implausible, since it would require
all historical crisis‑zone observations (1991‑Q4 = 0.62, 2020‑Q4 = 0.65, 2022‑Q4 = 0.44) to be reclassiϐied as
crisis‑class with substantial buffer, or (ii) PLDI itself would need to fall below 0.80—exactly what the active
ϐiscal‑monetary trajectory identiϐied in §8.3 is moving it toward.
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Summary: across threshold, sigma, aggregation function, and Talon Threshold variations, no speciϐication
places 2026‑Q1 in the safe zone. The robustness claim is not “the speciϐic PLDI value of 1.16 is uncertain but
the directional classiϐication is invariant”; it is “the directional classiϐication is invariant under all reasonable
robustness speciϐications”.

1.15.5 13.5 Alternative scenarios and external shocks

Favorable scenarios: China demand recovery, oil price decline, AI productivity surge, US Federal Reserve rate
cuts. Each affects multiple dimensions: a China demand recovery would lift Australia’s resource exports (im‑
proving C through royalty receipts and B through commodity‑sector employment) but pressure A through input
cost transmission. An oil price decline would reduce A directly but compress LNG export revenues that buffer
C. An AI productivity surge would raise potential output, shifting the inϐlation‑employment Phillips Curve favor‑
ably (A↓, B↓) without consuming C or H buffer. US Federal Reserve rate cuts would ease the RBA’s inϐlation‑
management constraint, allowing earlier rate normalization that begins H deleveraging.
Unfavorable scenarios: China property/credit crisis, Middle East conϐlict escalation, regional banking stress,
global trade disruption. Each operates through distinct channels: a China property crisis would collapse Aus‑
tralian iron ore prices (degrading C through royalty losses, pressuring B through resource‑sector contraction);
Middle East escalation would spike oil prices (pressuring A directly and B through demand destruction); re‑
gional banking stress would tighten Australian credit conditions (pressuring H through margin calls and forced
deleveraging); global trade disruption would erode Australia’s structural buffer (currency‑sovereign + AAA +
ϐloating FX) by reducing the resource‑export earnings that underpin C.
Asymmetric risk structure: The favorable scenarios share a feature that the unfavorable do not: each requires
multiple favorable conditions to simultaneously hold to materially shift PLDI toward safe‑zone classiϐication.
The unfavorable scenarios share a feature that the favorable do not: any one of them, materializing alone, can
accelerate dual breach by depleting one or more dimensional buffers. This asymmetry is the central structural
point: the framework’s warning is not contingent on any speciϐic scenario materializing but on the joint conϐig‑
uration that makes multiple scenarios individually sufϐicient triggers.
Joint probability considerations: Even if the marginal probability of each individual unfavorable scenario is
small within a 24‑month window, the probability that at least one materializes within 24 months is materially
higher than any individual probability (oneminus the product of individual non‑occurrence probabilities, under
approximate independence). The framework’s central point is not that any speciϐic scenariowill materialize but
that the conϐiguration is unusually vulnerable to multiple potential triggers, and that the joint risk of “at least
one trigger” is the policy‑relevant measure rather than any individual scenario probability.

1.15.6 13.6 Sample size and external validity

The 30 cases were speciϐically selected to span diverse institutional conϐigurations (advanced and emerging,
currency‑sovereign and euro‑zone, commodity and non‑commodity, ϐixed and ϐloating exchange rate). The
93.3% support rate across this diverse sample is consistent with the principle reϐlecting a structural feature
of macroeconomic systems rather than a country‑speciϐic phenomenon.
Statistical power: The exact one‑sided binomial test against H₀: π = 0.50 yields p = 4.34 × 10⁻⁷ (TheoremA.5.3),
corresponding to high power for detecting deviations from random convergence. The marginal‑signiϐicance
result against H₀: π = 0.80 (p = 0.044, Theorem A.5.4) reϐlects the reality that distinguishing 93% from 80%
with 30 observations is itself near the boundary of what such a sample can support; the same support rate at n =
50would yield p ≈ 0.006 (an 8‑fold reduction in the p‑value), and at n = 100would yield p ≈ 3 × 10⁻⁴ (a 160‑fold
reduction, slightly over two orders of magnitude). Sample size, not principle direction, is the binding constraint
on the strength of evidence against the 80% null.
Sub‑sample robustness: The 12‑case original sample (12/12 = 100%) and the 18‑case extension (16/18 =
89%) both individually support the principle atwarning‑zone convergence. The twonon‑converging cases (Nor‑
way1988, Brazil 2015) come fromtheextension, raising the empirically observed rate from100%to93.3%upon
expansion—a magnitude consistent with regression to the population mean rather than evidence of an over‑ϐit
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12‑case original. Across geographic sub‑samples (advanced and emerging economies) and across regime sub‑
samples (currency‑sovereign and euro‑zone), the convergence rate is qualitatively stable; precise per‑cell CIs are
constrained by the small per‑cell sample sizes and reported in supplementary materials with the §14.5 future‑
research full‑panel implementation.
External validity threats: Three threats are non‑trivial. First, future crisis conϐigurations may differ struc‑
turally from the 1929‑2024 sample (potential candidates: central bank digital currencies altering the H‑A trans‑
mission, climate‑driven physical‑asset shocks altering the ϐiscal‑monetary nexus, AI‑driven productivity discon‑
tinuities). Second, the sample is endpoint‑censored: the 2024 cutoff means the framework has not been tested
against crises that emerge in 2025‑2030 windows. Third, country‑speciϐic threshold calibration (§5.3) intro‑
duces judgment that may not generalize uniformly across all advanced economies (§14.5 candidate applica‑
tions).
Path forward: Larger panel tests using the full Laeven‑Valencia 151‑case sample combined with the Jordà‑
Schularick‑Taylor R6 macrohistory database (18 advanced economies × 1870‑2020) are identiϐied as priority
for subsequent research (§14.5 item 1). The combined panel provides approximately 2,700 country‑year ob‑
servations for advanced economies plus 7,740 modern country‑quarter observations, sufϐicient for rigorous
out‑of‑sample testing of the threshold and the Dual Breach Principle’s convergence claim.

1.15.7 13.7 What would falsify the framework?

The Dual Breach Principle would be substantially weakened by: ‑ Three or more documented cases of dual
breachwithout subsequent convergencewithin 36months ‑ Twoormore documented cases of dimensional con‑
vergence preceded by no dual breach ‑ A formal panel data analysis ϐinding the convergence pattern statistically
indistinguishable from random ‑ Identiϐication of speciϐic Australian structural features that genuinely insulate
it
The PLDI/PPLE framework would be substantially weakened by: ‑ Evidence that the four chosen dimen‑
sions are not the appropriate set ‑ Demonstration that the geometric mean aggregation systematically misclas‑
siϐies crisis risk ‑ Application to non‑Australian economies that produces classiϐications inconsistent with his‑
torical experience
The Australia 2026 forecast would be falsiϐied by: ‑ PLDI rising above 1.50 (safe zone) within 24 months
despite continuation of current PPLE‑negative policy ‑ Synchronized crisis materializing within 5 years (would
actually be vindication) ‑ Sequenced demolition being implemented and producing better outcomes (would vin‑
dicate the counterfactual)
We invite rigorous attempts to falsify any of these claims.

1.15.8 13.8 Canada robustness and counterarguments

The seven §13 robustness exercises above are developed in the AUS context (§13.1 MMT critique; §13.2 main‑
stream institutional defence; §13.3 identiϐication challenges including the panel‑audit selection‑bias + Cox PH
cross‑frequency formalisation; §13.4 threshold and parameter sensitivity; §13.5 alternative scenarios and ex‑
ternal shocks; §13.6 sample size and external validity; §13.7 what would falsify the framework). For the Canada
P3 application introduced in §2.4b / §7’.2 / §7’.4 / §8’.3 / §10’, we report the parallel Canada‑speciϐic robustness
exercises in this sub‑section (§13.8.1‑§13.8.7).

1.15.8.1 13.8.1 The post‑Keynesian (Lavoie) critique Transparent caveat on Canadian heterodox‑
economics terrain. Canada has no MMT‑proper academic of WilliamMitchell’s stature (U. Newcastle Australia,
who anchors §13.1). The closest Canadian analogue is Marc Lavoie (U. Ottawa emeritus), co‑author with
the late Wynne Godley of Monetary Economics: An Integrated Approach to Credit, Money, Income, Production,
and Wealth (Palgrave 2007, 2nd ed. 2012), the canonical post‑Keynesian stock‑ϐlow consistent (SFC) macroe‑
conomics text. Lavoie’s framework overlaps with MMT on currency‑sovereign monetary architecture but is
methodologically distinct: it grounds monetary endogeneity, ϐiscal capacity, and crisis dynamics in explicit
stock‑ϐlow consistent national accounting rather than functional‑ϐinance principles. The §13.8.1 critique ad‑
dresses the post‑Keynesian SFC challenge from the Lavoie framework, which is the closest Canadian heterodox
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analogue to the §13.1 Mitchell‑MMT critique but is distinct from MMT proper and should be read as the
post‑Keynesian (not MMT) critique throughout this section.
The Lavoie post‑Keynesian SFC critique (paraphrased synthesis of Godley‑Lavoie 2007/2012 and Lavoie’s
2014 Post‑Keynesian Economics: New Foundations Ch. 1‑2, 9):

The C dimension as speciϐied in this paper — federal government gross debt as percent of GDP
— is not a meaningful crisis indicator for a currency‑issuing sovereign with ϐloating exchange rate.
Canada issues debt in Canadian dollars and faces no involuntary default risk on CAD‑denominated
obligations. The Bank of Canada is the monopoly issuer of CAD; settlement of federal liabilities is
a keystroke operation, not a ϐinancing operation. Per the Godley‑Lavoie stock‑ϐlow‑consistent na‑
tional accounting framework, the relevant macroeconomic constraint is real‑resource (productive
capacity utilization), which is captured indirectly through the A (inϐlation) dimension when capac‑
ity is fully utilized, not through any nominal debt‑stock level. The 60% C threshold (Cal A) or 66%
C threshold (Cal B Canada historical) lacks economic content for a currency‑sovereign; both are ar‑
bitrary calibration choices that misclassify expansionary ϐiscal policy as crisis‑inducing when the
binding constraint is real‑resource (captured by A and B), not nominal‑debt (captured by C).

Our response, in three parts:
Part 1 · Acknowledgment of partial validity. We accept that Canada, as a currency‑issuing sovereign with
ϐloating CAD, does not face the involuntary default risk that bound Greece in 2010, Argentina recurringly since
2001, or US state governments structurally. The Bank of Canada Act 1985 establishes BoC as monopoly CAD
issuer, and Department of Finance Canada Annual Financial Report data documents continuous federal debt
rollover capacity throughout the 1980‑2025 sample including the 1995‑Chretien peak at 66.6% (the empirical
anchor for Cal B τ_C = 65.98%). The C dimension should not be interpreted as predicting Canadian sovereign
default, nor as a binary debt‑ceiling‑type constraint.
Part 2 · Speciϐication of the actual C‑channel risk. The C dimension in our framework captures three distinct
mechanisms of crisis transmission, none of which depends on default risk: (i) Currency depreciation channel
(CAD‑speciϐic) — sustained ϐiscal expansion combined with BoC monetary accommodation can drive CAD de‑
preciation that imports inϐlation through the import‑share‑of‑CPI channel (BoC import‑passthrough estimates
0.20‑0.30 per 10% CAD depreciation; BoC SDP paper 2018‑19). Canada’s 32% import share of GDP (StatCan
IEA 2024) means CAD weakness contributes meaningfully to A dimension stress even absent default risk. Ar‑
gentina, Turkey, and Venezuela illustrate the same mechanism at extreme intensity — all three are currency‑
sovereign issuers but suffered crisis via the currency‑inϐlation channel, not default. (ii) Sovereign credit rating
channel— Moody’s reviews of Canada (Aa1 2014; Aaa preserved 2021) and provincial downgrades of Ontario
(Aa3 2023), Quebec (Aa2 2019), and Alberta (Aa2 2020 downgrade) demonstrate that rating agencies adjust
currency‑sovereign assessments based on ϐiscal trajectory independent of default mechanics. Each downgrade
raises CAD‑denominated borrowing costs, which feeds the C‑channel through interest‑service burden evenwith‑
out nominal default. (iii) Interest‑service crowding‑out channel—atCanadian federal gross debt of 33%GDP
and 5‑year Government of Canada bond yield of 3.2% (May 2026), federal interest payments consume approx‑
imately 1.1% of GDP. At Cal A τ_C = 60% and the same 3.2% yield, interest payments would consume approx‑
imately 1.9% of GDP — roughly equivalent to Canada’s foreign‑aid commitment plus the additional NATO 2%
defence increment. Crowding‑out of discretionary ϐiscal capacity is a real economic constraint independent of
default risk.
Part 3 · Empirical patterns in the 30‑case + Canada‑extension sample. The 30 historical crisis episodes in
§11 include numerous currency‑sovereign economies (US, UK, Japan, Australia, Sweden, Finland, Norway, Brazil,
Mexico, Argentina, Turkey, Korea, Thailand, Indonesia, Malaysia, Iceland, Chile — and now via §11.13a‑e the
Canadian 1995, 2009, 2017‑18, 2020 COVID, 2022‑23 episodes) where the Dual Breach Principle held despite
the absence of involuntary default risk. Two Canada cases illustrate: Canada 1995 (§11.13a, hit at 2.5/3) —
the federal ϐiscal consolidation episode under Chretien‑Martin operated through the C dimension at gross debt
66.6%; both Cal A and Cal B classiϐied the period correctly as C‑channel stress. Currency‑sovereign Canada with
ϐloating CAD throughout; involuntary default was not the binding constraint. Canada 2009 (§11.13d, hit at
3/3) — the GFC stimulus episode at 0.7% GDP expansion plus the 2008‑Q4 BoC 250bp cuts evaluated as Fuse‑
direction; the H‑channel concurrently exhibited cycle‑extension dynamics. These cases demonstrate that the C
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dimension captures real economic constraints (crowding‑out, currency‑channel, rating‑channel) that operate
symmetrically on currency‑sovereign and non‑sovereign issuers.
Synthesis. The Lavoie post‑Keynesian critique is partially correct (default risk is not the binding C constraint
for Canada) but does not invalidate the framework. The three‑mechanism response above speciϐies the actual
C‑channel risk proϐile, which is distinct from sovereign‑default risk but empirically operative in the historical
sample including Canadian episodes. The framework’s PPLE‑based Fuse classiϐication of currency‑sovereign ϐis‑
cal expansion tracks the currency‑channel, rating‑channel, and crowding‑out‑channel transmissionmechanisms
that operate independently of nominal‑default risk and that the Godley‑Lavoie SFC framework itself accommo‑
dates within its stock‑ϐlow accounting (Lavoie 2014 Ch. 7, 12; Godley‑Lavoie 2007 Ch. 6, 9, 11). The substantive
disagreement is over which transmission channel is empirically dominant, not over the SFC accounting itself.

1.15.8.2 13.8.2 The mainstream institutional defence (BoC + Department of Finance + PBO)

Canada’s mainstream forecast — BoC Monetary Policy Report (April 2026 release), Department of
Finance Canada budget projections (Budget 2026), ParliamentaryBudgetOfϐice Fiscal Sustainability
Report 2024 — suggests Canada avoided the 2008 GFC severity through measured policy response
and is on a sustainable trajectory through 2030. The 2025‑Q3 PLDI of 0.988 (Warning zone) is un‑
comfortable but not crisis‑class. Why should Phase Locking analysis suddenly fail in 2026?

Our response, in three parts:
Part 1 · Methodological difference, not data difference. The mainstream Canadian forecast and this paper’s
diagnosis use largely overlapping data inputs — StatCan CPI and labour series, BoC Selected Bond Yields and
policy rate path, Finance Canada Annual Financial Report ϐiscal aggregates, and CMHC/BoC household‑debt ag‑
gregate. The divergence in conclusion arises from analytical framework. Mainstream analysis applies single‑
variable evaluation: inϐlation against the BoC 2% target (currently 2.36%, within reach), unemployment against
the historical post‑1990 mean (~6.8%, currently 7.1%, modest above‑trend), federal debt against international
benchmarks (33% gross net of CPP/QPP, well below G7 median), household debt against the 100‑110% histor‑
ical range. Each variable is read in isolation, with implicit assumption that buffer in non‑stressed dimensions
provides insurance against the one stressed dimension. The PLDI framework reads the same variables jointly
through the geometric‑mean aggregation, which (§4.4 Property P3) is disproportionately sensitive to the worst‑
stressed coordinate (currently d_H = 0.186 under Cal B — near the ε ϐloor). The same 2025‑Q3 data produces
“single‑dimension stresswithinmanageable buffer” under single‑variable reading and “single dimension at ϐloor
with the other three providing buffer that the geometric mean is structurally unable to translate into safe‑zone
classiϐication” under PLDI reading. Themainstream forecast is notwrong about its inputs; it is incomplete about
coupling.
Part 2 · Historical pattern of Canadian “soft landing” calls before stress. The mainstream cites Canada’s
avoidance of severe 2008‑09 banking‑crisis severity (no major bank failures, Big Five Canadian banks emerged
with capital ratios above pre‑crisis levels; IMFArticle IV 2010 commendation) as evidence of forecasting reliabil‑
ity. The 2008‑09 episode is a selection‑on‑success case: Reinhart and Rogoff (2009) document that institutional
consensus systematically underweights tail risk in the conϐigurations most vulnerable to it, and the Canadian
“soft landing” call of 2007‑Q3 (BoC MPR October 2007) preceded the global crisis trajectory — Canada was
insulated by its mortgage‑market structure (5‑year ϐixed, no subprime origination scale, OSFI capital‑rule con‑
servatism) and its commodity‑export structure, not by superiormacro forecasting. The 2017‑18 BoC tightening
cycle (§11.13b) preceded household‑debt‑service‑ratio peaks that were not ϐlagged in institutional commen‑
tary at the time; the 2022‑23 BoC tightening (§11.13a) was framed as inϐlation‑control without explicit warning
about the household‑debt phase‑locking risk.
Part 3 · Conϐiguration speciϐicity in 2025‑Q3. The 2008‑09 and 2020 COVID episodes featured single‑
dimension stress with three buffering dimensions. The 2025‑Q3 conϐiguration is single‑dimension stressed
(H only) under Cal B — but with the H‑dimension at the ε ϐloor (d_H = 0.186, baseline PLDI 0.988), and
with active BoC monetary easing (225bp cumulative 2024‑06 to 2025‑04) that the bootstrap analysis (§8’.3)
identiϐies as PPLE −0.645 (Fuse+). The mainstream forecast does not have a framework for distinguishing this
conϐiguration from generalized “warning zone” stress. Under Cal A (§13.8.4 below), the same conϐiguration
reads as PLDI 0.454 (Crisis zone), with d_B simultaneously at the ε ϐloor due to AUS‑tuned τ_B = 7.0 < current
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Canada unemp 7.1 — a calibration‑speciϐic dual‑breach reading that the mainstream framework cannot
produce because it does not aggregate. Whichever calibration is used, the PLDI reading is not consistent with
the mainstream “manageable” framing.

1.15.8.3 13.8.3 Identiϐication challenges

The Dual Breach Principle is an empirical regularity, not a causal mechanism. The 30‑case + Canada‑
extension correlation may reϐlect common shocks, selection bias, post‑hoc rationalization, or mech‑
anism mis‑speciϐication.

We address each component as it applies to the Canadian extension. (a) Common shocks · Canadian
institutional‑historical depth: The Canada‑speciϐic cases (§11.13a‑e) span 30 years (1995‑2023) and cover
four distinct global macro‑monetary regimes and Liberal majority (Chretien), Conservative minority (Harper),
Liberal minority (Trudeau twice), and Liberal majority post‑Trudeau (Carney transition). A common‑shock
explanation would require a single mechanism producing the four‑fold convergence pattern across this
institutional and regime span. (b) Selection bias · Canadian‑relevant Laeven‑Valencia episodes: The
Laeven‑Valencia 2018 database identiϐies Canada as a non‑systemic‑banking‑crisis country across the 1970‑
2017 sample, but the §11.13 Canadian cases are pre‑crisis or non‑crisis episodes selected for analytical content
(policy actions with measurable framework‑direction implications), not crisis‑conditioned. The §5.5 panel‑
wide converse test result applies symmetrically to Canada within the panel. (c) Post‑hoc rationalization: The
Phase 3 extension added ϐive Canadian cases (§11.13a‑e), evaluated against the same per‑cycle Cal A thresholds
and the same ≥2/3 hit criterion. The aggregate Canada cross‑validation of 14/15 = 93.3% hit rate (with
§11.13b at 0.5/3 the single exception, downgraded post‑hoc to conditional‑applicability disclosure) represents
a fourth‑fold validation cycle against an independent country sample. The §11.16 synthetic‑control robustness
re‑evaluation reinforces this (Abadie‑Diamond‑Hainmueller 2010 synth gives 13/15 sign‑agreement). (d)
Mechanism speciϐication · 4 mechanisms applied to Canadian institutional context: BoC ϐiscal endogene‑
ity (Bank of Canada Act 1985 analogous to RBA‑Treasury); Canadian‑speciϐic 5‑year ϐixed mortgage roll‑rate
transmission delay (12‑18 month timing displacement); CAD as 7th‑most‑traded currency with 30% import‑
share × 0.25 passthrough; Canadian residential real‑estate as 48% of household assets. These mechanisms
map symmetrically onto the §3.3 AUS speciϐication with Canadian‑speciϐic institutional embodiment.

1.15.8.4 13.8.4 Calibration A vs Calibration B sensitivity (re‑run results)

Small changes in calibration choices generate substantially different PLDI values; the §8’.3 PPLE re‑
sults may be Cal B‑artefactual.

We re‑ran the full 14‑policy bootstrap pipeline under Calibration A (theoretical thresholds per §4.2: τ_A_upper
= 6.0%, τ_A_lower = 0.0%, τ_B = 7.0%, τ_C = 60%, τ_H = 130%) on the identical 2025‑Q3 macro readings (A =
2.36%, B = 7.1%, C = 32.87%, H = 100.2%). Pipeline: _wip/canada_p3/canada_pple_bootstrap_calA.py;
per‑policyCSV:d3b_data/outputs/canada_pple_per_policy_calA.csv; aggregate JSON:d3b_data/outputs/canada_pple_summary_calA.json.
Baseline PLDI under Cal A vs Cal B:

Metric Cal A (theoretical) Cal B (Canada P95) Δ
d_A 1.573 1.034 +0.539 (Cal A wider)
d_B 0.010 (ε ϐloor) 2.063 −2.053 (Cal A ϐloor)
d_C 1.809 2.395 −0.586 (Cal A tighter)
d_H 1.490 0.186 +1.304 (Cal A wider)
PLDI 0.454 (Crisis) 0.988 (Warning) −0.534 zone change

The single largest mechanical driver of the Cal A vs Cal B divergence is the B dimension ϐlooring: AUS‑tuned
τ_B = 7.0% sits 0.1 pp below current Canadian unemployment 7.1%, so d_B =max(0.01, (7.0 − 7.1)/1.5) = 0.01 (ε
ϐloor). The second‑largest is the H dimension threshold: Cal A τ_H = 130% sits 29.8 pp above current Canada
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H = 100.2%; Cal B τ_H = 104.74% is only 4.5 pp above. The two ϐlooring effects producemirror‑image sensi‑
tivities: Cal A ϐloors B, Cal B ϐloors H, and the same policy actions amplify in opposite directions depending on
which dimension is at‑ϐloor.
The most consequential per‑policy shift under Cal A is the BoC easing line sign‑ϐlip: Cal B PPLE = −0.645
(Fuse+)→Cal A PPLE=+0.978 (Defuser+). Under Cal B, BoC easing reads as Fuse+ viaH‑channel ampliϐication
(d_H near ε ϐloor, easing raises H from 100.2 → 104.7, d_H 0.186 → 0.001 ϐloored, PLDI collapses geometrically).
Under Cal A, BoC easing reads as Defuser+ via B‑channel ampliϐication (d_B near ε ϐloor, easing reduces B from
7.1 → 6.09, d_B 0.01 → 0.61, PLDI lifts geometrically). The two readings are both mechanically correct under
their respective calibrations and reϐlect the same underlying transmission (easing lowers B and raises H simul‑
taneously); the calibration difference selects which channel’s ϐlooring is the binding dimension. Two further
sign / class shifts: NATO 2%defencemagnitude ampliϐication Neutral → Defuser+ (+0.004→ +0.268 under Cal
A’s B‑channel ampliϐication); three H‑channel Defuser+ entries (OSFI, HAF, BC SVT)magnitude attenuation
Defuser+ → Defuser/Neutral (Cal A’s d_H = 1.490 vs Cal B’s 0.186 dissipates the geometric‑mean ampliϐication
effect).
Aggregate Canada PPLE under Cal A vs Cal B:

Method Cal A central Cal A 90% CI Cal B central Cal B 90% CI
Cost‑share‑
weighted

+0.307 [+0.244, +0.372] −0.085 [−0.106, +0.005]

Equal‑weighted +0.099 [+0.078, +0.129] +0.149 [+0.086, +0.217]
Asset‑weighted by
impact

+0.565 [+0.472, +0.661] +0.688 [+0.304, +1.184]

The aggregate cost‑share‑weighted PPLE ϐlips sign from −0.085 (Cal B, Fuse direction) to +0.307 (Cal A,
Defuser+ direction) — a 0.39 absolute swing. This is the single largest calibration‑sensitivity ϐinding in the
Canada §8’.3 result and is driven primarily by the BoC easing line’s sign ϐlip described above.
Interpretation of the Cal A vs Cal B sensitivity: The sign‑ϐlip aggregate ϐinding does NOT imply the §8’.3 head‑
line (Cal B −0.085) iswrong; it implies the framework’s deployment on Canada is calibration‑dependent at the
current 2025‑Q3 reading. Two structural facts drive the calibration sensitivity: (i) Canada’s unemployment
rate (7.1%) sits 0.1 pp above the AUS‑tuned τ_B = 7.0%, causing Cal A d_B to ϐloor at ε; (ii) Canada’s household‑
debt‑to‑GDP (100.2%) sits 4.5 pp below Cal B τ_H = 104.74%, causing Cal B d_H to be near‑ϐloor.
Robustness of the qualitative §8’.3 conclusion: across both calibrations, the substantive ϐinding stands that
Canada’s policy portfolio is less synchronizing than Australia’s at the same point in the cycle. Under Cal A,
Canada reads as outright Defuser+ direction (+0.307); under Cal B, Canada reads as marginally Fuse direction
(−0.085); AUSunder either calibration reads as Fusedirectionwithmagnitude−0.21 to−0.35. The cross‑country
comparative conclusion is calibration‑invariant: Canada’s aggregate is at least 0.13 less negative than AUS’s
across both calibrations.
Sigma sensitivity within ±50% range (parallel to §13.4): Cal A baseline aggregate cost‑share PPLE = +0.307;
under higher σ (×1.5) the aggregate moves to ~+0.21 to +0.25 (still Defuser+); under lower σ (×0.67) the aggre‑
gate moves to ~+0.35 to +0.40 (still Defuser+). Sigma sensitivity does not ϐlip the sign under Cal A; the +0.30
aggregate is robust to ±50% σ scaling on the Defuser+ direction. (Illustrative ranges only; full sensitivity grid
is reserved for v0.11+ deliverable.) The sigma sensitivity does not narrow the Cal A vs Cal B divergence above,
indicating that the calibration sensitivity is driven by threshold choice, not sigma choice.

1.15.8.5 13.8.5 Alternative scenarios and external shocks for Canada 2026‑2030 Favorable scenar‑
ios: (1) China commodity demand recovery (lifts Canadian oil + softwood + potash + uranium prices, federal
corporate‑tax + provincial royalty receipts); (2) US Federal Reserve aggressive rate cuts (gives BoC room to
renormalize without compounding CADweakness); (3) AI productivity surge (raises potential output; Canada’s
AI ecosystem CIFAR/Vector/MILA/Element legacy + National AI Strategy 2017 positions Canada to capture up‑
side); (4) trade‑war de‑escalation (US‑Canada bilateral).
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Unfavorable scenarios: (1) China property/credit crisis collapses iron ore + softwood demand; (2) Middle
East conϐlict escalation + oil price spike (A direct passthrough + B demand destruction; Canadian oil exports
would beneϐit C‑channel but A‑channel transmission would dominate short‑term); (3) US recession spillover
— US is Canada’s largest trading partner (74% of merchandise exports per StatCan IEA 2024); a US recession
of 2008‑09 magnitude would pull Canadian B materially higher (current 7.1 + ampliϐication = potentially 9‑
10 within 12 months) and pressure C through automatic stabilizers — the largest single external risk to the
Canadian conϐiguration; (4) Trade‑war escalation (Trump 2.0 expansion of tariffs on Canadian goods, beyond
already‑announced 25% steel/aluminum); (5) CAD collapse 25%+ from current levels.
Asymmetric risk structure: The favorable scenarios share a feature that the unfavorable do not — each re‑
quires multiple favorable conditions to simultaneously hold to materially shift PLDI toward safe‑zone classiϐi‑
cation. The unfavorable scenarios share a feature the favorable do not — any one of them, materializing alone,
can accelerate dual breach by depleting one or more dimensional buffers. Joint probability heuristic: under
approximate independence and rough subjective probabilities (US recession 2026‑2028: 25%; China property
severe: 20%; Middle East oil shock: 15%; Trade‑war escalation severe: 30%; CAD shock magnitude: 10%), the
probability that at least one materializes within 24 months is heuristically 1 − (0.75)(0.80)(0.85)(0.70)(0.90)
≈ 68%. Even under more conservative probability assignments (halving each above), the joint probability of
at‑least‑one materialization within 24 months exceeds 40%. These probabilities are heuristic / subjective
estimates, not derived from formal probability models; the qualitative point (asymmetric risk structure
across multiple tail scenarios) is robust to speciϐic probability values, but the 68% number is illustrative rather
than published‑paper‑grade.

1.15.8.6 13.8.6 Sample size and external validity (Canada speciϐically) Canada is 1 of 33 countries
in the D3b cross‑country quarterly panel; within the panel Canada contributes approximately 180 country‑
quarters of data, ~5.6% of the panel total. Canada is also 1 of 18 JST countries in the long‑history annual panel
(1948‑2020), contributing 73 country‑years. Canada is 5 of 15 ex‑post cases in the §11 framework‑validation
track record (10 reference cases + 5 Canada extension).
External validity assessment for Canada speciϐically: (i) Currency‑sovereign + ϐloating‑FX: Canada shares
this institutional structure withmost of the §11 reference sample. (ii) Commodity‑exporter: Canada shares this
structural feature with Australia, Norway, and to a lesser extent Russia and Brazil. (iii) Federal‑ϐiscal‑system:
Canada’s 13‑province ϐiscal‑federalism architecture is structurally similar to US 50‑state and Australia 6‑state
systems. (iv) 5‑year ϐixed‑rate mortgage market — unique to Canada within the §11 reference sample (AUS
uses variable‑rate; US uses 30‑year‑ϐixed; UK uses 5‑year‑variable); creates a transmission delay between BoC
policymoves and household debt‑service realization that does not appear in any other §11 case. (v)OSFI direct
macroprudential authority—unique to Canadawithin the §11 reference sample (AUS uses APRA; US uses Fed
+ OCC + FDIC; UK uses BoE PRA); the OSFI Q4‑2024MQR removal + Q1‑2025 LTI portfolio cap is a contemporary
intervention type not represented elsewhere in the case sample.
The two Canada‑unique institutional features (5‑year ϐixed mortgage market; OSFI direct macroprudential au‑
thority) are explicit external‑validity threats to the framework’s Canadian deployment. Both are addressed in
§6.2 elasticity caveats and in the §13.8.4 calibration sensitivity above; neither invalidates the framework’s de‑
ployment but each implies the Canadian PPLE estimates carry larger uncertainty than the comparable AUS esti‑
mates.
Canadian over‑representation in the 15‑case ex‑post sample (5/15 = 33%, vs Canada’s ~3‑5% share of
global advanced‑economy GDP) is by Phase 3 design (the Canada extension is the framework’s ϐirst cross‑
country deployment beyond AUS‑original‑context); subsequent extensions to other countries should rebalance
the per‑country case distribution. The Canadian over‑representation does not bias the framework’s directional
ϐindings because the 14/15 hit rate is computed against the same ≥2/3 criterion that applied to the original 10
cases.

1.15.8.7 13.8.7 What would falsify the framework’s Canada‑speciϐic application? The Canada §8’.3
PPLEassessmentwouldbesubstantiallyweakenedby: ‑ PLDI rising above1.50 (safe zone)within24months
(2026‑Q1 to 2027‑Q4) despite continued PPLE‑negative aggregate policy portfolio ‑ Synchronized crisis (Cana‑
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dian Big Five bank stress event, OSFI emergency capital action, federal stimulus exceeding 2008‑09 magnitude)
materializing within 5 years (would actually be partial vindication if accompanied by dimensional convergence
per Dual Breach Principle) ‑ Implementation of §10’ Sequenced Demolition counterfactual producing demon‑
strably better outcomes (would vindicate the framework’s policy‑evaluation contribution rather than falsify the
diagnostic) ‑ A formal panel data analysis on the full Laeven‑Valencia 151‑case sample ϐinding the convergence
pattern statistically indistinguishable from random for the Canadian case sub‑set
The Dual Breach Principle’s Canada deployment would be substantially weakened by: ‑ Canada ex‑
hibiting H‑channel stress at d_H near‑ϐloor without subsequent transmission to other dimensions within 36
months (testable starting 2025‑Q3; currently at 8‑quarter mark) ‑ Canada exhibiting framework‑predicted
Fuse‑direction policies failing to produce realized PLDI degradation within 24‑36 months of implementation ‑
Identiϐication of speciϐic Canadian structural features (5‑year ϐixed mortgage, OSFI authority, ϐiscal‑federalism,
CAD currency‑channel) that genuinely insulate against the dual‑breach pattern observed in other currency‑
sovereign cases
The Cal A vs Cal B sensitivity result (§13.8.4) would be substantially weakened by: ‑ A demonstration that
Canada’s contemporary unemployment 7.1% is statistically equivalent to (rather than 0.1 pp above) the AUS‑
tuned τ_B = 7.0% (would invalidate the d_B ϐloor effect that drives the BoC easing sign ϐlip) ‑ A demonstration
that Canada’s contemporary household‑debt 100.2% is statistically equivalent to (rather than 4.5 pp below) Cal
B τ_H = 104.74% (would invalidate the d_H near‑ϐloor effect) ‑ A ϐinding that the framework’s geometric‑mean
PLDI is structurally inappropriate at near‑ϐloor dimensional readings (would invalidate the entire calibration
sensitivity narrative)
We invite rigorous attempts to falsify any of these claims.

1.16 14. Conclusion
1.16.1 14.1 Summary of contributions

This paper has made ϐive contributions, organised around the four‑capability framework and its three‑test em‑
pirical validation on the D3b cross‑country panel.
First, we introduced the Phase Locking Distance Index (PLDI), a quantitative measure of how close an economy
is to four‑dimensional simultaneous crisis, with the Talon Threshold (PLDI𝑝𝑟 = 0.80 on the pseudo‑real‑time
scale; §3.2) as the deployment operating point.
Second, we provided a four‑capability frameworkwith three‑test empirical validation on the D3b 33‑country
panel (1980‑2025 quarterly, merged with Laeven‑Valencia 1970‑2017 and JST 1870‑2020 long‑history). The
framework integrates: (a) multi‑dimensional A/B/C/H risk monitoring; (b) ex‑ante PPLE policy evalua‑
tion (contribution 4); (c) Sequenced Demolition counterfactual analysis (§10); (d) dual‑frequency mech‑
anism robustness — Cox PH on dual‑breach episodes reproduces a signiϐicantly negative coefϐicient on PLDI‑
at‑formation at both quarterly (z = −3.32) and annual JST (z = −4.09) frequencies (§8.7, §13.3 b). Empirical
case: (i) joint out‑of‑sample validation with the Borio‑Drehmann credit gap (the EWS literature’s dominant
incumbent indicator) — multi‑predictor logit establishes PLDI_pr and the credit gap as complementary, non‑
redundant signals: PLDI_pr’s coefϐicient magnitude increases (M1 −3.28 → M3 −5.35, p = 0.002) when control‑
ling for credit gap, with LR tests p < 0.0001 in both directions (complementary‑signal pattern, not substitution);
the joint speciϐication achieves rolling‑window OOS AUC = 0.84–0.85 (1,888 OOS predictions, 62 crisis events),
with the +0.05–0.07 AUC margin above credit gap alone capturing the three credit‑gap‑blind dimensions (A
inϐlation / B unemployment / C ϐiscal) that the H‑channel credit aggregate is structurally insensitive to (both
p < 0.0001, country‑clustered SE; §8.7, §13.5, §A.4, §14.5); (ii) direct causal identiϐication — Jordà LP on a
17‑country panel of high‑frequency monetary policy shocks (5‑source harmonisation) yields peak t = −2.7 to
−3.7 on PLDI𝑝𝑟 at the credit‑cycle horizon h = 13 quarters (§6.5a, §A.6.7); (iii) cross‑frequency mechanism
validation as in capability (d) above. Credit gap remains the single‑best indicator for the H dimension; the
framework is a complement, not a replacement— its contribution is the integratedA/B/C/Hmonitoring
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+ PPLE policy evaluation + Sequenced Demolition counterfactual analysis system that single‑indicator
approaches cannot deliver.

Third, we proposed the Dual Breach Principle as the framework’s central empirical regularity conditional on the
dual breach episode subsequently escalating to a systemic banking crisis: across 30 crisis episodes (1929‑2024,
20+ countries) the remaining twodimensions converge towarning zonewithin6‑24months in28/30=93.3%of
cases (95%Clopper‑PearsonCI [78.0%, 99.2%]). Theunconditional convergence rate on the33‑countrypseudo‑
real‑time quarterly panel without crisis‑occurrence conditioning is 21.4% (95% CI [10.3%, 36.8%], §13.3 b),
with the 4× gap quantifying the selection‑on‑dependent‑variable premium of the 30‑case sample.
Fourth, we introduced the Policy Phase Locking Elasticity (PPLE) as a tool to evaluate whether individual poli‑
cies push the system toward or away from dual breach, with a 15‑case ex‑post validation track record achiev‑
ing 14/15 = 93.3% ≥ 2/3‑criterion hit rate — comprising 10/10 = 100% on the §11.4‑§11.12 reference 10‑
case set (29/30 = 96.7% total points; 7 countries) and 4/5 = 80% on the §11.13a‑e Canada Phase 3 extension,
with the single §11.13b BoC 2017‑18 exception (0.5/3, conditional‑applicability disclosure) partially softened
by synthetic‑control robustness in §11.16. The combined set spans 1979‑2025 across 8 advanced and emerging
economies (US, UK, Australia, Greece, Japan, Turkey, Argentina, Canada), 4 policy types, and 4 political coali‑
tions, with political‑symmetry veriϐied (including N=3 within‑coalition cross‑validation for “Left‑wing ϐiscal
expansion” viaRudd2009+BidenARP2021+TrudeauCOVID2020) and counterfactual‑methodology robust
(Abadie‑Diamond‑Hainmueller 2010 synthetic control reaches sign‑agreementwith the peer‑mean comparison
verdict in 13 of 15 cases; §11.16). For Australia 2026 we apply PPLE to 14 policies with bootstrap conϐidence
intervals.
Fifth, we identiϐied the phenomenon of Policy‑Induced Phase Locking and argued that Australia’s 2024‑2026
policy portfolio displays this pattern, with aggregate PPLE ≈ −0.35 (90% CI [−0.55, −0.15]).
Second‑country detailed application — Canada 2026 (v0.10.15 extension). Beyond the foundational Aus‑
tralian application detailed in §7‑§10, the framework is applied to Canada 2026 (§2.4b literature, §7’.2 Cal
B Canada‑canonical thresholds, §7’.4 14‑policy portfolio inventory, §8’.3 aggregate PPLE assessment, §10’ Se‑
quenced Demolition counterfactual, §13.8 robustness exercises). Canada’s aggregate policy portfolio is ma‑
terially less synchronizing than Australia’s at the same point in the cycle (cost‑share PPLE −0.085 vs AUS
−0.21; calibration‑invariant cross‑country gap of at least 0.13 across both Cal A and Cal B). The single‑dimension
stressed conϐiguration under Cal B (H‑channel near ε ϐloor at d_H = 0.186) replicates the framework’s diag‑
nostic ϐindings under Canada‑canonical calibration; the §10’ counterfactual demonstrates that the framework’s
policy‑evaluation contribution extends cleanly to a second country, with Canada’s structural advantages (OSFI
direct macroprudential authority, federal‑provincial revenue‑sharing on housing taxation, exceptionally large
C‑channel buffer) producing a sequencing pathway with lower short‑term trough (PLDI 0.91 counterfactual vs
0.86 baseline) and stronger 2030 recovery (PLDI 1.85 vs 0.54).

1.16.2 14.2 Australia’s current state

Australia’s PLDI in 2026‑Q1 is 1.16 (warning zone, baseline calibration) or 0.76 (Talon Threshold breached, P95
calibration). The two dimensions closest to breach are inϐlation (A) and household debt (H). Federal ϐiscal (C)
and unemployment (B) provide buffer at distances of 1.73 and 1.80.

1.16.3 14.2b Canada’s current state

Canada’s PLDI in 2025‑Q3 is 0.988 under Cal B (Canada‑canonical, Warning zone) or 1.245 under PLDI_pr
(deployment‑realistic scale, Warning zone) or 0.454 under Cal A (theoretical AUS‑tuned, Crisis zone driven
by d_B ϐloor at unemp 7.1%). The single dimension closest to breach under Cal B is household debt (H, d_H
= 0.186 near ε ϐloor at 100.2% of GDP, with Canada‑speciϐic τ_H = 104.74% P95 the binding threshold); inϐla‑
tion (A, d_A = 1.034), unemployment (B, d_B = 2.063 under Cal B), and federal ϐiscal (C, d_C = 2.395 under Cal
B) provide substantial buffer. Aggregate Canada policy portfolio PPLE = −0.085 cost‑share‑weighted (90%
CI [−0.106, +0.005]) — materially less negative than Australia’s. Under baseline elasticities, simple linear pro‑
jection from 2025‑Q3 anchor of 0.988 with PPLE −0.085 reaches the Talon Threshold (0.80) at approximately
2030‑Q3 (~21 quarters); dynamic‑assumption‑adjusted projection (Table 10’.1) shows breach by 2027‑Q4 (~9
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quarters), bracketing a plausible 9‑21 quarter window under unchanged policy. The §10’ counterfactual pro‑
duces PLDI 1.85 by 2030‑Q4 (approaching Safe zone) vs baseline 0.54 (Crisis zone breached).

1.16.4 14.3 Policy implications

For the Reserve Bank of Australia: The current cash rate of 4.35% is substantially below the level Taylor Rule
analysis suggests for the current inϐlation environment.
For the federal Treasury: Cross‑subsidy policies enacted to address single‑dimension stress are systematically
synchronizing rather than de‑synchronizing the macroeconomy.
For APRA: Increased capital requirements provide important buffer for absorbing potential H breach.
For the Productivity Commission: The 47‑recommendation productivity reform agenda has the highest De‑
fuser+ classiϐication.
For political opposition: The PPLE framework provides quantitative vocabulary for critique.

1.16.5 14.3b Policy implications for Canadian institutions

For the Bank of Canada: The current 2.75%policy rate at the end of the 2024‑25 easing cycle is below the level
a Taylor Rule benchmark would suggest given Canada’s 2.4% CPI and persistent shelter inϐlation. Per §10’.4,
pausing the easing cycle at 3.50%and resuming rate normalization from2026‑Q2 toward a 4.00‑4.25% terminal
rate by 2027‑Q4 would convert the single largest Fuse+ contribution (−0.645 central PPLE) to approximately
−0.20, contributing +0.32 cost‑share‑weighted PPLE improvement.
For Department of Finance Canada and the Parliamentary Budget Ofϐicer: Fiscal consolidation per the
§10’ Sequenced Demolition counterfactual — restoration of the consumer carbon tax (phased schedule with
low‑income rebate), re‑implementation of the 50→67% capital gains inclusion hike, and delay of the NATO 2%
defence acceleration from Mar‑2026 to the original 2032 trajectory — would restore approximately 1.2% GDP
of C‑channel buffer over 2026‑2030.
For OSFI: Maintain the Q1‑2025 LTI portfolio cap and consider tightening to a hard 10% cap by 2026‑Q4 plus
extension to switches and reϐinances; reinstate the Minimum Qualifying Rate for uninsured mortgages at the
higher of contract rate + 200bp or 5.25%, reversing the Nov‑2024 MQR removal that was the net‑ambiguous
element of the original OSFI policy.
ForCMHC: Expand theHousingAccelerator Fund to $10bnover 2026‑2030 andparallel Public Lands forHomes
expansion to $5 bn; federal direct‑build target of 50,000 units/yr through CMHC commercial ϐinancing. Supply
effects materialize at 24‑36 month lag.
For provincial governments: Federal‑provincial housing council established by 2026‑Q4 to coordinate
minimum‑standards regime on foreign‑buyer transfer tax (20% federal‑mandated minimum across CMAs with
foreign‑buyer share >5%) and annual vacancy tax (5% federal‑mandated minimum across CMAs with vacancy
rate <1.5%); $2 bn/yr matching funds for provinces implementing standards.
Talon Threshold breach timeline for Canada: Linear projection under current portfolio (PPLE −0.085
cost‑share) suggests Talon Threshold reached by 2030‑Q3 (~21 quarters from 2025‑Q3); dynamic‑assumption‑
adjusted projection (Table 10’.1) suggests 2027‑Q4 (~9 quarters). Counterfactual Sequenced Demolition (§10’)
produces 2030‑Q4 PLDI of 1.85 (approaching Safe zone), a 1.30 PLDI‑unit improvement on the endpoint
differential vs baseline 0.54.

1.16.6 14.4 Limitations

The most important limitations (the framework’s three‑test empirical case in §14.1 second contribution is the
primary defence against the ϐirst three of these): ‑ The 30‑case sample, while substantially larger than the orig‑
inal 12, remains small relative to formal econometric standards (defended on conditional‑vs‑unconditional dis‑
closure in §13.3 b and the joint OOS AUC 0.85 / 17‑country panel LP IRF cross‑country validation in §14.5) ‑
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Threshold and parameter calibrations involve judgment ‑ PPLE estimates depend on response function elastici‑
ties subject to substantial uncertainty (reϐlected in the bootstrap intervals reported throughout) ‑ Identiϐication
of the dual breach mechanism is incomplete ‑ Australia’s structural buffers complicate direct comparison to
historical analogues ‑ The aggregate PPLE central estimate is a counterfactual, not a forecast

1.16.7 14.5 Future research

1. Long‑history Credit Gap data construction (reframed from the original “Larger panel data analysis” af‑
ter the long‑history JST investigation below): The cross‑country panel test of the joint multi‑predictor
speciϐication has been executed on three increasingly broad samples (8‑country initial implementation,
33‑country modern quarterly, and 18‑country JST annual long‑history), with the Cross‑frequency robust‑
ness exercise (§8.7) conϐirming that joint M3 AUC ≈ 0.80 survives aggregation of the modern quarterly
panel to annual frequency when BIS Credit Gap is retained as the complementary predictor. The remain‑
ing open challenge is long‑history pre‑1980 validation, which is currently constrained by the absence
of a high‑quality long‑history credit‑gap series equivalent in construction to the BIS Credit‑to‑GDP gap
(Drehmann, Borio, Tsatsaronis 2011): BIS Credit Statistics begin in 1977 for most advanced economies,
and JST household‑debt series subjected to a Ravn‑Uhlig (2002) annual Hodrick‑Prescott ϐilter (λ = 6.25)
produce a credit‑gap approximation that loses approximately 0.30 LOCO AUC versus BIS Credit Gap in the
joint speciϐication (§8.7 and long‑history JST implementation paragraph below). Closing this gap requires
either (a) extension of BIS‑quality credit‑to‑GDP series backward into the JST coverage period through
archival data work, or (b) development of a methodologically equivalent long‑history credit‑gap construc‑
tion validated against the modern overlap. Item 1 is therefore reclassiϐied from “larger panel test” (which
has substantially been executed via §14.5 implementation status and subsequent expansions) to “long‑
history credit‑gap data infrastructure” as the binding constraint for genuine 150‑year multi‑predictor val‑
idation

2. DSGE incorporation: Integrate PLDI and PPLE concepts into structural models
3. High‑frequency monitoring: Develop monthly or weekly PLDI estimates
4. Cross‑country application (priority research direction): The framework is designed for direct extension

across advanced economies. Canada has been substantially executed in v0.10.15 (§2.4b literature,
§7’.2 Cal B calibration, §7’.4 14‑policy portfolio inventory, §8’.3 PPLE assessment, §10’ Sequenced Demoli‑
tion counterfactual, §13.8 robustness exercises) as a second‑country detailed application demonstrating
cross‑country framework generalizability. The remaining candidate applications, each of which faces a
distinguishable conϐiguration of dimensional risk:

• Canada (executed v0.10.15): §7’‑§13.8 deployment under Cal A theoretical + Cal B Canada‑
canonical thresholds; aggregate cost‑share PPLE = −0.085 (vs AUS −0.21); structurally less
synchronizing than Australia at the same point in the cycle (calibration‑invariant 0.13‑0.52 gap)

• NewZealand: high household debt (~95%of GDP), small open economywith concentrated banking
sector (similarBig Four structure toAustralia), explicit RBNZ inϐlationmandate, recentmacropruden‑
tial history

• United Kingdom: post‑2016 ϐiscal trajectory + post‑2022 inϐlation episode + elevated household
debt; conϐiguration distinct from Australia (higher C, similar H, post‑Brexit external sector complica‑
tions)

• Korea: very high household debt (~105% of GDP, elevated by international standards), export‑
driven economy, distinct from Australia in ϐiscal structure (lower C) but exposed to deϐlation risk
through the corrected two‑sided A dimension (§3.1)

• Sweden, Norway, Denmark: Nordic economies with high household debt, sovereign wealth buffers
(especially Norway), inϐlation‑targeting regimes, intermediate ϐiscal positions

• Japan: the canonical near‑miss case (§9.2). Deϐlation‑side A breach has been near‑binding for three
decades; H is moderate; C is extremely elevated by international standards; B is low. Application
would test whether the framework correctly diagnoses Japan’s “stagnation without dual breach” out‑
come
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• United States: largest economy with global reserve currency status modifying C constraint substan‑
tially. Application would require explicit modeling of reserve‑currency externality. A useful stress
test of the framework’s external validity

Each country application requires only (i) country‑speciϐic threshold calibration (§5.3, typically the 95th
and 5th historical percentiles for upper and lower thresholds), (ii) country‑speciϐic sigma normalization
(§4.3), and (iii) policy elasticity estimates from country‑speciϐic empirical literature. The conceptual
framework, the Dual Breach Principle, and the PPLE classiϐication structure transfer withoutmodiϐication

5. Policy elasticity reϐinement: More precise estimation of PPLE throughquasi‑experimental identiϐication
6. Asset price integration: Examine whether including equity, real estate, or credit spread variables im‑

proves PLDI’s diagnostic value
7. Network effects: Apply network analysis to map the speciϐic transmission mechanisms
8. Dual‑time‑scale H modeling: Decompose the H dimension into stock (debt/GDP, current measure)

and ϐlow (DSR, debt service ratio) components. Monetary tightening produces opposite‑direction
effects through these channels — long‑term H_stock improvement via deleveraging vs short‑term DSR
deterioration via rising variable‑rate payments. This decomposition would reϐine PPLE estimates for
monetary policy and clarify the political‑economy mechanisms documented in §12. DSR data availability
is currently restricted to ~1999 onward in the BIS database, which limits its application in the 30‑case
historical sample but supports forward‑looking analysis

9. Index horse race against alternative aggregate stress indices (Tier 1 robustness): Comparative ROC
/ AUC evaluation of PLDI against the ECB Composite Indicator of Systemic Stress (CISS), the BIS Financial
Cycle Indicator (FCI) of Borio (2014, 2018), the Cleveland Federal Reserve Financial Stress Index, and
the OFR Financial Stress Index, all computed on the same full‑panel sample identiϐied in item 1. The
four‑dimensional construction of PLDI (which integrates real‑economy variables A and B alongside the
ϐinancial‑sector variables H and C) should produce earlier lead time than two‑dimensional indices re‑
stricted to credit and asset prices; this is a directly testable prediction. This robustness check is identiϐied
by the deep engagement with Borio (2014, 2018) in §2.5.4 as the most informative head‑to‑head test of
PLDI’s incremental empirical content

Implementation status (2026‑05): A preliminary execution of item 1 (full‑panel test) on the Jordà‑Schularick‑
Taylor R6macrohistory database (18 advanced economies × 1870‑2020 annual) plus the BIS Total Credit Statis‑
tics modern panel (43 countries × 1980‑2025 quarterly), merged with Laeven‑Valencia 1970‑2017 banking
crisis dating, yields the out‑of‑sample validation reported in §A.4 and §13.3 (c): PLDI_pr AUC = 0.64, lift ra‑
tio 21.5× at the 0.80 threshold. Execution of item 9 (horse race) was initially done on a 10‑country subset
(USA, GBR, DEU, FRA, JPN, GRC, IRL, ESP, ITA, KOR) in the initial 8‑country implementation and subsequently
expanded to the full 43‑country BIS Credit‑to‑GDP gap panel in subsequent panel expansion (33 countries with
both PLDI_pr and Credit Gap available on the commonmerged sample after pseudo‑real‑time normalisation con‑
straints). The BIS Credit‑to‑GDP gap (Drehmann, Borio, and Tsatsaronis 2011; Borio 2014, 2018), Drehmann‑
style HP‑ϐilter detrended, achieves AUC = 0.7812 on the forward‑24‑month banking crisis prediction task on
the 33‑country common merged sample (n = 2,148 country‑quarters, 73 crisis events), exceeding PLDI_pr’s
univariate AUC of 0.7271 on the same sample. Because univariate AUC comparison cannot distinguish substi‑
tution from complementarity, we estimate a joint country‑clustered logit on the 2,148 common non‑missing
country‑quarters. The joint model crisis ~ PLDI_pr + Credit_Gap yields AUC = 0.853, substantially above
either single‑predictor speciϐication on the identical sample. Both predictors remain individually highly sig‑
niϐicant under country‑clustered robust standard errors: PLDI_pr coefϐicient −5.32 (SE 1.16, z = −4.59, p <
0.0001) and Credit Gap coefϐicient +0.094 (SE 0.034, z = +2.77, p = 0.0056). The PLDI_pr coefϐicient magni‑
tude rises when Credit Gap is added (univariate −3.74 → joint −5.32), the empirical signature of complemen‑
tary rather than redundant information. Likelihood‑ratio tests conϐirm both directions of incremental contri‑
bution with very high signiϐicance: adding PLDI_pr to a Credit Gap baseline improves ϐit by χ²(1) = 48.48, p
< 0.0001; adding Credit Gap to a PLDI_pr baseline improves ϐit by χ²(1) = 90.61, p < 0.0001. The Tier 1 ro‑
bustness question—whether themulti‑dimensional construction carries incremental empirical content beyond
single‑dimensional credit measures—is therefore answered in the afϐirmative on the full 33‑country com‑
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mon panel, with the initial 8‑country subset result (joint AUC 0.795, both predictors signiϐicant) replicated
and strengthened in the 3.1×‑larger sample. The previously declared transparent caveats (ii) and (iii) from
the initial 8‑country implementation have been closed: (ii) is closed by the rolling‑window out‑of‑sample test
reported in the next paragraph; (iii) is closed by the 33‑country panel expansion from 8 to 33 countries with
stronger results. One residual caveat remains: (i) the 33‑country panel is restricted to themodern quarterly era
(1980‑2025)whereBISCredit Gapandpseudo‑real‑timePLDI series bothhave sufϐicient prior history; pre‑1980
LV/RR cases (e.g., interwar episodes) require annual rather than quarterly methodology and are not directly ad‑
dressed by this exercise. Replication code in d3b_data/scripts/42_multi_predictor_logit.py; tabulated
results in outputs/multi_predictor_logit_results.csv and outputs/multi_predictor_summary.md.
Rolling‑window out‑of‑sample test of the joint speciϐication (rolling‑window OOS, closing caveat ii): To
address caveat (ii) above, the joint model crisis ~ PLDI_pr + Credit_Gap is re‑estimated in a strict rolling‑
window pseudo‑real‑time exercise on the full 33‑country common merged panel. At each quarterly vintage t,
the logit is ϐit on strictly‑prior country‑quarters only (no information from t or later enters the ϐit), and the
ϐitted model predicts P(crisis next 24m) for the t‑vintage country‑quarters. Two window speciϐications are run
on identical samples: an expanding window (uses all data with t_index < t; minimum 40 prior quarters
required to ϐit) and a ϐixed 80‑quarter window (uses only themost‑recent 80 quarters of prior data; minimum
40 of those to ϐit). Three predictor speciϐications are estimated and predicted at each vintage: M1 (PLDI_pr
only), M2 (Credit_Gap only), and M3 (joint). Results across n = 1,888 OOS predictions (62 forward‑24‑month
crisis events) for both window modes on the 33‑country panel:

Mode M1 (PLDI_pr only) M2 (Credit Gap only) M3 (joint)

Expanding AUC = 0.7355, Brier =
0.032, lift = 4.85×

AUC = 0.7892, Brier =
0.030, lift = 6.77×

AUC = 0.8388, Brier =
0.029, lift = 8.39×

Fixed 80q AUC = 0.7344, Brier =
0.032, lift = 6.32×

AUC = 0.8085, Brier =
0.030, lift = 6.77×

AUC = 0.8508, Brier =
0.029, lift = 8.39×

The joint M3 speciϐication retains a substantial AUC advantage over either single‑predictor speciϐication
out of sample under both window modes on the full 33‑country panel (M3 − M2 = +0.050 expanding,
+0.042 ϐixed‑80; M3 − M1 = +0.103 expanding, +0.116 ϐixed‑80). The in‑sample‑to‑OOS degradation is
now very small (in‑sample joint AUC 0.853 → OOS 0.839–0.851, a 0.01–0.015 drop), well below the thresh‑
old one would expect under overϐitting on the larger panel. Expanding‑window and ϐixed‑80 OOS results
are close to each other (0.839 vs 0.851 for the joint), indicating that the joint‑speciϐication ϐinding is ap‑
proximately regime‑stable rather than driven by a speciϐic historical sub‑window. The lift ratio at the
top‑20% prediction‑quantile threshold is 8.4× for the joint speciϐication, materially exceeding either single‑
predictor speciϐication (4.85× and 6.77×) and approaching the order of magnitude of the §A.4 / §13.3(c)
Talon‑Threshold conditional lift (21.5×; the lift deϐinitions differ — the 21.5× is the unconditional ratio
P(crisis|PLDI<0.80)/P(crisis|PLDI≥0.80), whereas the 8.4× here is the top‑20% prediction‑quantile lift in
a multi‑predictor logit, which is more sample‑restricted by construction). The complementarity result of
the previous paragraph therefore generalises out‑of‑sample on the full 33‑country panel; both caveats (ii)
and (iii) declared in the the initial 8‑country implementation are now closed. The earlier 8‑country result
(subset replication: joint OOS AUC 0.77, lift 3.34–3.64×) is a within‑subset replication of the same pattern with
smaller‑sample dilution. Replication code in d3b_data/scripts/43_rolling_window_oos.py; tabulated
results in outputs/rolling_window_oos_results.csv and outputs/rolling_window_oos_summary.md.
Direct causal identiϐication via high‑frequencymonetary policy shocks (the direct LP analysis, address‑
ing caveat i directionally): The residual identiϐication challenge surviving the rolling‑window out‑of‑sample
and 33‑country expansions is caveat (i) — the concern that the observational PLDI–crisis‑risk association may
reϐlect reverse causality or omitted variables rather than a true causal mechanism. We address this with Jordà
(2005) local projections of pseudo‑real‑time PLDI on the Hambur and Haque (2023) RBA Research Discussion
Paper 2023‑04 high‑frequency Australianmonetary policy shock series, decomposed into Action, Path, and Pre‑
mia components via PCA on yield‑curve surprises (Kaminska, Mumtaz, and Sƽustek 2021). The pseudo‑real‑time
PLDI response to the Action shock exhibits a near‑zero impulse at horizons 0–10 followed by a delayed positive
response peaking at h = 12 (β = +0.027, HAC 95% CI [+0.019, +0.034]; n = 60 quarterly observations 2005‑Q1
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through 2019‑Q4). Three of the four PLDI dimensions (household debt, CPI distance, unemployment distance)
activate undermonetary shocks; the government‑debt dimension is statistically inert, consistentwith the frame‑
work’s monetary‑ϐiscal coupling premise. The pipeline reproduces the published Hambur‑Haque “Yes and No”
ϐinding (information‑effect contamination of Action shocks on real variables: Action shock yields a perverse
+0.084 coefϐicient on unemployment at h = 1 while Path shock yields the conventional −0.072) as external val‑
idation. The point estimate is directionally robust across three speciϐications: L = 2 lag‑order reduction gives
peak β = +0.022 (not over‑ϐitting); excluding the 2008‑Q1 through 2009‑Q4 GFC quarters strengthens to peak
β = +0.035 (not GFC outlier driven); moving‑block bootstrap (B = 2000, block length 4) gives 95% CI [−0.002,
+0.061] at the peak — approximately four times wider than the HAC interval and including zero, indicating sub‑
stantial small‑sample downward bias in the HAC standard errors. We therefore characterise the LP result as di‑
rectional evidence consistent with the credit‑cycle hypothesis—easy monetary policy contributes to PLDI
build‑up over a 2.5–3.5 year horizon, with timing aligned to the Schularick‑Taylor (2012) credit‑cycle stylised
fact and the Borio (2014, 2018) BIS ϐinancial‑cycle peak frequency — rather than a sharp causal claim. Com‑
binedwith the cross‑country evidence above (33‑country panel, joint AUC 0.853, lift 8.4× at top‑20% threshold)
and the indirect Taylor‑rule‑gap PPLE estimate in §6.5c (PPLE = −0.45), the LP results constitute complemen‑
tary directional support for the framework’s central claim that monetary easing is a quantitatively important
source of synchronisation risk. The framework’s previously declared caveat (i) is therefore answered in the
afϐirmative on directional grounds, with the residual statistical‑strength caveat (small Australia‑only sample
of 60 quarterly observations; MBB CIs cross zero at the disputed peak) transparently disclosed and identiϐied
as a future extension target (cross‑country high‑frequency shock series for Fed, BoE, ECB). Full estimation de‑
tails in §6.5b; full IRF tables in §A.6; replication code in d3b_data/scripts/50_aggregate_rba_shocks.py,
51_local_projections.py, and 52_lp_robustness.py; tabulated results in outputs/lp_irf_results.csv
and outputs/lp_robust_irf.csv.
Cross‑country panel LP extension (the cross‑country LP panel extension, closing the statistical‑
strength caveat from §6.5b): The single‑country n = 60 caveat surviving the the direct LP analysis result
is addressed in by extending the LP exercise to a 17‑country panel of advanced economies (USA, GBR, AUS,
CAN, JPN, plus 12 euro‑area members under the single‑ECB‑shock structure), harmonising ϐive published
high‑frequency shock series under the standard Gürkaynak‑Sack‑Swanson convention. The headline panel
coefϐicient on pseudo‑real‑time PLDI at the credit‑cycle horizon ℎ = 13 is 𝛽 = −0.0029 (clustered SE 0.0009,
𝑡 = −3.08, 𝑝 = 0.0020, 𝑛 = 553 country‑quarters across 14 entities), with a secondary peak at ℎ = 4
(𝛽 = −0.0023, 𝑡 = −3.70, 𝑝 = 0.0002, 𝑛 = 663). Under the GSS convention, a negative 𝛽 on a tightening
shock indicates that tightening lowers PLDI — that is, raises proximity to the crisis zone — conϐirming the
§6.5b AUS‑only ϐinding that monetary easing systematically increases PLDI buildup. The household‑debt
distance dimension is the most sustainedly signiϐicant individual channel, with |𝑡| > 2.5 across ℎ = 12–16.
The textbook macro outcomes (CPI, unemployment, household debt‑to‑GDP, government debt‑to‑GDP) all
carry conventional monetary‑transmission signs at conventional horizons under the same panel speciϐica‑
tion. The ϐive shock sources are: Jarocinski and Karadi (2020) for the US (Fed‑funds‑futures‑based with
sign‑restricted information‑effect decomposition); Braun, Miranda‑Agrippino, and Saha (2025) UKMPD for
the UK (Target/Path/QE three‑factor decomposition); Altavilla, Brugnolini, Gürkaynak, Motto, and Ragusa
(2019) EA‑MPD via Jarocinski‑Karadi methodology for the euro area (mechanically replicated across 12
EA member countries); Hambur and Haque (2023) for Australia (sign‑ϐlipped); and Bolhuis, Das, and Yao
(2024) IMF WP 24/224 for Canada and Japan (where country‑speciϐic richer series are not publicly available).
Full estimation details and the bridge to the AUS‑only §6.5b result in §6.5a; full panel IRF tables in §A.6.7;
replication code in d3b_data/scripts/53_build_hf_shock_panel.py, 54_expand_eur_and_merge.py, and
55_panel_lp_irf.py; tabulated results inoutputs/panel_lp_irf_results.csv andoutputs/panel_lp_irf_audit.md.
The previously‑declared statistical‑strength caveat associated with the §6.5b 𝑛 = 60 AUS‑only sample is
therefore substantially upgraded: the directional credit‑cycle‑hypothesis result is now identiϐied on an
𝑛 > 1,000‑country‑quarters cross‑country panel of 17 advanced economies with peak 𝑡‑statistics in the−2.7 to
−3.7 range under country‑clustered standard errors, materially stronger than the AUS‑only HAC inference that
the bootstrap‑corrected MBB intervals at 𝑛 = 60 left ambiguous at conventional signiϐicance levels. The result
is answered in the afϐirmative on directional grounds across 17 advanced economies, with the residual
sub‑caveats (mechanical EA‑country expansion; Bolhuis single‑factor methodology for CAN/JPN; JPN coverage
only from 2009‑Q4) transparently disclosed in §6.5a and §A.6.7.
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Cross‑validated test of the four‑dimensional basis (the ABCH dimensional cross‑validated test, closing
the ABCH dimensional‑choice attack vector): A second reality‑check series (scripts 60–61) extends the
§4.3a tests from aggregation and normalization alternatives to the more substantive question of dimen‑
sional choice itself. The exercise enumerates 31 non‑empty subsets of ϐive candidates (A = cpi_yoy, B =
unemp_rate, C = gov_debt_pct_gdp, H = hh_debt_pct_gdp, G = credit_gap) under both raw‑variable logit and
PLDI‑composite‑index frameworks on the 33‑country D3b panel (n = 4,053 country‑quarters, 222 crisis
events). Two opposing patterns emerge: under raw‑variable single‑index logit (and equivalently under
the PLDI‑variant single‑index test), PLDI(BCHG) outperforms PLDI(ABCH) by +0.047 LOCO AUC, indicating
that credit‑cycle‑augmented variants have stronger single‑index predictive power; under the operationally‑
relevant joint‑with‑raw‑credit_gap framework (the §14.5 the deployment criterion), PLDI(ABCH) reverses
to dominate — joint AUC 0.8526 versus 0.7341 for PLDI(BCHG), a margin of +0.1011 over the next‑best
variant, with complementarity Δ = +0.2171 (more than 2× any alternative). The reconciliation is that ABCH
is designed as a credit‑cycle complement (capturing the four non‑credit‑cycle stress dimensions in §3.3)
rather than a substitute; variants that include G inside the PLDI geometric mean gain single‑index predictive
power but lose joint complementarity with raw credit_gap because the credit‑cycle signal is duplicated
across both predictors. Under the §14.5 deployment operational criterion, the existing ABCH dimensional
basis is therefore empirically Pareto‑optimal, with the +0.10 joint‑AUC margin substantively closing the
dimensional‑choice attack vector that previously rested only on the §3.3 theoretical‑mechanism justiϐication.
The single‑index sub‑optimal disclosure is transparently documented in §4.3b Layer 2 for users deploying
PLDI as a standalone univariate indicator without external credit‑cycle augmentation. Full results in §4.3b;
replication code in d3b_data/scripts/60_dim_forward_selection.py and 61_pldi_variants_test.py;
tabulated results in outputs/dim_selection_results.csv and pldi_variants_results.csv; audit reports
in outputs/dim_selection_audit.md and pldi_variants_audit.md.
Country‑baseline heterogeneity disclosure (the country‑baseline heterogeneity disclosure + the
deployment‑validity correction): The the country‑baseline heterogeneity disclosure work formalises a
country‑baseline decomposition 𝑇𝑐 = 𝜌 ⋅ PLDI∗𝑐 on the PLDI level scale, with 𝜌 a framework‑wide ratio
estimated from 53 dual‑breach episodes in the D3b 33‑country panel (script 71/72) and PLDI∗𝑐 each country’s
stable‑year median PLDI. On the level scale (§3.1 Calibration A) used in the §8.1 narrative, 𝜌̂ = 0.8303
(cluster‑bootstrap 95% CI [0.5154, 0.9776], 1,000 country‑resampled replicates), yielding country‑speciϐic
level‑scale baselines spanning 0.41–1.79 across the 33‑country panel. For Australia, ෟPLDI∗AUS = 1.066 (1977‑
2025 stable years, n = 199) and 𝑇AUS = 0.885 with 95% CI [0.549, 1.042] — statistically indistinguishable
from the §3.2 deployment‑cutoff value 0.80 at the 5% level (the CI for 𝑇AUS contains 0.80), providing nu‑
merical coincidence that supports the §8.1 narrative without contradiction. The level‑scale country‑baseline
values produce three rough country groups: high‑baseline (𝑇𝑐 1.21–1.79; KOR, LUX, NOR, MEX, SAU, NZL),
Australia‑clustered (𝑇𝑐 0.83–0.97; AUT, NLD, CHE, DNK, CZE, IDN), and low‑baseline (𝑇𝑐 0.41–0.68; DEU,
CHL, SWE, FIN, JPN, POL, USA). The the deployment‑validity correction (§A.4 transparency disclosure,
scripts 73/74) shows that the level‑scale 𝑇𝑐 is not the deployment cutoff: head‑to‑head four‑spec comparison
on the D3b 31‑country panel (n = 3,120 cells, 107 crisis events) yields V0_pr (universal 0.80 on PLDI_pr
scale) 21.35× lift / AUC 0.6407 versus V1_pr (country‑speciϐic 𝑇𝑐,𝑝𝑟 on PLDI_pr) 1.33× lift, V0_lvl (universal
0.80 on PLDI level) 1.03× lift, and V4_lvl (country‑speciϐic 𝑇𝑐 on PLDI level) 0.80× lift / AUC 0.4437 —
anti‑predictive. The root cause for V4_lvl is that level‑scale PLDI∗𝑐 for structurally‑stressed countries (Spain,
Italy, Japan, Sweden) is calibrated below those countries’ actual crisis‑onset PLDI distributions. The “informal
threshold calibration” caveat is therefore closed via universal‑cutoff speciϐication on the pseudo‑real‑time
PLDI scale, not via country‑speciϐic level‑scale formalisation. The Talon Threshold of PLDI𝑝𝑟 = 0.80 (§3.2)
is functionally country‑speciϐic in deployment through the country‑speciϐic σ‑normalisation embedded in
PLDI_pr (§5.3); the level‑scale 𝑇𝑐 formula is retained in §5.3a as a narrative descriptor of cross‑country
baseline heterogeneity, not as a deployment cutoff. Full results in §5.3a and §A.4; replication code in
d3b_data/scripts/71_country_specific_threshold.py, 72_country_specific_threshold_level.py,
73_country_specific_deployment_validation.py, and 74_level_scale_deployment_validation.py;
tabulated results inoutputs/country_specific_threshold_level_table.csv; audit reports inoutputs/country_specific_threshold_level_audit.md,
country_specific_deployment_validation_audit.md, andlevel_scale_deployment_validation_audit.md.
Cox proportional‑hazards formalisation of dual‑breach selection‑bias audit (reϐining the panel‑audit bi‑
nary analysis, reϐining panel‑audit binary analysis): The panel‑audit selection‑bias analysis (§13.3 b) is
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extended via a Cox proportional‑hazards model on the 52 non‑censored dual‑breach episodes, with time‑to‑
warning‑zone‑convergence as primary endpoint (n_event = 12) and time‑to‑LV‑banking‑crisis as secondary ex‑
ploratory endpoint (n_event = 3). The Cox formalisation accounts for time‑to‑event semantics and stratiϐies
by the §5.3a country clusters (high‑baseline, Australia‑clustered, low‑baseline). The primary endpoint analy‑
sis (concordance index 0.86, LR test p = 0.002) conϐirms the 21.4% unconditional convergence rate (Cox‑
corrected sample 23.1%) and detects no statistically signiϐicant cluster heterogeneity (pairwise logrank p
≥ 0.79 across the four clusters; per‑cluster convergence rates clustered at 20–25%). The PLDI‑at‑dual‑breach‑
formation covariate has a statistically signiϐicant negative coefϐicient on convergence hazard (z = −3.32, p =
0.0009), consistent with the framework’s prediction that more‑severe dual breaches (lower PLDI at formation)
trigger faster convergence to warning zone, but the coefϐicient magnitude exhibits numerical artifacts from
the small effective sample and is reported with caution. The LV‑crisis secondary endpoint is exploratory only
(n_event = 3, all covariate p > 0.6, CIs spanning multiple orders of magnitude). The Cox formalisation there‑
fore reϐines but does not overturn the panel‑audit binary ϐinding: dual‑breach episodes converge to warning
zone within 24 months at a panel‑unconditional rate of approximately 23%, with no detectable country‑cluster
heterogeneity, consistent with the §13.3 (b) reϐined statement that the 93.3% original 30‑case rate is condi‑
tional on the dual breach episode escalating to a systemic banking crisis. Full results in §13.3 (b) Cox subsec‑
tion; replication code in d3b_data/scripts/80_cox_hazard_dual_breach.py; audit report and KM curves in
outputs/cox_hazard_audit.md and outputs/cox_hazard_km_curves.png.
Quantitative reality‑check series and reserved research directions: Subsequent to the the ODE bifurca‑
tion analysis and the direct LP analysis above, a six‑script quantitative reality‑check series (scripts 70–75)
systematically tested four alternative formulations of the PLDI aggregation or normalization structure on the
33‑country D3b panel: (a) Mahalanobis distance replacing the geometric mean (script 70 D2: AUC degraded
0.73 → 0.39); (b) σ rebalancing to equalise normalized distance scales (script 71: dimensional balance
improved but predictive metrics neutral or slightly degraded); (c) three‑dimensional reframing merging C
and H into a ϐinancial‑fragility composite (script 73: mathematically equivalent to four‑dimensional baseline
under the standard product construction, predictively degraded under the raw‑product construction); (d)
gap‑based C and H replacing stock levels (script 72: improved panel‑wide metrics but script 75 Phase B.5
showed the gap variant under pseudo‑real‑time calibration produces 0/2 conditional‑on‑crisis convergence
versus 75% baseline, with n = 2 too small for ϐirm conclusion but directionally negative for adoption). De‑
tailed ϐindings and integrated transparency disclosure of recognised residual weaknesses appear in §4.3a
(normalization‑scale imbalance and tested alternatives) and the §A.4 threshold‑sensitivity paragraph (Talon
Threshold 0.80 vs panel‑empirical optimum 1.45–1.81 and the underlying conservative‑bias‑by‑design ratio‑
nale). The four alternatives tested are reserved as subsequent research directions to be re‑examined under
richer methodological structures: (i) explicit asset‑price augmentation of the H dimension (responding to
Mian‑Suϐi and Borio FCI literature); (ii) country‑speciϐic structural identiϐication of the §3.3 mechanism
matrix K via cross‑country panel covariance (responding to the §A.7.6 caveat 4 on structurally identiϐied
rather than illustrative bifurcation analysis); (iii) nonlinear multi‑equilibrium extension of the §A.7 ABCH
coupled‑ODE model with explicit crisis attractor (responding to §A.7.6 caveat 3 and the empirical AUS PLDI
lower‑tail‑frequency gap documented in §A.7.8). Each of these directions requires substantial methodolog‑
ical investment (estimated 1–3 months per direction) and is not pursued in the current revision; they are
identiϐied here to make the future research agenda explicit. Replication code for the reality‑check series in
d3b_data/scripts/70_pldi_reality_check.py through 75_r1_pr_dual_breach.py; tabulated results in
outputs/reality_check_summary.csv, path_c_quality_summary.csv, r1_gap_quality_summary.csv,
three_dim_quality_summary.csv, and r1_pr_dual_breach_results.csv.
Long‑history JST extension and cross‑frequency robustness: A three‑phase long‑history JST investigation
extends the framework to the Jordà‑Schularick‑Taylor R6 macrohistory database (18 advanced economies ×
1870‑2020 annual) to testwhether themodern‑quarterly result generalises across 150 years ofmacroeconomic
regime variation. Phase 2 (acquisition) extracted the JST crisisJST banking‑crisis onset indicator (88 onsets
across 18 countries 1870‑2020) and combined it with the Laeven‑Valencia 1970‑2017 indicator into a union
series crisis_year_long (89 onsets, with the JST single addition pre‑1970 contributing 63 onsets that LV
cannot supply); concordance with LV in the 1970‑2017 overlap is 94% recall of LV onsets within ±2 years
of a JST onset, with the LV‑only‑no‑JST case (NOR 1991) attributable to within‑episode dating rather than
methodological divergence. Phase 3 ran four downstream analyses on the long‑annual panel under strategy γ
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(3‑dim PLDI dropping the unemployment B dimension where pre‑1948 data is sparse) and strategy α (4‑dim
PLDI restricted to the post‑1948 subset where all four dimensions are observed) and produced a clean cross‑
frequency adjudication: (i) the quarterly‑panel Cox proportional‑hazards ϐinding on dual‑breach episodes
generalises cross‑frequency (§13.3 (b) long‑history JST paragraph: 89 annual episodes under strategy α,
concordance index 0.798, PLDI‑at‑DBF coefϐicient z = −4.09, p = 4×10⁻⁵), establishing the §3.3 Dual Breach
mechanism as cross‑frequency‑robust on independent data; (ii) the cell‑level joint multi‑predictor speciϐication
does not generalise to the long‑annual JST sample under either strategy (γ M3 LOCO AUC = 0.534 and α M3
LOCO AUC = 0.496, vs quarterly baseline 0.85). Investigation of the joint‑speciϐication failure mode is reported
in §8.7: re‑running the same quarterly 33‑country panel under three annual aggregations (Q4‑only, Q‑mean,
Q‑min) retains M3 LOCO AUC = 0.80 ± 0.02 across all three modes provided that BIS Credit Gap is preserved
as the complementary predictor, attributing the 0.30 LOCO AUC gap between the cross‑frequency robustness
exercise (0.80) and the long‑history JST extension (0.50) to the credit‑gap data‑quality difference (BIS Credit
Gap vs Ravn‑Uhlig 2002HP‑ϐiltered annual approximation on JST household‑debt data) rather than to frequency
aggregation. The §14.5 item 1 future‑research direction is therefore reframed (above) from “larger panel test”
to “long‑history credit‑gap data infrastructure” as the binding constraint for genuine 150‑year multi‑predictor
validation; the Dual Breach mechanism is independently cross‑frequency‑validated and does not require this
data infrastructure to be re‑afϐirmed. Replication code in d3b_data/scripts/10_clean_jst.py (patched to
extract crisisJST), 20_merge_panel.py (patched to produce crisis_year_long), 31_pseudo_realtime.py
(patched to compute pldi_pr_3dim), 81_cox_hazard_annual.py, 82_dim_forward_selection_annual.py,
83_country_specific_threshold_level_annual.py, 84_multi_predictor_logit_annual.py, 85_strategy_alpha_robustness.py,
and 86_frequency_confound_experiment.py; audit reports in outputs/long_history_phase2_audit.md,
outputs/long_history_annual_results_audit.md, outputs/strategy_alpha_robustness_audit.md,
outputs/frequency_confound_experiment_audit.md, and outputs/crisis_source_concordance.md.

1.16.8 14.6 Closing observation

The framework presented in this paper is a ϐirst‑version analytical framework with substantial limitations ex‑
plicitly acknowledged throughout. Its empirical validation rests on a 30‑case sample. Its parameter calibrations
involve judgment that reasonable analysts may dispute. Its policy recommendations face implementation bar‑
riers documented in Section 12. Its projections are illustrative rather than forecasting.
Despite these limitations, the framework directs attention to a class of risks—coupled multi‑dimensional
macroeconomic stress and the policy choices that affect it—that conventional advanced‑economy policy
analysis appears to underweight, with Australia 2026 the ϐirst detailed application of a tool that the framework
is designed to generalize across comparable economies. Whether the speciϐic PLDI value of 1.16, or the speciϐic
Talon Threshold of 0.80, or the speciϐic aggregate PPLE of −0.35 prove to be useful quantitative anchors—for
Australia, or for the cross‑country applications proposed in §14.5—will depend on subsequent research and
accumulated empirical experience.
Whatwebelievemore conϐidently: ‑Multi‑dimensional coupling is a real feature ofmacroeconomic systemsnear
crisis, observed across the 30‑case historical sample spanning 20+ countries ‑ Synchronized stress is more difϐi‑
cult for policy tomanage than sequential stress, regardless of national institutional conϐiguration ‑ Cross‑subsidy
policies that suppress single‑dimension stress while consuming buffer for others raise rather than reduce sys‑
temic synchronization risk—a structural ϐinding not speciϐic to any single economy ‑ Australia in 2026 exhibits
coupling characteristics that warrant immediate policy attention, and the framework provides the conceptual
and quantitative tools to extend the same diagnostic to other advanced economies
The framework’s contribution is to make these claims operationally measurable. Subsequent research, more
rigorous empiricalwork, and accumulated policy experiencewill determinewhether the speciϐicmeasurements
proposed here are the right ones.
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Cloyne, J., Jordà, O., and Taylor, A. M. (2020). “Decomposing the Fiscal Multiplier.” NBER Working Paper
No. 26939.
Diamond, D. W., and Dybvig, P. H. (1983). “Bank Runs, Deposit Insurance, and Liquidity.” Journal of Political
Economy, 91(3): 401‑419.
Diebold, F. X., and Yilmaz, K. (2009). “Measuring Financial Asset Return and Volatility Spillovers, with Applica‑
tion to Global Equity Markets.” Economic Journal, 119(534): 158‑171.
Drehmann, M., Borio, C., and Tsatsaronis, K. (2011). “Anchoring Countercyclical Capital Buffers: The Role of
Credit Aggregates.” International Journal of Central Banking, 7(4): 189‑240.
Elias, S., Gillitzer, C., Kaplan, G., La Cava, G., and Prasad, N. (2025). “The Mortgage Debt Channel of Monetary
Policy when Mortgages are Liquid.” Reserve Bank of Australia Workshop Paper.
Eslake, S. (2026). “Interim Report to the ACT Legislative Assembly Select Committee on Fiscal Sustainability.”
Canberra: ACT Legislative Assembly.
Federal Reserve Bank of St. Louis (continuous). FRED Economic Data. St. Louis, MO: FRED.
Fisher, I. (1933). “The Debt‑Deϐlation Theory of Great Depressions.” Econometrica, 1(4): 337‑357.
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1.19 Appendix A · Mathematical Derivations
1.19.1 A.1 PLDI as geometric mean of normalized distances

For dimensions i � {B, C, H}with state values Xᵢ(t), thresholds τᵢ, and normalization volatilities σᵢ:
d�(t) = max(�, (�� − X�(t)) / ��) where � = 0.01

For dimension A (inϐlation), the two‑sided deϐinition with min aggregation:
d_A_high(t) = max(�, (�_A_upper − A(t)) / �_A_upper)
d_A_low(t) = max(�, (A(t) − �_A_lower) / �_A_lower)
d_A(t) = min(d_A_high(t), d_A_low(t))

The min aggregation produces a piecewise linear single‑peak (tent‑shape, ∧) d_A function: maximized at the
optimal A* = (τ_A_upper × σ_A_lower + τ_A_lower × σ_A_upper) / (σ_A_upper + σ_A_lower); decreasing linearly
asA approaches either threshold; ϐloored at ε in either direction. The function is continuous everywhere but non‑
differentiable at A* (the kink) and at the ϐloor boundaries—standard properties of piecewise linear threshold
speciϐications in applied macroeconomic models.
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For baseline calibration A (τ_A_upper = 6.0, τ_A_lower = 0.0, σ_A_upper = 2.0, σ_A_lower = 1.5):
A* = (6.0 × 1.5 + 0.0 × 2.0) / (2.0 + 1.5) = 9.0 / 3.5 = 2.57%
max d_A = (6.0 - 2.57) / 2.0 = 1.71 (equivalent to (2.57 - 0.0) / 1.5 = 1.71)

At A* ≈ 2.57%, d_A is maximized at approximately 1.71. This optimal point sits within the RBA target band
(2‑3%), consistent with the central bank’s own calibration choice.
The PLDI is then computed as:
PLDI(t) = [d_A(t) · d_B(t) · d_C(t) · d_H(t)]^(1/4)

= exp[(1/4) · (ln d_A(t) + ln d_B(t) + ln d_C(t) + ln d_H(t))]

The geometric mean has the following derivative properties (with respect to any d_j):
�PLDI/�d� = (1/4) · PLDI · (1/d�)

This implies: the marginal effect of a small change in any single dimension’s distance on PLDI scales with the
inverse of that dimension’s current distance. Dimensions closest to breach (smallest distance) have the largest
marginal effect on PLDI changes. For dimension A, the binding side (d_A_high or d_A_low, whichever is smaller)
determines the marginal effect; the slack side has no ϐirst‑order effect on PLDI until it becomes the smaller of
the two.

1.19.2 A.2 Geometric mean’s formal properties

Throughout, let 𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻 ∈ ℝ denote the four normalized dimensional distances, and deϐine:

PLDI(𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻) = (𝑑𝐴 ⋅ 𝑑𝐵 ⋅ 𝑑𝐶 ⋅ 𝑑𝐻)1/4, AM(𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻) =
𝑑𝐴 + 𝑑𝐵 + 𝑑𝐶 + 𝑑𝐻

4 .

The following four theorems and one supporting lemma jointly characterize the geometric mean’s behavior on
this domain. All have been machine‑veriϐied in Lean 4 against mathlib v4.29.1 with zero sorry placeholders.
Lean source: lean/PhaseLockingLean/PhaseLockingLean/T1.lean. sympy pre‑veriϐication of all algebraic
identities and numerical samples: lean/T1_sympy_verification.py (all 8 sub‑checks pass).

1.19.2.1 Theorem A.2.1 · AM‑GM Inequality For all 𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻 ≥ 0:

PLDI(𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻) ≤ AM(𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻),

with equality if and only if 𝑑𝐴 = 𝑑𝐵 = 𝑑𝐶 = 𝑑𝐻 .
Proof of inequality: Apply the standard weighted AM‑GM inequality with uniform weights𝑤𝑖 = 1/4 summing
to one:

ෑ
𝑖∈{𝐴,𝐵,𝐶,𝐻}

𝑑1/4𝑖 = ቌෑ
𝑖
𝑑𝑖ቍ

1/4

≤෍
𝑖

1
4𝑑𝑖 = AM.

Proof of backward equality (← direction): Direct substitution 𝑑𝐴 = 𝑑𝐵 = 𝑑𝐶 = 𝑑𝐻 = 𝑑 yields PLDI = 𝑑 and
AM = 𝑑.
Proof of forward equality (→ direction): From Real.geom_mean_eq_arith_mean_weighted_iff' applied
with s = Finset.univ : Finset (Fin 4), weights 𝑤𝑖 = 1/4, and values 𝑧 = (𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻) packed as a
Fin.cons chain, PLDI = AM implies 𝑧𝑗 = AM for all 𝑗 ∈ 𝑠, which gives 𝑑𝐴 = 𝑑𝐵 = 𝑑𝐶 = 𝑑𝐻 .
Lean4veriϐication: PhaseLocking.PLDI_le_AM (inequalitydirection; usesReal.geom_mean_le_arith_mean4_weighted
combined with Real.mul_rpow chain) � machine‑veriϐied. PhaseLocking.PLDI_eq_AM_iff both directions
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� machine‑veriϐied; forward direction uses Real.geom_mean_eq_arith_mean_weighted_iff' via a vec4
packing helper (avoids the Matrix.cons simp obstacle of the initial 2026‑05‑11 morning attempt).

1.19.2.2 Corollary A.2.2 · Diagonal Boundary For any 𝑑 ≥ 0:

PLDI(𝑑, 𝑑, 𝑑, 𝑑) = 𝑑 and AM(𝑑, 𝑑, 𝑑, 𝑑) = 𝑑.

Proof: For PLDI: (𝑑 ⋅ 𝑑 ⋅ 𝑑 ⋅ 𝑑)1/4 = (𝑑4)1/4 = 𝑑 for 𝑑 ≥ 0. For AM: (𝑑 + 𝑑 + 𝑑 + 𝑑)/4 = 𝑑.
Lean4veriϐication: PhaseLocking.PLDI_diagonal�machine‑veriϐied (usesReal.pow_rpow_inv_natCast).

1.19.2.3 TheoremA.2.3 · Minimum‑Coordinate Sensitivity Dominance Assume 𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻 > 0. Then
for each 𝑖 ∈ {𝐴, 𝐵, 𝐶, 𝐻}:

𝜕PLDI
𝜕𝑑𝑖

= PLDI
4𝑑𝑖

, 𝜕AM
𝜕𝑑𝑖

= 1
4.

Hence:

𝜕PLDI
𝜕𝑑𝑖

≥ 𝜕AM
𝜕𝑑𝑖

⟺ PLDI ≥ 𝑑𝑖 .

By Lemma A.2.3a below, PLDI ≥ min𝑗 𝑑𝑗 always; therefore the inequality 𝜕PLDI/𝜕𝑑𝑖 ≥ 𝜕AM/𝜕𝑑𝑖 always holds
at the worst‑stressed coordinate, with strict inequality whenever any dispersion is present.
Asymptotic behavior: As 𝑑𝑖 → 0+ (one dimension approaches full breach), 𝜕PLDI/𝜕𝑑𝑖 → +∞ while
𝜕AM/𝜕𝑑𝑖 = 1/4 remains bounded. PLDI is therefore disproportionately sensitive to the dimension approach‑
ing crisis.
Proof of derivative formula:

𝜕
𝜕𝑑𝑖

(𝑑𝐴𝑑𝐵𝑑𝐶𝑑𝐻)1/4 =
1
4(𝑑𝐴𝑑𝐵𝑑𝐶𝑑𝐻)

1/4−1ෑ
𝑗≠𝑖

𝑑𝑗 =
1
4(𝑑𝐴𝑑𝐵𝑑𝐶𝑑𝐻)

1/4 ⋅ 1𝑑𝑖
= PLDI

4𝑑𝑖
.

Proof of equivalence: Dividing PLDI/(4𝑑𝑖) ≥ 1/4by the positive quantity1/(4𝑑𝑖) yields PLDI ≥ 𝑑𝑖; conversely
from PLDI ≥ 𝑑𝑖 , multiplication by 1/(4𝑑𝑖) recovers the derivative inequality.
Lean 4 veriϐication: The equivalence PhaseLocking.PLDI_sensitivity_dominance � machine‑veriϐied
(uses le_div_iff� + linarith). The lower‑bound supporting lemma A.2.3a PhaseLocking.PLDI_ge_min �
machine‑veriϐied. The HasDerivAt statement of the derivative formula PhaseLocking.PLDI_hasDerivAt_dA
� machine‑veriϐied (uses HasDerivAt.rpow_const + Real.rpow_neg + Real.rpow_add + field_simp).

1.19.2.4 Lemma A.2.3a · PLDI Lower Bound For 𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻 ≥ 0:

PLDI(𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻) ≥ min(𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻).

Proof: Let𝑚 = min𝑗 𝑑𝑗 . Then𝑚 ≤ 𝑑𝑖 for all 𝑖, and since𝑚 ≥ 0, we have𝑚4 = 𝑚 ⋅ 𝑚 ⋅ 𝑚 ⋅ 𝑚 ≤ 𝑑𝐴 ⋅ 𝑑𝐵 ⋅ 𝑑𝐶 ⋅ 𝑑𝐻 .
Applying (⋅)1/4 to both sides (monotone increasing onℝ≥0) and using (𝑚4)1/4 = 𝑚 yields𝑚 ≤ PLDI.
Lean 4 veriϐication: PhaseLocking.PLDI_ge_min � machine‑veriϐied (uses pairwise inequalities +
Real.rpow_le_rpow + Real.pow_rpow_inv_natCast).
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1.19.2.5 Theorem A.2.4 · Constant Elasticity Assume 𝑑𝐴, 𝑑𝐵 , 𝑑𝐶 , 𝑑𝐻 > 0. The elasticity of PLDI with re‑
spect to each dimension equals exactly 1/4:

𝜕PLDI
𝜕𝑑𝑖

⋅ 𝑑𝑖
PLDI =

1
4, ∀𝑖 ∈ {𝐴, 𝐵, 𝐶, 𝐻}.

A 1% change in any single dimension produces a 0.25% change in PLDI, independent of which dimension and
independent of the current conϐiguration.
Proof: Substituting Theorem A.2.3:

ቆPLDI
4𝑑𝑖

ቇ ⋅ 𝑑𝑖
PLDI =

1
4.

Lean 4 veriϐication: PhaseLocking.PLDI_elasticity_dA � machine‑veriϐied (uses Real.rpow_pos_of_pos
+ field_simp).

1.19.2.6 A.2.5 · Replication Lean 4 sources, sympy pre‑veriϐication scripts, and the Lake build log are pro‑
vided in the supplementary materials at lean/. The Lean development builds cleanly against Lean 4.29.1 and
mathlib v4.29.1 with zero sorry placeholders. All Tier A theorems supporting Properties P1–P4 of §4.4 (in‑
equality, equality iff in both directions, lower bound, sensitivity equivalence, derivative formula, elasticity) are
fully machine‑veriϐied.

1.19.3 A.3 PPLE marginal effect derivation

For policy p affecting dimensional state by ΔXᵢ at ϐiscal cost cost_p:
PPLE_p = [PLDI(X + ΔX_p) − PLDI(X)] / cost_p

� Σ� [�PLDI/�X� · ΔX�] / cost_p (first-order approximation)

For dimensions i � {B, C, H} (one‑sided distances), the partial derivative is:
�PLDI/�X� = (−1/��) · (1/4) · PLDI · (1/d�) for i � {B, C, H}

The negative sign reϐlects that increases in the dimensional state Xᵢ (deterioration toward threshold) decrease
the distance dᵢ.
For dimension A (two‑sided distance with min aggregation), the partial derivative is piecewise, depending on
which side of the threshold structure is binding:
When A > A* (high-inflation side binding, d_A = d_A_high):
�PLDI/�A = (−1/�_A_upper) · (1/4) · PLDI · (1/d_A)

When A < A* (deflation side binding, d_A = d_A_low):
�PLDI/�A = (+1/�_A_lower) · (1/4) · PLDI · (1/d_A)

At A = A* (kink point):
�PLDI/�A is undefined; the subgradient is the convex hull
of the two one-sided derivatives.

The sign reversal across A* is intuitive: above A, increasing* inϐlation worsens A (push toward upper breach);
below A, increasing* inϐlation improves A (push away from deϐlation breach). This piecewise structure means
a single policy intervention may have opposite‑signed PPLE contributions through dimension A depending on
the prevailing regime, and PPLE re‑estimation is required when the binding side switches. For most policy ap‑
plications in this paper (Australia 2026 with A = 4.6% > A* = 2.57%), the high‑inϐlation side is binding and the
standard formula applies.
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For policies that cross the kink during their effect period (e.g., aggressivemonetary tightening thatmoves A from
4.6% through 2.57% to below), the PPLE should be computed in two segments and combined—an analytical
reϐinement identiϐied as future research (§14.5).

1.19.4 A.4 Talon Threshold derivation

The functional form of PLDI as the unweighted geometric mean of four dimensional distances is justiϐied by the
formal properties in §A.2 (machine‑veriϐied in Lean 4). The critical value PLDI𝑝𝑟 = 0.80 distinguished as the
“Talon Threshold” is a universal cutoff applied on the pseudo‑real‑time PLDI scale (§5.3); it is empirically cali‑
brated as described below. Because the pseudo‑real‑time normalisation absorbs cross‑country baseline hetero‑
geneity into each country’s country‑speciϐic σ, the universal cutoff on this scale is functionally country‑speciϐic
in deployment — each country’s own PLDI_pr trajectory is monitored against the same numerical value 0.80.
Section 5.3a discloses the residual level‑scale cross‑country baseline heterogeneity, but the level‑scale country‑
speciϐic cutoff 𝑇𝑐 deϐined there is not the deployment instrument (its empirical underperformance is reported
in the transparency table below).
The Talon Threshold of PLDI𝑝𝑟 = 0.80 is derived from: (1) the empirical 30‑case observation that 28 of 30 cases
reaching dual breach showedwarning‑zone convergencewithin 24months (using the level‑scale narrative PLDI
in §8.1); (2) historical Australian PLDI values that preceded crisis (0.62 in 1991‑Q4, 0.65 in 2020‑Q4, 0.44 in
2022‑Q4; under the corrected two‑sided A formula per Table 8.1); (3) heuristic calibration of 0.80 as the level
abovewhich crisis convergence has not occurred and belowwhich crisis convergence has occurred for Australia;
(4) numerical coincidence with the AUS country‑baseline product 𝑇AUS = 0.8303 × 1.066 = 0.885 from §5.3a
(95% CI [0.549, 1.042] covers 0.80). Subsequent research with larger samples should reϐine the precise value.
Out‑of‑sample validation against the Laeven‑Valencia 1970‑2017 panel (3,142 country‑quarter cells with
strictly‑prior‑data calibration per §5.3): the conditional probability of LV systemic banking crisis onset within
24 months given PLDI𝑝𝑟 < 0.80 is 4.1%, versus 0.2% given PLDI𝑝𝑟 ≥ 0.80— a 21.5× lift ratio. Single‑predictor
logistic regression yields ROC AUC = 0.64. The 0.80 threshold remains heuristically calibrated and not statisti‑
cally optimized against the full panel; subsequent reϐinement is identiϐied as future research (§14.5).
Deployment‑speciϐication robustness (transparency disclosure): The 21.5× lift reported above is speciϐic
to the V0_pr deployment speciϐication — universal cutoff 0.80 applied on the pseudo‑real‑time PLDI scale. A
head‑to‑head four‑way comparison on the D3b 31‑country pseudo‑real‑time panel (3,120 country‑quarter cells
with PLDI_pr, PLDI level, country‑speciϐic level‑scale 𝑇𝑐 , and country‑speciϐic PR‑scale 𝑇𝑐,𝑝𝑟 all non‑missing; 107
forward‑24‑month LV banking‑crisis events) tests the deployment validity of alternative speciϐications:

Spec Scale Threshold Below cells
𝑃(crisis ∣
below)

𝑃(crisis ∣
above) Lift AUC

V0_pr
(this
paper)

PLDI𝑝𝑟 universal
0.80

83.2% 4.08% 0.19% 21.35× 0.6407

V1_pr PLDI𝑝𝑟 country‑
speciϐic
𝑇𝑐,𝑝𝑟
(§5.3a, PR
scale)

21.0% 4.28% 3.21% 1.33× —

V0_lvl PLDI level universal
0.80

65.7% 3.46% 3.36% 1.03× 0.5410

V4_lvl PLDI level country‑
speciϐic 𝑇𝑐
(§5.3a,
level scale)

40.6% 3.00% 3.73% 0.80× 0.4437

The four‑spec comparison establishes that V1_pr / V0_lvl / V4_lvl all underperform V0_pr by an order of mag‑
nitude in crisis‑lift, with V4_lvl actually anti‑predictive (AUC 0.4437 < 0.5). The root cause for V4_lvl is that the
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level‑scale PLDI∗𝑐 stable baseline for structurally‑stressed countries (e.g., PLDI∗ESP = 0.354, PLDI∗ITA = 0.152,
PLDI∗JPN = 0.618) yields 𝑇𝑐 values below those countries’ actual crisis‑onset PLDI distributions, misclassify‑
ing crisis episodes as “above threshold.” For V1_pr, the pseudo‑real‑time PLDI scale already absorbs country
baseline heterogeneity through country‑speciϐic σ‑normalisation, so layering a country‑speciϐic cutoff on the
normalised scale removes the cross‑country alignment that universal 0.80 exploits.
The Talon Threshold’s deployment validity therefore rests speciϐically on universal‑cutoff‑on‑PR‑scale
(V0_pr); the level‑scale country‑speciϐic 𝑇𝑐 formula in §5.3a is a narrative tool for describing cross‑
country baseline heterogeneity, not a deployment cutoff. Country‑speciϐic deployment is achieved in
practice by applying the universal 0.80 cutoff to each country’s own PLDI𝑝𝑟 series, which is function‑
ally country‑speciϐic because of the embedded country‑speciϐic σ‑normalisation. Replication code in
d3b_data/scripts/73_country_specific_deployment_validation.py and74_level_scale_deployment_validation.py;
full audit tables inoutputs/country_specific_deployment_validation_audit.md andoutputs/level_scale_deployment_validation_audit.md.
Framework‑level vs indicator‑level interpretation of the joint speciϐication: The Borio‑Drehmann credit
gap is the EWS literature’s dominant incumbent indicator (Drehmann‑Borio‑Tsatsaronis 2011), capturing
household‑debt‑driven credit boom‑bust dynamics that have been the most reliable single predictor of
advanced‑economy banking crises over the past 30 years. The framework’s H dimension (household debt to
GDP, BIS standard) is precisely the dimension on which credit gap is incumbent‑strong; correlation between
PLDI’s H‑dimension distance signal and the Borio‑Drehmann credit gap on the D3b panel is in the 0.6‑0.8 range,
conϐirming that credit gap effectively captures the household‑debt signal that PLDI’s H dimension targets. The
+0.05‑0.07 AUC contribution beyond credit gap in the joint speciϐication is therefore attributable to
PLDI’s three credit‑gap‑blind dimensions — A (inϐlation), B (unemployment), C (ϐiscal sustainability)
— dimensions that single‑credit‑indicator approaches cannot capture. Credit gap is silent on Erdogan‑Turkey‑
type inϐlation‑driven crisis (Case 9, §11.11), Greek‑type ϐiscal‑driven crisis (Case 5, §11.7), or Volcker‑type
monetary‑induced unemployment crisis (Case 2, §11.4); the framework’s A/B/C diagnostic resolves each of
these credit‑gap‑blind cases. Framework‑level interpretation: rather than amarginal‑AUC improvement over
the incumbent indicator, the framework demonstrates that multi‑dimensional crisis risk has a credit‑gap‑blind
component on the A/B/C dimensions worth +0.05‑0.07 AUC, with credit gap remaining the optimal indicator
for the H dimension. The framework’s contribution is the integrated A/B/C/H risk monitoring + PPLE policy
evaluation (§3.5, §11) + Sequenced Demolition counterfactual analysis (§10) + dual‑frequency mechanism
robustness (§13.3 b) system — not a replacement for, but a complement to, the Borio‑Drehmann credit gap as
the EWS literature’s gold‑standard H‑dimension indicator.
Joint‑speciϐication out‑of‑sample validation (full 33‑country panel): On the merged sample where the BIS
Credit‑to‑GDP gap is available alongside PLDI_pr (33 countries common after the 33‑country panel expansion
from the 8‑country subset initial subset; 2,148 country‑quarters, 73 forward‑24‑month banking crisis events),
the joint model crisis ~ PLDI_pr + Credit_Gap is re‑estimated in rolling‑window pseudo‑real‑time (full
procedural detail in §14.5 implementation status, paragraph on closing caveat ii). Under an expanding win‑
dow (minimum 40 prior quarters), the joint speciϐication achieves OOS AUC = 0.8388 versus 0.7355 for PLDI_pr
alone and 0.7892 for Credit Gap alone (n = 1,888 OOS predictions, 62 forward‑24‑month banking crisis events).
Under a ϐixed 80‑quarter window, the joint speciϐication achieves OOS AUC = 0.8508 versus 0.7344 for PLDI_pr
alone and 0.8085 for Credit Gap alone. The in‑sample‑to‑OOS degradation of the joint speciϐication is very small
(0.853 → 0.839–0.851), and the joint AUC advantage over either single predictor is preserved across both win‑
dow modes—evidence that the multi‑dimensional PLDI carries information about banking‑crisis risk that is
incremental to single‑dimensional credit measures, and that this incremental information generalises out‑of‑
sample on the full 33‑country common panel rather than reϐlecting in‑sample overϐitting. The earlier 8‑country
subset result (joint OOS AUC 0.7656 / 0.7755) replicates within the smaller subset; the larger 33‑country panel
produces tighter generalisation as expected from greater statistical power.
Illustrative numerical exposition in §A.7 (not structural identiϐication): Appendix §A.7 provides a numeri‑
cal bifurcation analysis of a 4‑dimensional linearisedABCHcoupled‑ODEmodelwith couplingmatrix K speciϐied
from the §3.3 mechanism inventory (not estimated from data) and noise amplitude σ chosen to match the post‑
1990 Australian quarterly PLDI volatility. The analysis identiϐies a transcritical (saddle‑node) bifurcation at
κ_c ≈ 0.0445 (1/quarter) and reports stationary probabilities P(PLDI < 0.80) of 0% / 5.5% / 30.6% across sub‑
critical / at‑critical / super‑critical coupling regimes. The §A.7 exercise is presented as illustrative numeri‑
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cal exposition of the conceptual relation between coupling intensity and stress‑vulnerability frequency,
not as structural identiϐication of the Talon Threshold. The parameters (α_i, K, σ) are illustrative reϐlections
of §3.3 magnitudes and post‑1990 empirical moments — they are not econometrically estimated, and the σ =
0.10 calibration is selected tomatch the empiricalmoment that the analysiswould otherwise be cited as explain‑
ing; treating the resulting numerical phase transition as independent evidence for the 0.80 calibrationwould be
circular. The empirical case for the Talon Threshold therefore rests on (a) the §A.4 paragraphs above (21.35×
lift / single‑predictor logit AUC 0.6407 on the 31‑country D3b panel; joint OOS AUC 0.84–0.85 with the Borio‑
Drehmann credit gap), (b) the §13.3 (b) panel‑wide converse test (cell‑level dose‑response across breach_count
0/1/2/3/4 → 0%/2.9%/6.8%/9.4%/23.5% crisis rates), and (c) the §6.5a 17‑country panel local‑projections
analysis (peak t = −3.08 on PLDI_pr at h = 13 quarters). §A.7 contributes a conceptual mathematical demon‑
stration that a coupled ABCH ODE system with calibrated coupling can produce a phase‑transition‑like
structure in the vicinity of an empirically‑identiϐied threshold — informative as conceptual exposition, but not
as structural support. Data‑driven estimation of the couplingmatrix K via panel VAR, TVP‑VAR (Primiceri 2005),
or relatedmacro structural methods is identiϐied as future research andwould constitute an independent paper
rather than an §A.7 sub‑result.
Threshold sensitivity (reality check series): The Talon Threshold value 0.80 was originally calibrated from
the 30‑case warning‑zone convergence sample (§3.3, §8.2) plus the Australian historical PLDI trajectory docu‑
mented in §8.1. A quantitative reality check on the 33‑country D3b panel (script 73, Q8 metric) computed the
empirically optimal threshold — the threshold value maximising the conditional‑probability lift P(crisis | PLDI
< t) / P(crisis | PLDI ≥ t) — under several framework variants. The optimal threshold values are 1.81 for the
level‑based baseline framework and 1.45 for the R1 hybrid‑gap variant tested in the reality‑check series, both
well above 0.80. This indicates that 0.80 is conservatively calibrated in the sense that the structural framework
would tolerate higher threshold valueswhile still preserving substantial lift. The conservative bias is intentional
under the framework’s risk‑asymmetric design (false negative crisis‑miss ismore costly than false positivewarn‑
ing), but explicit recalibration toward panel‑empirical optimum is reserved as a subsequent research direction.
A reader weighing the framework for deployment in 2026 should treat the 0.80 threshold as the conservative
early‑warning anchor and the empirical optimum 1.45–1.81 range as the boundary of “still informative” rather
than as a fundamental disagreement. Additionally, the lift validation in this paper (§A.4 paragraph above, 21.5×
lift) uses the pseudo‑real‑time PLDI_pr at the 0.80 threshold; the level‑based full‑sample PLDI under the same
threshold would show a much weaker lift (1.02× on the panel; the version mismatch is acknowledged in §4.3a
and explained in §5.3).
Country‑speciϐic Talon Threshold formalisation (the country‑baseline heterogeneity disclosure): The
previous sensitivity disclosure documented that the panel‑empirical optimum under lift maximization (1.45–
1.81 on level‑based PLDI) differs from the 0.80 anchor; the formalisation in §5.3a converts the threshold from
a single framework‑wide value into a country‑speciϐic function 𝑇𝑐 = 𝜌 ⋅ PLDI∗𝑐 , with 𝜌 a framework‑wide param‑
eter estimated from 53 dual‑breach episodes (cluster‑bootstrap on country, 1,000 replicates) and PLDI∗𝑐 each
country’s stable‑year empirical median PLDI. On the level‑based PLDI scale, 𝜌̂ = 0.8303 with 95% CI [0.5154,
0.9776]; the resulting Australian threshold 𝑇AUS = 0.885 with 95% CI [0.549, 1.042] is statistically indistin‑
guishable from the original 0.80 anchor at the 5% level (the AUS‑speciϐic CI covers 0.80). The framework’s three
rough country groups under this calibration — high‑baseline (𝑇𝑐 1.21–1.79; KOR, LUX, NOR, MEX, SAU, NZL),
Australia‑clustered (𝑇𝑐 0.83–0.97; AUT, NLD, CHE, DNK, CZE, IDN), and low‑baseline (𝑇𝑐 0.41–0.68; DEU, CHL,
SWE, FIN, JPN, POL, USA) — provide concrete deployment guidance: the 0.80 anchor is appropriate for Aus‑
tralia and the Australia‑clustered group; high‑baseline countries should use proportionally higher thresholds;
low‑baseline countries should use proportionally lower thresholds. The previously‑informal “0.80 calibration”
is therefore formalised as the country‑speciϐic Talon Threshold derived from the universal formula applied to
Australian historical data; the original anchor is empirically vindicated within the CI. Full derivation in §5.3a;
replication code in d3b_data/scripts/72_country_specific_threshold_level.py; 33‑country table in
outputs/country_specific_threshold_level_table.csv; full audit inoutputs/country_specific_threshold_level_audit.md.

1.19.5 A.5 Exact binomial inference: formal statements

This sub‑section provides formal statements of the six statistical inference claims reported in §8.2. All claims are
numerically veriϐied againstscipy.stats (see supplementarymaterials atlean/T2_scipy_verification.py);
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Lean 4 formalization is partial (the binomial test theorems A.5.3 and A.5.4 are machine‑veriϐied; the Clopper‑
Pearson CI theorems A.5.1 and A.5.2 are deferred pending mathlib coverage of the Beta quantile function). Full
formalization status appears at the end of this sub‑section.

1.19.5.1 Deϐinition · Clopper‑Pearson exact conϐidence interval Deϐinition: For 𝑘 successes in 𝑛
Bernoulli trials, the Clopper‑Pearson two‑sided conϐidence interval at level 1 − 𝛼 is [𝐿𝑘,𝑛,𝛼 , 𝑈𝑘,𝑛,𝛼]where:

𝐿𝑘,𝑛,𝛼 = ൝0 if 𝑘 = 0
𝐵−1(𝛼/2; 𝑘, 𝑛 − 𝑘 + 1) if 𝑘 ≥ 1 , 𝑈𝑘,𝑛,𝛼 = ൝1 if 𝑘 = 𝑛

𝐵−1(1 − 𝛼/2; 𝑘 + 1, 𝑛 − 𝑘) if 𝑘 ≤ 𝑛 − 1

with 𝐵−1(𝑝; 𝑎, 𝑏) the quantile function of the Beta(𝑎, 𝑏) distribution.
Coverage property: For any 𝜋 ∈ [0, 1] and any 𝛼 ∈ (0, 1), with 𝑋 ∼ Binomial(𝑛, 𝜋):

Prൣ𝜋 ∈ [𝐿𝑋,𝑛,𝛼 , 𝑈𝑋,𝑛,𝛼]൧ ≥ 1 − 𝛼.

This is the exact coverage property: unlike approximate intervals (Wald, Wilson), Clopper‑Pearson achieves at
least the stated coverage uniformly across all 𝜋, with the trade‑off of conservative width.

1.19.5.2 Speciϐic numerical claims

1.19.5.2.1 Theorem A.5.1 · 28/30Warning‑zone CI For 𝑛 = 30, 𝑘 = 28, 𝛼 = 0.05:

[𝐿28,30,0.05, 𝑈28,30,0.05] = [0.7793, 0.9918] ≈ [78.0%, 99.2%].

(scipy veriϐication: scipy.stats.beta.ppf(0.025, 28, 3) = 0.779265; scipy.stats.beta.ppf(0.975,
29, 2) = 0.991822.)

1.19.5.2.2 Theorem A.5.2 · 23/30 Full‑breach CI For 𝑛 = 30, 𝑘 = 23, 𝛼 = 0.05:

[𝐿23,30,0.05, 𝑈23,30,0.05] = [0.5772, 0.9007] ≈ [57.7%, 90.1%].

(scipy veriϐication: scipy.stats.beta.ppf(0.025, 23, 8) = 0.577163; scipy.stats.beta.ppf(0.975,
24, 7) = 0.900662. The paper’s quoted 90.1% rounds the exact value 90.07% up at one decimal place.)

1.19.5.2.3 Theorem A.5.3 · Exact binomial test, 28/30 vs π₀ = 0.50

𝑝28(0.50) =
30

෍
𝑗=28

ቆ30𝑗 ቇ(0.50)
30 = 4.34 × 10−7.

1.19.5.2.4 Theorem A.5.4 · Exact binomial test, 28/30 vs π₀ = 0.80

𝑝28(0.80) =
30

෍
𝑗=28

ቆ30𝑗 ቇ(0.80)
𝑗(0.20)30−𝑗 = 0.0442.

This is the marginal‑signiϐicance result discussed in §8.2: the one‑sided test rejects H₀: π = 0.80 at α = 0.05 but
the proximity to the cutoff matters for evaluating evidential strength.
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1.19.5.2.5 Theorem A.5.5 · Exact binomial test, 23/30 vs π₀ = 0.50

𝑝23(0.50) =
30

෍
𝑗=23

ቆ30𝑗 ቇ(0.50)
30 = 2.61 × 10−3.

1.19.5.2.6 Theorem A.5.6 · Exact binomial test, 23/30 vs π₀ = 0.80

𝑝23(0.80) =
30

෍
𝑗=23

ቆ30𝑗 ቇ(0.80)
𝑗(0.20)30−𝑗 = 0.761.

The full‑breach convergence rate is not distinguishable from the 80% threshold.

1.19.5.3 Lean 4 formalization status Unlike the §A.2 properties of the aggregation function (where math‑
lib4 directly supplies the required AM‑GM inequality and rpow machinery), the Clopper‑Pearson conϐidence
interval requires the Beta distribution quantile function (inverse regularized incomplete Beta function), the for‑
malization of which in mathlib4 is currently partial. We provide three tiered formalization paths:

• Tier A: formalize the Clopper‑Pearson coverage property abstractly, treating the Beta quantile function
as a black box satisfying its deϐining axioms. The coverage property would then hold against any concrete
Beta‑quantile implementation. Not yet implemented.

• Tier B: formalize the binomial test p‑values (Theorems A.5.3–A.5.6) as ϐinite sums of rational expressions
in 𝜋0. The summands are polynomial in 𝜋0 and the binomial coefϐicients are integers, making this fully
tractable in mathlib via Finset.sum over Finset.Icc. Veriϐication of the speciϐic numerical bounds re‑
duces to a rational arithmetic proof obligation. Partially implemented (2026‑05‑11): the Lean module
PhaseLockingLean/T2.leanprovidesPhaseLocking.binom_pvalue_rat as the rational‑valuedp‑value
deϐinition; four speciϐic theorems are machine‑veriϐied:

– binom_pvalue_28_30_half_eq�(TheoremA.5.3 exact rational value: 466/230, vianative_decide)
– binom_pvalue_28_30_half_lt � (Theorem A.5.3 inequality< 1/1000)
– binom_pvalue_28_30_4_5_lt_5pct � (Theorem A.5.4 marginal claim: < 1/20, rejects H₀ at α =

0.05)
– binom_pvalue_28_30_4_5_ge_2_5pct � (Theorem A.5.4 transparency claim: > 1/40, does not

reject at Bonferroni‑corrected α = 0.025) Together the latter two formally lock the marginal‑
signiϐicance disclosure in §8.2. Theorems A.5.5 and A.5.6 (the 23/30 inference claims) follow the
same pattern and are achievable with the existing infrastructure; not yet implemented.

• Tier C: formalize the Clopper‑Pearson numerical bounds (Theorems A.5.1, A.5.2). This tier requires ei‑
ther rational arithmetic with high‑precision Beta‑quantile evaluation or interval‑arithmetic veriϐied Beta‑
function bounds, neither of which is currently supported in the mathlib formal‑veriϐication ecosystem at
the required numerical precision. We therefore rely onmachine‑precision numerical veriϐication via scipy
1.17.1 for these two theorems and identify formal Lean veriϐication as a future‑research direction condi‑
tional on mathlib’s Beta‑function infrastructure reaching the required precision.

Veriϐication (2026‑05‑11): all six theorems (A.5.1–A.5.6) numerically veriϐied to machine precision against
scipy 1.17.1; veriϐication script lean/T2_scipy_verification.py. Theorems A.5.3 and A.5.4 additionally
machine‑veriϐied in Lean 4 / mathlib v4.29.1 via the Tier B route described above.

1.19.6 A.6 Local projection IRF tables and robustness

This appendix tabulates the full impulse response estimatesunderlying the §6.5 identiϐicationhierarchy. Reader
navigation (the current revision): sub‑sections §A.6.1–§A.6.6 tabulate the AUS‑only country case study LP
IRF (corresponding to §6.5b); sub‑section §A.6.7 tabulates the 17‑country panel LP IRF (corresponding to §6.5a
primary identiϐication). The two sets of IRF tables mirror the §6.5 hierarchy of primary panel evidence (§A.6.7 /
§6.5a) plus country case study (§A.6.1–§A.6.6 / §6.5b); readers tracking the framework’s headline empirical case
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should consult §A.6.7 ϐirst, with §A.6.1–§A.6.6 providing Australia‑speciϐic decomposition (mechanism table,
information‑effect test, dimension‑level analysis) for the §7–§10 Australian narrative context.
The complete results— 3 shock types × 9 outcomes × 17 horizons × 3 speciϐications = 1,377 IRF coefϐicients for
the AUS‑only speciϐication (§A.6.1–§A.6.6); 1 harmonised shock × 9 outcomes × 17 horizons × 1 speciϐication =
153 IRF coefϐicients for the 17‑country panel (§A.6.7)—are stored in d3b_data/outputs/lp_robust_irf.csv
and d3b_data/outputs/panel_lp_irf_results.csv respectively. We reproduce here the headline diagnostic
tables and summarize the additional outcomes textually.

1.19.6.1 A.6.1 Headline IRF: pldi_pr response to Action shock The table below reports the cumulative h‑
quarter response coefϐicient β_h with HAC standard error in parentheses, across three speciϐications (baseline
L = 4 lags; robustness L = 2 lags; GFC‑excluded subsample with L = 4), plus the moving‑block bootstrap 95% CI
under the baseline speciϐication. * denotes |t| > 1.645 (90% under HAC); ** denotes |t| > 1.96 (95% under HAC).
The MBB CIs are computed from B = 2000 pair‑block resamples with block length 4 quarters.

h baseline β (SE) L=2 β (SE) dropGFC β (SE) MBB 95% CI
0 +0.006 (0.004) +0.006 (0.004) +0.017 (0.011) [−0.004, +0.036]
1 +0.003 (0.007) +0.001 (0.005) +0.018 (0.015) [−0.013, +0.041]
2 −0.004 (0.008) −0.003 (0.007) +0.018 (0.018) [−0.022, +0.040]
3 −0.001 (0.010) −0.003 (0.009) +0.024 (0.020) [−0.028, +0.042]
4 −0.003 (0.009) −0.001 (0.009) +0.022 (0.020) [−0.025, +0.041]
5 −0.000 (0.009) +0.001 (0.008) +0.027 (0.018) [−0.021, +0.052]
6 −0.002 (0.008) −0.003 (0.008) +0.015 (0.018) [−0.020, +0.039]
7 −0.005 (0.006) −0.006 (0.007) +0.008 (0.014) [−0.026, +0.030]
8 −0.003 (0.006) −0.007 (0.007) +0.004 (0.013) [−0.033, +0.028]
9 −0.003 (0.005) −0.004 (0.005) +0.005 (0.011) [−0.039, +0.027]
10 −0.001 (0.004) +0.001 (0.005) +0.011 (0.012) [−0.039, +0.026]
11 +0.016 (0.003) +0.011 (0.005) +0.018 (0.015) [−0.022, +0.041]
12 +0.027 (0.004) +0.022 (0.005) +0.035 (0.017) [−0.002, +0.061]
13 +0.011 (0.005) +0.010 (0.006) +0.026 (0.019) [−0.013, +0.056]
14 +0.005 (0.005) +0.005 (0.005) +0.013 (0.014) [−0.023, +0.047]
15 +0.004 (0.005) +0.003 (0.004) +0.003 (0.011) [−0.030, +0.034]
16 +0.004 (0.004) +0.001 (0.003) −0.002 (0.008) [−0.037, +0.029]
n 60 62 52 60

Three observations underwrite the §6.5b “directional evidence” characterisation:
1. Point estimates are directionally robust. All three HAC speciϐications give β > 0 at every horizon in h = 11–

13, with peakmagnitudes in the range [+0.022, +0.035]. The h = 12 peak survives both the L = 2 lag‑order
reduction (β = +0.022) and the removal of the 2008‑Q1 through2009‑Q4GFCquarters from the regression
sample (β = +0.035, β actually rises). Neither over‑ϐitting nor GFC outliers can account for the spike.

2. HAC standard errors understate parameter uncertainty by approximately a factor of four. The baseline HAC
95%CI at h = 12 is [+0.019, +0.034] (width 0.016); themoving‑block bootstrap 95%CI is [−0.002, +0.061]
(width 0.063). ThisMBB/HACwidth ratio of~4× is consistentwith theBrüggemann, Jentsch, andTrenkler
(2016) characterisation of small‑sample HAC bias in time‑series regression with persistent regressors.

3. Under the bootstrap criterion, the 95% CI at the peak includes zero. The moving‑block bootstrap is the
more reliable inference standard at n = 60 with multiple lag controls; under this standard, the h = 11–
13 spike is directionally informative but not statistically iron‑clad. The 90% MBB CI at h = 12 is [+0.001,
+0.054], which excludes zero by a narrowmargin and providesweaker but non‑trivial evidence at the 10%
signiϐicance level.
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1.19.6.2 A.6.2 IRF coefϐicients for the Path shock The Path shock IRF on pseudo‑real‑time PLDI shows
persistent positive response acrossmultiple horizon rangesunder thebaseline speciϐication: h=2–3 (β=+0.010,
t ≈ +2.3), h = 8–10 (β = +0.018 to +0.019, t ≈ +2.5 to +2.8), and h = 13–16 (β = +0.014 to +0.020, t ≈ +3.3 to +5.0).
Nine of seventeen horizons reach |t| > 1.96 under HAC, compared to three for the Action shock. However, the
Path shock is also subject to the small‑sample HAC bias documented above; under the moving‑block bootstrap,
the Path IRF retains directional positivity at the high‑t horizons but with CIs that come close to crossing zero
at several points (full bootstrap CIs not tabulated; available in outputs/lp_robust_irf.csv after extending
Phase 1d’s bootstrap subset). The substantive interpretation is that Path shocks— forward‑guidance surprises
clean of the information‑effect contamination of Action shocks — exhibit more uniform pull on PLDI across
horizons, consistent with their cleaner identiϐication of “pure” monetary stance changes.

1.19.6.3 A.6.3 IRF coefϐicients for the Premia shock The Premia shock (direct term‑premium channel)
shows an inverted proϐile relative to Action and Path: negative response on PLDI at short horizons h = 1–6 (peak
β = −0.018 at h = 3, t = −3.48), then positive at h = 11–12 (β = +0.017, t ≈ +2.0). The substantive interpretation
requires care: a positive Premia shock denotes an unexpected fall in the termpremium component of yields (e.g.,
from QE‑style ϐlight‑to‑quality ϐlows). The early negative PLDI response is consistent with safe‑haven demand
at the long end compressing ϐinancing costs and reducing immediate credit pressure; the later positive response
is consistent with persistent low long rates eventually fuelling household debt accumulation. This pattern is not
central to the §6.5b headline argument and is reported here for completeness.

1.19.6.4 A.6.4 Dimension‑by‑dimension mechanism table (Action shock peak coefϐicients)

Outcome Peak h Peak β (SE) t Interpretation
d_a_pr (HH debt
distance)

5 +0.036 (0.021) +1.73 Credit channel:
easing raises HH
debt over 1–2 years

d_b_pr (CPI
distance)

15 −0.055 (0.033) −1.66 Information effect:
dovish action
signals RBA
pessimism on CPI

d_c_pr
(Unemployment
distance)

5 −0.021 (0.014) −1.48 Labour channel:
easing reduces
unemployment
distance over 1–2
years

d_h_pr (Gov debt
distance)

16 −0.005 (0.005) −1.04 Inert: ϐiscal
dimension does not
respond to MP

Three of the four PLDI dimensions activate under the Action shock with the conventional MP‑transmission sign
(or its information‑effect counterpart for d_b_pr); the H dimension is statistically inert at all horizons under
all three speciϐications. This dimension‑level result is the empirical foundation for the §6.5b claim that PLDI
captures monetary‑ϐiscal coupling rather than monetary‑only or ϐiscal‑only effects.

1.19.6.5 A.6.5 Cross‑shock comparison on the labour‑market outcome (information‑effect test) The
cleanest external validation of the LP pipeline is the test of Hambur and Haque’s “Yes and No” asymmetry on
unemployment, summarised in §6.5b. The numerical results are:
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Shock Peak h Peak β (SE) t
Sign matches naive
MP‑transmission?

Action 1 +0.084 (0.020) +4.21 NO (information
effect
contamination)

Path 1 −0.072 (0.027) −2.71 YES (clean
expansionary sign)

Premia 2 +0.117 (0.034) +3.45 NO (risk‑premium
effect / ϐlight to
quality)

The Action shock’s perverse positive coefϐicient on unemployment at short horizons reproduces the headline
ϐinding of Hambur and Haque (2023): a dovish RBA decision surprise raises rather than lowers unemployment
in the immediate aftermath, consistentwith the surprise conveying private RBApessimismabout labour‑market
conditions to the market. The Path shock — forward guidance about future rate decisions, decoupled from the
current‑period information content — yields the conventional sign. This external validation is independent of
the PLDI / d_*_pr results above and conϐirms that our LP estimation correctly reproduces a published property
of the Hambur‑Haque shock series.

1.19.6.6 A.6.6 Caveats speciϐic to §6.5b / §A.6 In addition to the small‑sample bootstrap caveat docu‑
mented above, three further limitations apply:

• Hambur‑Haque vintage gap. The published baseline shock series omits 2001m12 through 2002m8 (9
calendar months), for reasons not explained in the RDP 2023‑04 read‑me ϐile. These gap months are
coded as 0 shock with n_events = 0 in our aggregated quarterly panel (2002‑Q1 and 2002‑Q2 carry no
shock data). This affects 2 of 75 in‑window quarters and is unlikely to materially affect the IRFs but is
disclosed for transparency.

• Post‑2019 untested. The shock series ends 2019m12; the negative‑rate era, COVID, and the 2022–2024
inϐlation episode are outside the LP window. Our LP results should not be assumed to extend to these
regimes.

• Single‑country. The IRF in §6.5b and the §A.6.1–A.6.6 tables above are identiϐied within Australia alone.
This caveat is substantially closed by the cross‑country panel extension reported in §6.5a and tabulated in
§A.6.7 below, which uses ϐive published high‑frequency shock series harmonised under GSS sign conven‑
tion across 17 advanced economies (n = 553–1,190 country‑quarters).

1.19.6.7 A.6.7 Panel LP IRF tables (§6.5a) This subsection tabulates the full impulse responses for the 17‑
country panel LP exercise reported in §6.5a. Speciϐications match §6.5a: Jordà (2005) LP with country ϐixed
effects and clustered standard errors on country, 4 lags of outcome as controls, GSS sign convention (positive
shock = tightening surprise), sample 2001‑Q1 through 2019‑Q4. * denotes |𝑡| > 1.645; ** denotes |𝑡| > 1.96;
*** denotes |𝑡| > 2.576 (10%, 5%, 1% under clustered‑SE inference, asymptotically valid for entities≥ 16). All
coefϐicients reported in PLDI‑distance units.
Panel IRF: pldi_pr response to harmonised tightening shock.

h 𝛽ℎ clustered SE 𝑡 𝑝 𝑛 entities
0 −0.0003 0.0006 −0.51 0.609 713 16
1 −0.0004 0.0007 −0.52 0.603 711 16
2 −0.0017 0.0009 −1.79* 0.074 695 16
3 −0.0010 0.0009 −1.12 0.262 679 16
4 −0.0023 0.0006 −3.70*** 0.0002 663 16
5 −0.0025 0.0012 −2.08** 0.038 647 16
6 −0.0024 0.0014 −1.66* 0.097 645 16
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h 𝛽ℎ clustered SE 𝑡 𝑝 𝑛 entities
7 −0.0017 0.0011 −1.57 0.116 629 16
8 −0.0011 0.0016 −0.68 0.494 613 15
9 −0.0009 0.0012 −0.70 0.486 598 15
10 −0.0014 0.0010 −1.44 0.149 583 15
11 −0.0014 0.0011 −1.22 0.223 582 15
12 −0.0008 0.0005 −1.51 0.130 567 14
13 −0.0029 0.0009 −3.08*** 0.0020 553 14
14 −0.0018 0.0011 −1.66* 0.096 539 14
15 −0.0013 0.0007 −1.70* 0.088 525 14
16 −0.0013 0.0009 −1.37 0.171 524 14

The two negative peaks at ℎ = 4 and ℎ = 13 bracket the credit‑cycle horizon predicted by the AUS‑only §6.5b
speciϐication (peak atℎ = 12,𝛽 = +0.027under thedovish‑positive convention; nowpositioned as country case
studywithin the §6.5a panel). The earlierℎ = 4peak in the panel is consistentwith cross‑country heterogeneity:
panel averaging across17economies smears theAUS‑speciϐicℎ = 12peak into abroader responsewindow,with
the strongest two‑sided rejection of zero achieved at ℎ = 13.
Panel IRF: d_h_pr (household‑debt distance) response— the sustained channel.

h 𝛽ℎ clustered SE 𝑡 𝑝 𝑛
0 −0.0003 0.0001 −2.07** 0.039 1,002
4 −0.0014 0.0008 −1.86* 0.063 948
8 −0.0023 0.0012 −1.95* 0.051 894
12 −0.0033 0.0012 −2.69*** 0.007 840
13 −0.0034 0.0013 −2.67*** 0.008 824
14 −0.0036 0.0013 −2.77*** 0.006 808
15 −0.0036 0.0014 −2.68*** 0.007 792
16 −0.0038 0.0014 −2.68*** 0.007 789

The household‑debt‑distance dimension shows the most sustained and statistically robust response across the
17‑country panel, with signiϐicant coefϐicients (|𝑡| > 2 under clustered SE) emerging at ℎ = 0 and persisting
through ℎ = 16. This sustained negative response — equivalent to a sustained positive response of the house‑
hold debt ratio under a dovish shock — provides cross‑country panel validation of the §6.5b AUS‑speciϐic ϐind‑
ing that the household‑debt dimension is the channel through whichmonetary shocks transmit most reliably to
PLDI buildup.
Sample compositionbyentity. The17panel entities and their effective shock‑quarter counts in the2001–2019
window:

Entity Shock source n_q Note
USA Jarocinski‑Karadi 2020

(Fed)
76 Full window

GBR UKMPD (Braun et
al. 2025)

76 Full window

AUS Hambur‑Haque 2023
(ϐlipped)

75 One Q missing (2001‑Q1)

DEU, FRA, ITA, ESP, NLD,
PRT, FIN, AUT, BEL, GRC,
LUX

JK‑ECB (Altavilla et
al. 2019) replicated

76 each Mechanical EA expansion
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Entity Shock source n_q Note
IRL JK‑ECB replicated 72 Pre‑2002‑Q1 PLDI

missing
CAN Bolhuis et al. 2024 74 Pre‑2001‑Q2 missing
JPN Bolhuis et al. 2024 41 Only post‑2009‑Q4
Total 1,250 country‑quarters with

HF shock

The asymmetric entity weighting (912 EA‑member rows vs ~75 each for non‑EA entities) reϐlects the EA
monetary‑policy structure: a single ECB shock applies to all 12 member countries’ PLDIs simultaneously. The
clustered SE on country adjusts for the within‑EA cross‑sectional correlation in the shock variable.
Methodology‑mix robustness. Of the 17 entities, four use country‑speciϐic richer shock series (USA JK, GBR
UKMPD, AUS Hambur‑Haque sign‑ϐlipped, EUR JK‑ECB replicated to 12 members), and two use the Bolhuis
cross‑country series (CAN, JPN). A robustness re‑estimation using Bolhuis uniformly across the rich‑source
countries (replacing US JK with Bolhuis‑USA, etc., where Bolhuis covers the same country) is tabulated in
outputs/panel_lp_irf_results.csv under the alt‑source columns. The qualitative pattern (negative 𝛽 on
pldi_pr at ℎ = 4–13) holds under both methodology mixes.
Full IRF tables for all 9 outcomes×17horizons (153 regressions) ind3b_data/outputs/panel_lp_irf_results.csv;
per‑outcome IRF ϐigures in outputs/panel_lp_irf_{outcome}.png; audit report including sign‑convention
veriϐication in outputs/panel_lp_irf_audit.md.

1.19.7 A.7 Bifurcation analysis of the 4‑dimensional ABCH coupled‑ODEmodel (illustrative numerical
exposition)

Reader guidance · current reframing. This appendix is illustrative numerical exposition, not
structural identiϐication of the Talon Threshold. The parameters (𝛼𝑖 , 𝐾, 𝜎) are speciϐied from §3.3
mechanism magnitudes and post‑1990 Australian empirical moments — they are not econometri‑
cally estimated, and the noise amplitude 𝜎 = 0.10 is selected to match the very empirical PLDI
volatility moment that the analysis would otherwise be cited as explaining. Treating §A.7’s numer‑
ical phase transition at 𝜅𝑐 as independent conϐirmation of the empirical Talon Threshold PLDI𝑝𝑟 =
0.80 would be circular. The empirical case for the framework’s threshold rests on §A.4 (21.35×
lift / OOS AUC 0.84–0.85), §13.3 (b) (panel‑wide converse test, breach_count dose‑response
0%/2.9%/6.8%/9.4%/23.5%), and §6.5a (17‑country panel LP IRF on PLDI_pr, peak 𝑡 =
−3.08 at ℎ = 13)—not on this appendix. The §A.7 exercise contributes a conceptual mathematical
demonstration that a coupled ABCH ODE system can support a phase‑transition‑like structure in
the vicinity of an empirically‑identiϐied threshold under one reasonable calibration. Data‑driven es‑
timation of the coupling matrix 𝐾 via panel VAR / TVP‑VAR (Primiceri 2005) / related macro struc‑
tural methods is identiϐied as future research — likely an independent paper rather than an §A.7
sub‑result.

The §3.3 Dual Breach Principle is supported by four plausibility‑establishingmechanisms (ϐiscal, monetary, con‑
ϐidence, asset‑price endogeneity). This appendix supplements that empirical exposition with a numerical bifur‑
cation analysis of a linearised 4‑dimensional ODEmodel whose coupling reϐlects the §3.3 mechanism inventory.
The exercise demonstrates that the coupled ABCH system exhibits a sharp stochastic phase transition at a criti‑
cal coupling intensity 𝜅𝑐 under the chosen illustrative calibration — a mathematical existence result consistent
with the empirical Talon Threshold pattern, but not an independent structural identiϐication of it (see the
reader‑guidance box above).
Themodel is interpretive, not structurally identiϐied: the parameters (𝛼𝑖 , 𝐾) are illustrative reϐlections of §3.3
mechanismmagnitudes rather than econometric estimates. The exercise is analytical conceptual exposition, not
a DSGE‑tradition structural model — consistent with the F‑A appendix‑track design adopted in this paper (see
§A.2.5 and the Lean 4 formalisation status in §A.5).
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1.19.7.1 A.7.1 Model speciϐication (linearised about safe equilibrium) Deϐine dimension‑speciϐic log‑
distance deviations 𝑦𝑖(𝑡) ≡ log𝑑𝑖(𝑡) − log𝑑∗𝑖 for 𝑖 ∈ {𝐴, 𝐵, 𝐶, 𝐻}, with reference values 𝑑∗𝑖 = 1.5 uniformly (the
§3.2 warning–safe boundary, giving equilibrium PLDI∗ = 1.5). The PLDI at state 𝑦 is

PLDI(𝑡) = PLDI∗ ⋅ expቌ1
4 ෍

𝑖
𝑦𝑖(𝑡)ቍ .

The linearised dynamics about 𝑦∗ = 0 are

ẏ = 𝐽(𝜅) y + 𝜎 𝜀, 𝐽(𝜅) = −diag(𝛼) + 𝜅𝐾,

where 𝛼𝑖 > 0 is the dimension‑speciϐic mean‑reversion rate (1 / quarter); 𝐾 = (𝑘𝑖𝑗) is the 4 × 4 zero‑diagonal
coupling matrix; 𝜅 > 0 is the global coupling intensity (control parameter); 𝜎 is noise amplitude; and 𝜀𝑖(𝑡) is
standard Gaussian white noise. The critical coupling 𝜅𝑐 is the smallest 𝜅 at which the dominant eigenvalue of
𝐽(𝜅) crosses zero from the negative half‑plane.

1.19.7.2 A.7.2Parameter calibration Mean‑reversion rates𝛼𝑖 (1 / quarter) approximate post‑1990quar‑
terly AR(1) autocorrelation of the corresponding macro variables in advanced economies:

Dimension 𝛼𝑖 Implied half‑life Empirical anchor
A (inϐlation) 0.15 ≈ 4–5 quarters CPI YoY post‑1990 AR(1)
B (unemployment) 0.10 ≈ 7 quarters unemployment rate

post‑1990 AR(1)
C (federal debt) 0.05 ≈ 14 quarters gov debt / GDP

post‑1990 AR(1)
H (household debt) 0.05 ≈ 14 quarters household debt / GDP

post‑1990 AR(1)

Couplingmatrix𝐾 has off‑diagonal entries 𝑘𝑖𝑗 giving the effect of source dimension 𝑗 on receiver 𝑖 (positive 𝑘𝑖𝑗
= contagion); zero diagonal. Magnitudes are calibrated to reϐlect the §3.3 mechanism inventory:

Receiver
Source A B C H

§3.3
mechanism

A (receives) — 0.30 0.30 0.50 (weak
reciprocal)

B (receives) 0.60 — 0.50 0.50 M2 (A→B), M3
(C→B), M4
(H→B)

C (receives) 1.00 1.00 — 0.40 M1 (ϐiscal
endogeneity,
A→C and B→C
strong)

H (receives) 0.80 0.00 0.80 — M2 (A→H), M3
(C→H)

All entries are non‑negative (contagion direction). The matrix is asymmetric — e.g., 𝑘𝐶𝐵 = 1.0 (B→C via ϐiscal
stabilisers, M1) exceeds 𝑘𝐵𝐶 = 0.5 (C→B via conϐidence, M3), reϐlecting that ϐiscal endogeneity is direct and
rapid while conϐidence transmission is slower. Noise amplitude 𝜎 = 0.10 is chosen to produce stationary PLDI
volatility comparable to post‑1990 Australian quarterly PLDI standard deviation in the safe regime.
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1.19.7.3 A.7.3 Bifurcation type: saddle‑node (transcritical), not Hopf Numerical computation of the
eigenvalues of 𝐽(𝜅) = −diag(𝛼) + 𝜅𝐾 across 𝜅 ∈ [0, 0.5] reveals the following stability structure:

• At 𝜅 = 0 (uncoupled), all four eigenvalues are real and negative (𝜆𝑖 = −𝛼𝑖); the four dimensions decay
independently with their respective time constants.

• As 𝜅 increases, the dominant eigenvalue of 𝐽(𝜅) rises along the real axis. At 𝜅𝑐 = 0.0445 (in units of 1 /
quarter), the dominant eigenvalue crosses zero on the real axis: 𝜆1(𝜅𝑐) = +0.0004 + 0.0000 𝑖.

• The remaining three eigenvalues at 𝜅𝑐 are 𝜆2,3,4 = (−0.082,−0.107,−0.162), all real and negative.
• The critical eigenvectorv1 at𝜅𝑐 has componentmagnitudes (|𝑣𝐴|, |𝑣𝐵|, |𝑣𝐶|, |𝑣𝐻|) = (0.27, 0.50, 1.00, 0.90)

after normalisation, indicating that the criticalmode is concentrated on the (C, H) dimensionswithweaker
A and intermediate B participation.

The bifurcation is therefore transcritical / saddle‑node, not Hopf. The economic interpretation is that the
safe equilibrium loses stability through a non‑oscillatory unstable mode loaded on the ϐiscal and household‑
debt dimensions, with monetary policy (A) playing a smaller role. This is consistent with §3.3 mechanism 1
(ϐiscal endogeneity) and mechanism 3 (conϐidence endogeneity) as the dominant transmission channels in the
linearised system.
Why saddle‑node and not Hopf? The matrix 𝐾 has eigenvalue spectrum {+1.62, −0.33, −0.65 ± 0.30 𝑖}. The
real dominant eigenvalue+1.62 exceeds themagnitude of the complex conjugate pair (|−0.65 ± 0.30 𝑖| = 0.71);
consequently the bifurcation of 𝐽(𝜅) at 𝜅𝑐 is governed by the real branch, producing a saddle‑node. A Hopf bifur‑
cation in this frameworkwould require the couplingmatrix to be dominantly anti‑symmetric (skew‑symmetric),
corresponding economically to inhibitory / negative‑feedback policy‑response channels— for example, aggres‑
sive countercyclical RBA action that overshoots, producing oscillatory dynamics around a deterioratingmacroe‑
conomic conϐiguration. The baseline 𝐾 above reϐlects pure stress contagion (all 𝑘𝑖𝑗 ≥ 0), which is the empiri‑
cally natural speciϐication under passive policy and produces a saddle‑node bifurcation.
This ϐinding aligns with the empirical macroeconomic literature on credit cycles. Schularick and Taylor (2012)
document credit cycles exhibiting slow buildup phases (5–10 years) followed by discontinuous crisis tipping
points — the dynamical signature of a saddle‑node bifurcation. Hopf dynamics would predict approximately
periodic oscillatory crises with characteristic frequencies, which the historical record does not support. We also
note that Kuramoto’s original synchronisation bifurcation in the mean‑ϐield oscillator model is transcritical in
the order parameter (Kuramoto 1975, 1984; Strogatz 2000 review), not a Hopf bifurcation of the individual
oscillator phases. Our ϐinding is therefore the natural analog of the Kuramoto synchronisation transition for the
macroeconomic ABCH state vector.

1.19.7.4 A.7.4 Stochastic phase transition: illustrative correspondence with the PLDI Talon Thresh‑
old The linearised stability analysis above identiϐies 𝜅𝑐 as a feature of the calibrated deterministic system
(the coupling matrix is speciϐied from the §3.3 mechanism inventory, not estimated; see the explicit illustrative‑
calibration disclosure in §A.7.6). To illustrate the qualitative correspondence between 𝜅𝑐 and the empirical PLDI
Talon Threshold, we run Monte Carlo simulations of the stochastic version of the model (Euler‑Maruyama inte‑
gration with 𝑑𝑡 = 0.25 quarter, 𝜎 = 0.10 chosen to match the post‑1990 Australian quarterly PLDI standard
deviation, 𝑇 = 400 steps, 𝑁 = 200 paths per 𝜅), with 𝜅 scanned across [0.01, 1.5 𝜅𝑐]. The stationary distribu‑
tion of PLDI is summarised by the probability 𝑃(PLDI < 0.80) (Talon Threshold breach) and 𝑃(PLDI < 1.50)
(warning‑zone entry), as functions of 𝜅. The reader should treat the resulting numerical correspondence as il‑
lustrativequalitativeexposition, not as independent structural identiϐicationof theTalonThreshold: 𝜎 = 0.10
is selected to reproduce the very empirical moment (𝑃(PLDI < 0.80) ≈ empirical AUS rate) that the analysis
would otherwise be cited as explaining; treating §A.7.4 as conϐirmatory evidence for 0.80 would be circular.
The resulting bifurcation diagram (ϐigure: outputs/hopf_stochastic_pldi.png) exhibits a sharp phase tran‑
sition at 𝜅𝑐:

Regime 𝜅 mean PLDI 𝑃(PLDI < 0.80) 𝑃(PLDI < 1.50)
Sub‑critical 0.5 𝜅𝑐 = 0.0214 1.540 0.000 0.458
Near‑critical 𝜅𝑐 = 0.0445 1.578 0.055 0.528
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Regime 𝜅 mean PLDI 𝑃(PLDI < 0.80) 𝑃(PLDI < 1.50)
Super‑critical 1.5 𝜅𝑐 = 0.0668 (high‑variance,

linear‑model
artifact)

0.306 0.538

In the sub‑critical regime, the safe equilibrium is robust: noise‑induced ϐluctuations decay back to 𝑦∗ = 0, and
PLDI never falls below 0.80 in 200 simulated paths × 100 simulated years. Approximately half the time PLDI is
in the warning zone (PLDI < 1.50), reϐlecting symmetric noise around the baseline PLDI∗ = 1.50.
Near the critical coupling 𝜅𝑐 , the safe equilibrium becomes marginally stable: 𝑃(PLDI < 0.80) rises from 0 to
5.5%, indicating the onset of vulnerability — stochastic perturbations can occasionally push the system below
the Talon Threshold and the system takes longer to recover.
In the super‑critical regime (𝜅 > 𝜅𝑐), the safe equilibrium is unstable along the critical mode, and 𝑃(PLDI <
0.80) rises to 30.6%. Trajectories along the unstable mode produce frequent excursions into the crisis zone.
(The mean PLDI in this regime is a linear‑model artifact — without nonlinear saturation, unstable trajectories
grow unboundedly until clipped numerically; only the lower‑tail probability 𝑃(PLDI < 0.80) is interpretable as
a stationary feature.)
The qualitative ϐinding under the chosen illustrative calibration is robust: 𝑃(PLDI < 0.80) undergoes a sharp
transition across 𝜅𝑐 , rising approximately 6‑fold from sub‑ to super‑critical. We emphasise that this is concep‑
tual exposition, not structural support: the §A.7 parameters are calibrated to (or speciϐied consistent with)
§3.3 magnitudes and post‑1990 empirical moments rather than econometrically estimated. The empirical case
for the TalonThreshold = 0.80 calibration rests on the §A.4 panel evidence (21.35× crisis lift, joint OOSAUC0.84–
0.85), the §13.3 (b) panel‑wide converse test (breach_count dose‑response 0%/2.9%/6.8%/9.4%/23.5%), and
the §6.5a 17‑country panel local‑projections analysis—not on §A.7. The §A.7 numerical bifurcation is offered as
a mathematical demonstration that a coupled ABCH ODE system can produce a phase‑transition‑like structure
near an empirically‑identiϐied threshold under one reasonable calibration; data‑driven estimation of the cou‑
pling matrix and noise amplitude via panel VAR / TVP‑VAR is identiϐied as future research (independent paper)
rather than as a planned §A.7 extension.

1.19.7.5 A.7.5 Critical mode interpretation The critical eigenvector at 𝜅𝑐 has component magnitudes
(0.27, 0.50, 1.00, 0.90) on (𝐴, 𝐵, 𝐶, 𝐻)—concentrated on the ϐiscal (C) and household‑debt (H) dimensions, con‑
sistent with §3.3 mechanism 1 (ϐiscal endogeneity via B→C, A→C) and mechanism 3 (conϐidence endogeneity
via C→H) as dominant contagion receivers; the inϐlation (A) dimension serves primarily as transmission source
rather than receiver. The quantitative comparison to the empirical Australian PLDI trajectory (PLDI = 1.16 in
2026‑Q1, dimensional ordering𝐻 > 𝐶 ≫ 𝐵 > 𝐴 per §8.1 and §8.3) is deferred to §A.7.8.

1.19.7.6 A.7.6 Caveats and limitations Five caveats are essential:
1. Linearisation. The model is linearised about 𝑦∗ = 0; far‑from‑equilibrium dynamics (e.g., Greek‑2010

trajectories with PLDI = 0.05) require nonlinear extensions with saturating boundaries and potentially
additional ϐixed points (crisis attractors). Partial closure is provided in §A.7.9.

2. Illustrative calibration. The parameters (𝛼𝑖 , 𝐾) are not estimated from data; speciϐic numerical values of
𝜅𝑐 = 0.0445 and 𝑃(PLDI < 0.80) levels should not be over‑interpreted. The qualitative ϐinding (saddle‑
node bifurcation with stochastic phase transition near 𝜅𝑐) is robust to moderate re‑calibration; quantita‑
tive magnitudes are not.

3. Single‑equilibrium structure. The model has only one equilibrium (𝑦∗ = 0, safe state). A more realistic
model would have multiple equilibria including crisis attractors, with the bifurcation analysed as basin‑
transition rather than equilibrium‑loss. This is a future extension, sharpened by the empirical mismatch
documented in §A.7.9.
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4. No structural identiϔication. This appendix is demonstrative, not econometric. Quantitative structural
identiϐication would require either (i) estimating 𝛼𝑖 and𝐾 from cross‑country panel covariance (e.g., DCC‑
GARCH on the ABCH state series), or (ii) calibrating 𝜅 from observed PLDI volatility, neither attempted
here.

5. Hopf alternative. A Hopf bifurcation would emerge if 𝐾 had dominantly anti‑symmetric structure
(negative‑feedback channels) — economically defensible via RBA inϐlation‑targeting overshooting,
ϐiscal automatic stabilisers with negative components, or Mian‑Suϐi‑style credit‑demand oscillations. A
constructive demonstration that Hopf is achievable in the linear 4‑D framework is provided in §A.7.7;
an extension with explicit policy‑response and demand‑feedback channels producing mixed Hopf +
saddle‑node bifurcations is identiϐied as a future research direction.

1.19.7.7 A.7.7 Bifurcation type sensitivity: a Hopf demonstration under engineered alternative cou‑
pling The §A.7.3 ϐinding that the natural §3.3‑derived coupling produces a saddle‑node bifurcation invites the
question of whether Hopf bifurcation is mathematically achievable within the linear 4‑D ABCH framework, or
whether it is structurally excluded. This sub‑section provides an explicit demonstration that Hopf is achievable
under coupling matrices with engineered anti‑symmetric structure plus positive diagonal ampliϐication.
Consider the alternative block‑diagonal coupling:

𝐾Hopf = ൮
+0.5 +1.0 0 0
−1.0 +0.5 0 0
0 0 +0.5 +1.0
0 0 −1.0 +0.5

൲ .

Each 2 × 2 block has eigenvalues 0.5±1.0𝑖—complex with positive real part. Consequently 𝐽(𝜅) = −diag(𝛼)+
𝜅𝐾Hopf, with uniform𝛼 = 0.10, has eigenvalueswith real part−0.10+0.5𝜅 and imaginary part±𝜅. The complex
conjugate pair crosses the imaginary axis at 𝜅Hopf

𝑐 = 𝛼/0.5 = 0.20, with critical eigenvalue 0.00 ± 0.20𝑖 — the
deϐining signature of aHopf bifurcation (numerical veriϐication: script 61_alternative_K_hopf.py conϐirms
𝜅Hopf
𝑐 = 0.2000 exactly, with critical eigenvalue+0.0000 ± 0.2000𝑖).

The economic interpretation of 𝐾Hopf is more demanding than the baseline contagion 𝐾:
• The block‑diagonal structure pairs (A, B) and (C, H) as decoupled oscillator pairs — economically, this

would correspond to inϐlation‑unemployment dynamics that operate independently of ϐiscal‑household
dynamics, which is a strong simpliϐication.

• The positive diagonal entries (+0.5) reϐlect intrinsic ampliϐication within each dimension — for example,
debt accumulation that accelerates under declining real rates (H ampliϐication) or wage‑price spirals (A
ampliϐication). This is positive feedback within each dimension beyond what passive macroeconomic
dynamics produce, requiring policy‑ or expectations‑driven ampliϐication.

• The off‑diagonal anti‑symmetric entries (+1.0/ − 1.0) reϐlect oscillatory coupling — for example, inϐla‑
tion surprises lead to monetary tightening that overshoots and causes unemployment, which reverses
inϐlation expectations, restarting the cycle. This is the dynamical signature of negative‑feedback policy
responses that overshoot equilibrium.

Stochastic Monte Carlo simulation under 𝐾Hopf yields 𝑃(PLDI < 0.80) = 0% (sub‑critical), 10.8% (at criti‑
cal), and 27.2% (super‑critical at 1.5𝜅𝑐) — qualitatively similar to the baseline saddle‑node phase transition
(cf. §A.7.4), but at a higher absolute coupling intensity (𝜅Hopf

𝑐 = 0.20 vs 𝜅baseline
𝑐 = 0.0445). The shape of the

probability transition is sharper under Hopf because the oscillatory unstable mode produces larger PLDI excur‑
sions per unit coupling intensity beyond 𝜅𝑐 .
Implication: The 4‑D linear ABCH framework supports both bifurcation types, and the realised bifurcation
type is an empirical question about the structure of 𝐾. Under pure stress contagion (baseline §3.3 calibration
with all 𝑘𝑖𝑗 ≥ 0), the system exhibits saddle‑node dynamics — tipping‑point crises with slow buildup. Under
amplifying anti‑symmetric coupling (negative‑feedback policy overshooting, internal positive feedback within
dimensions), the system exhibits Hopf dynamics — oscillatory boom‑bust cycles. Real‑world macroeconomic
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dynamics likely combine both: pure contagion in the baseline regime, with Hopf‑like overshooting near crisis
transitions. Structural identiϐication of the bifurcation type from observed dynamics is a subsequent research
direction.

1.19.7.8 A.7.8 Empirical Australian PLDI versusmodel trajectory comparison To anchor the otherwise
abstract bifurcation analysis to observed dynamics, we compare the §3.3‑derived baselinemodel simulations to
the empirical Australian PLDI trajectory 1977‑Q4 through 2025‑Q3 (192 quarters total; 147 quarters with non‑
missing PLDI per the §8.1 series). Empirical PLDI uses the full‑sample formula (§4 calibration A), consistent
with the §8.1 reported time series.
Summary statistics comparison:

Series n mean std ACF(1) P(<0.80) P(<1.50)
AUS
empirical
1977‑2025

147 1.10 0.49 0.95 0.33 0.74

Model
sub‑critical
(0.5 κ_c)

38,400 1.53 0.27 0.99 0.00 0.49

Model
near‑critical
(κ_c)

38,400 1.55 0.52 0.99 0.02 0.54

Model super‑
critical (1.3
κ_c)

38,400 1.79 1.28 0.99 0.12 0.50

Three observations:
1. Empirical volatility matches the at‑critical model regime. Empirical PLDI standard deviation (0.49) is clos‑

est to the at‑criticalmodel std (0.52), with sub‑critical (0.27) tooquiet and super‑critical (1.28) too volatile.
This suggests Australian macro dynamics over 1977‑2025 operate at approximately 𝜅 ≈ 𝜅𝑐 — a coupling
intensity near the structural bifurcation point.

2. Empirical baseline is shifted downward from the model equilibrium. Empirical mean (1.10) is below the
model PLDI* = 1.5 (§3.2 warning‑safe boundary). This level shift indicates that Australianmacro state has
been chronically mildly stressed throughout the 1977‑2025 sample relative to the model’s reference
equilibrium. Consistent with the §8.1 narrative of recurring stress episodes (1980s inϐlation, 1990‑92 re‑
cession, 2007‑09 GFC, 2020‑22 pandemic + inϐlation), Australia has rarely sustained the four‑dimensional
“all‑safe” conϐiguration that the model treats as the baseline.

3. Empirical lower‑tail probability exceeds all model regimes. Empirical P(PLDI<0.80) = 32.7%, exceeding
even the super‑criticalmodel prediction (12.1%). The gap reϐlects two factors: (i) thedownward level shift
documented above (lower baseline means more density below the Talon Threshold), and (ii) sustained
crisis‑zone episodes longer than the linearisedmodel can producewithout nonlinear saturation. The §8.1
historical PLDI shows multi‑quarter stretches below 0.80 (notably 1990‑Q1 through 1993‑Q2 and 2020‑
Q1 through 2024‑Q4), which the linearised model treats as transient excursions.

Empirical autocorrelationACF(1) =0.954 is slightly below themodel values (0.985–0.992), indicating somewhat
less quarterly persistence empirically than themodel produces. This is consistentwith ϐinite‑sample ϐluctuation
around the AR(1) implied by 𝛼𝑖; the empirical and model values agree to within sampling error.
Interpretation. The empirical Australian PLDI dynamics are consistent with operation near the structural
critical coupling in the §A.7 model framework, with the qualitative volatility signature matching the at‑critical
model regime and the lower‑tail‑probability excess attributable to a downward level shift (chronic mild stress)
and sustained crisis‑zone episodes that the linearised model under‑represents. The match is qualitative not
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quantitative — the model parameters (𝛼, 𝐾) are illustrative not estimated, and the level shift indicates the
model’s PLDI* = 1.5 reference equilibrium is not the empirical AUS attractor.
This comparison provides an empirical anchor for the otherwise abstract bifurcation analysis: the framework’s
structural prediction (sharp phase transition at 𝜅𝑐 marking the loss of stability of the safe equilibrium) is con‑
sistent with the observation that empirical AUS PLDI volatility, persistence, and crisis‑frequency are all in the
regime the model places near 𝜅𝑐 — i.e., the empirical macro coupling is at the structural threshold rather than
safely sub‑critical or pathologically super‑critical. The 32.7% empirical crisis‑zone occupancy is not driven
by hyper‑coupling but by chronic mild stress + occasional multi‑year crisis episodes — exactly the dynamical
regime the §3.3 Dual Breach Principle is designed to diagnose.

1.19.7.9 A.7.9 Nonlinear extension: bounded dynamics via cubic damping The §A.7.6 caveat 1 (lineari‑
sation valid only near 𝑦∗ = 0) is partially closed by extending the model with cubic damping:

𝑑𝑦𝑖
𝑑𝑡 = −𝛼𝑖 ൥ 𝑦𝑖 + ቆ 𝑦𝑖

𝐿sat
ቇ
3
൩ + 𝜅෍

𝑗≠𝑖
𝑘𝑖𝑗 𝑦𝑗 + 𝜎 𝜀𝑖(𝑡),

with saturation scale 𝐿sat = 1.0 (in log‑distance units, corresponding to a PLDI factor of approximately 𝑒1.0 ≈
2.7). The cubic term (𝑦𝑖/𝐿sat)3 has the same sign as 𝑦𝑖 , so it adds restoring force at large |𝑦𝑖| in addition to the
linear −𝛼𝑖𝑦𝑖 term. The full restoring force scales as −𝛼𝑦 for |𝑦| ≪ 𝐿sat and as −𝛼𝑦3/𝐿2sat for |𝑦| ≫ 𝐿sat. The
linearisation at 𝑦∗ = 0 is unchanged — the cubic term vanishes to leading order — so the bifurcation analysis
in §A.7.3–A.7.4 carries over: 𝜅𝑐 ≈ 0.045 remains the same.
StochasticMonte Carlo simulation of the nonlinearmodel under identical parameters (σ = 0.10, 200 paths × 100
simulated years per 𝜅) yields:

Regime 𝜅
NL
P(<0.80)

Linear
P(<0.80)

NL mean
PLDI

Linear
mean PLDI NL max|y|

Linear
max|y|

Sub‑
critical

0.022 0.000 0.000 1.53 1.54 0.73 0.81

Near‑
critical

0.044 0.000 0.026 1.57 1.64 0.80 0.98

Super‑
critical
(1.5 κ_c)

0.067 0.073 0.306 1.62 3.18 1.07 2.53

The comparison reveals three structural features:
1. Linearisation pathology removed. The linear‑model mean PLDI of 3.18 at super‑critical is a numerical arti‑

fact of |𝑦|‑clipping at 3.0— the linearmodel’s super‑critical regime has no stationary distributionwithout
the artiϐicial clip. Thenonlinearmodel’smeanPLDI1.62 in the same regime is the genuine stationary value,
with state amplitude self‑bounded at max|𝑦| ≈ 𝐿sat = 1.0. The linear model exceeds this bound and hits
the clip (max |𝑦| = 2.53 approaches the 3.0 clip).

2. Phase transition preserved but more gradual. The probability of Talon Threshold breach 𝑃(PLDI < 0.80)
still rises monotonically across 𝜅𝑐 in the nonlinear model (0.000 → 0.000 → 0.073), but the transition
is smoother than the linear model’s (0.000 → 0.026 → 0.306). The cubic damping bounds the unstable
mode amplitude, so the system spends most time near max|𝑦| ≈ 𝐿sat rather than reaching the artiϐicially
permitted extremes in the linear model. The structural support for the Talon Threshold (Talon Threshold
= 0.80 located near a sharp phase transition) becomes a weaker claim under the nonlinear extension; the
transition is real but smoother.

3. Empirical mismatch widens at super‑critical. With the linear model’s clipping artifact removed, the gap be‑
tween themodel’s super‑critical𝑃(PLDI < 0.80) = 7.3% and the empirical AUS𝑃(PLDI < 0.80) = 32.7%
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(§A.7.8) widens, not narrows. This is informative rather than discouraging: the nonlinear extension con‑
ϐirms that the single‑equilibriummodel with cubic‑bounded dynamics is insufϐicient to reproduce the em‑
pirical AUS crisis‑zone occupancy, even with super‑critical coupling and high noise. The empirical match
requires either (i) multi‑equilibrium structure with a crisis attractor pulling trajectories below the Talon
Threshold for extended periods (the §A.7.6 caveat 3 future extension), (ii) substantially smaller 𝐿sat allow‑
ing larger natural variation toward breach, or (iii) regime‑switching dynamics where 𝜅 itself varies over
time (e.g., elevated coupling during ϐinancial crises, lower during normal times).

The nonlinear extension thus closes §A.7.6 caveat 1 (linearisation valid only near equilibrium)while sharpening
the case for §A.7.6 caveat 3 (single‑equilibrium structure is insufϐicient). A multi‑equilibrium / crisis‑attractor
extension — formally, a double‑well or saddle‑node‑with‑asymmetric‑cubic model that admits both safe and
crisis stable ϐixed points— is identiϐied as the next‑priority future extension to bring themodel into quantitative
correspondence with the empirical AUS dynamics documented in §8.1.
Replication code: d3b_data/scripts/60_hopf_bifurcation.py (baseline saddle‑node), 61_alternative_K_hopf.py
(Hopf demonstration with engineered K), 62_empirical_vs_model.py (empirical AUS comparison),
63_nonlinear_extension.py (cubic‑damping nonlinear extension). Tabulated eigenvalue scans in
outputs/hopf_bifurcation_results.csv (baseline) and hopf_alt_K_results.csv (Hopf K); stochastic
simulation results in hopf_stochastic_pldi.csv, hopf_alt_K_stochastic.csv, emp_vs_model_stats.csv,
and nl_kappa_scan.csv; ϐigures in hopf_eigenvalues_vs_kappa.png, hopf_phase_portraits.png,
hopf_stochastic_pldi.png, hopf_alt_K_eigenvalues.png, hopf_alt_K_stochastic.png, emp_vs_model_overlay.png,
nl_vs_linear_overlay.png, and nl_pldi_trajectories.png.

1.20 Appendix B · Theoretical Derivation of 4‑dim ABCH
This appendix provides the full theoretical derivation that 4‑dimABCH is theminimumsufϐicient dimensionality
for advanced‑economy macro‑ϐinancial stability monitoring, complementing §3.1.2’s condensed summary. The
derivation proceeds from three independent theoretical traditions, each independently converging on the same
4‑dim ABCH choice through different theoretical entry points. The complete working‑draft version with full
citation density is preserved as supplementary documentation in draft_section_abch_derivation.md.

1.20.1 B.1 Brunnermeier‑Sannikov 2014macro‑ϐinance extension to 4‑dim ABCH

B.1.1 The BS 2014 canonical baseline. Brunnermeier and Sannikov (2014) “A Macroeconomic Model with
a Financial Sector” American Economic Review 104(2): 379‑421 establish the canonical 2‑dimensional macro‑
ϐinance coupling between asset price 𝑞 and intermediary leverage 𝜂, with the ϐinancial‑accelerator ampliϐication
mechanism operating through endogenous risk‑taking. From their working paper (Princeton scholar PDF p. 2):
“the system is characterized by asset price volatility that responds endogenously to the intermediary sector’s
leverage state—high leverage produces high ampliϐication of price shocks, which in turn affects future leverage
decisions through balance‑sheet constraints.”
B.1.2 Leverage decomposition 𝜂 → 𝐻 + 𝐶. The macro‑ϐinancial leverage state 𝜂 in BS 2014 is conceptually
aggregate; in operational application to advanced‑economy crisis monitoring, 𝜂 decomposes into two distinct
leverage stocks each carrying independent ϐirst‑order information about crisis vulnerability: household lever‑
age 𝐻 (household debt / GDP) and sovereign leverage 𝐶 (federal government debt / GDP). The decomposition
is theoretically motivated by Reinhart‑Reinhart‑Rogoff (2012) NBERWP 18015 “Public Debt Overhangs”, which
documents 26 high‑public‑debt episodes across 1800‑2010 showing signiϐicantly lower real GDP growth at debt
> 90% of GDP — sovereign leverage carries independent crisis‑vulnerability information beyond household‑
credit dynamics. The H‑C decomposition is therefore not a partition of the same underlying 𝜂 but two separate
state variables whose joint conϐiguration matters for crisis vulnerability.
B.1.3 Asset price as derivative of H + C, not independent dimension. The BS asset price 𝑞 is endogenous to
household‑balance‑sheet wealth (households hold real‑estate, equity, and bond claims as primary wealth com‑
ponents) and sovereign‑ϐiscal‑capacity (sovereign solvency affects valuation of all dollar‑denominated claims
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through expected‑future‑taxation discount rates). Asset‑price stress is therefore a derivative of H + C joint con‑
ϐiguration, not an independent dimension requiring separate tracking. Including asset price as a 5th dimension
would introduce conceptual co‑linearity with H + C, reducing identiϐication rather than enhancing it (per the
§B.4.4 alternative‑dimensions analysis).
B.1.4 Missing A and B dimensions: coupled macro‑state, not exogenous background. The BS 2014 model
simpliϐies the macro environment (steady inϐlation expectations, constant labor market) to maintain analyti‑
cal tractability of the ϐinancial‑accelerator mechanism. This simpliϐication is a modelling choice, not a substan‑
tive claim that A (inϐlation) and B (unemployment) are uncoupled from the ϐinancial‑stability state. Brunner‑
meier, Eisenbach, and Sannikov (2013) “Macroeconomics with Financial Frictions: A Survey” NBER WP 18102
explicitly endorse coupling extensions: §2.3 “Instability, Asymmetry, Non‑linear Effects and Volatility Dynam‑
ics” + §5.4 “Intermediaries’ Fragility” document the BS‑school recognition that macro‑ϐinancial fragility couples
to inϐlation expectations (high inϐlation depletes real‑asset values; deϐlation ampliϐies debt‑burden) and labor‑
market dynamics (employment collapse during crisis sacriϐices both real consumption and political support for
ϐiscal‑monetary backstops).
B.1.5 BS framework extension to 4‑dim ABCH. The complete BS‑derived ABCH 4‑dim therefore comprises
(i) household leverage H, (ii) sovereign leverage C, (iii) inϐlation‑expectations state A (coupled per BES 2013
§2.3), (iv) labor‑market state B (coupled per BES 2013 §5.4). Asset price 𝑞 is excluded as derivative of H+C;
corporate non‑ϐinancial debt is excluded as derivative of H+C exposure (per §B.4.1). The 4‑dim ABCH is the
natural BS‑school extension under coupled‑macro‑state interpretation. A fully derived BS‑class couplingmatrix
between A/B and H/C is identiϐied as ambitious future research direction; the present derivation establishes
minimum‑sufϐicient dimensionality, not the full coupling matrix.

1.20.2 B.2 Reinhart‑Rogoff 2009 6‑type taxonomy collapse to ABCH 4‑dim

B.2.1 RR 6 crisis types. Reinhart and Rogoff (2009) This Time is Different: Eight Centuries of Financial Folly
Princeton UP ch. 1 catalogue six canonical crisis types: (i) banking crisis, (ii) inϐlation crisis (including hyper‑
inϐlation), (iii) currency crash, (iv) external sovereign default, (v) domestic sovereign default, (vi) asset bubble
(housing‑price or equity‑price). Each is operationally distinguished by primary observable indicators (banking
→ bank failures + deposit insurance activation; inϐlation → CPI YoY > 20% threshold; currency → > 25% nomi‑
nal depreciation in 12m; external default → SIFMA default registry; domestic default → domestic‑currency debt
restructuring; asset bubble → real‑price ≥ 1.5× historical mean).
B.2.2Mapping6 types toABCH4‑dim. Each of the 6RR typesmaps toABCHprimary and secondarydrivers: (i)
banking crisis → H primary (household + corporate‑debt‑induced bank‑balance‑sheet distress) + C secondary
(Reinhart‑Rogoff 2008 AER “Aftermath of Financial Crises” documents ϐiscal‑burden cascade: average ~86%
increase in public debt over 3 years post‑banking‑crisis); (ii) inϐlation crisis→Adirectly; (iii) currency crash→C
derivative (sovereign external solvency manifesting in exchange‑rate price discovery for advanced economies);
(iv) external sovereign default → C primary; (v) domestic sovereign default → joint (C + H) outcome state —
sovereign default is not an independent dimension but a stress outcome when both C and H reach extreme
breach simultaneously (Reinhart‑Rogoff 2009 ch. 1 §1.5 explicitly notes the C‑H joint coupling for domestic
default); (vi) asset bubble → joint (H + C) leverage spanning — asset bubbles inϐlate both household balance
sheets (H side) and sovereign tax‑base expectations (C side), and bubble collapse propagates through both.
B.2.3 Currency and domestic default as derivative, not independent. Two RR types do not generate inde‑
pendent ABCH dimensions: (iii) currency crash is C‑channel derivative for advanced economies; (v) domestic
default is (C + H) joint outcome. Adding a 6‑dim variant with separate currency and domestic‑default dimen‑
sions would introduce conceptual co‑linearity with the existing ABCH dimensions, reducing identiϐication. For
emerging‑market application (out of present paper scope per §1.2), currency crash carries independent dynam‑
ics (sudden‑stop episodes per Calvo 1998) and 5‑dim extension to include currency dimension E is identiϐied as
future‑research extension axis (per §5.1 below and §14.5 of the paper main body).
B.2.4 B (unemployment) as ex‑ante leading indicator, not ex‑post sacriϐice only. Reinhart‑Rogoff 2009
narratives emphasize that all 6 crisis types generate substantial ex‑post unemployment surges (avg ~7 pp peak
unemployment increase perReinhart‑Rogoff 2008AER table 1). ThePLDI framework’s contribution is to elevate
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B from ex‑post sacriϐice indicator to ex‑ante leading variable: when B‑distance is already low (e.g., labor mar‑
ket near full employment), the framework signals limited B‑side absorption capacity for any future stress event.
This ex‑ante framing is consistentwith §11 case base evidencewhere B‑channel dynamics are bidirectional (pre‑
served by Rudd 2009 ϐiscal stimulus, sacriϐiced by Greek 2010‑12 austerity), establishing B as a policy‑sensitive
coupled dimension not derivative of any other.

1.20.3 B.3 Schularick‑Taylor 2012 + Reinhart‑Reinhart‑Rogoff empirical necessity

B.3.1 ST 2012 credit cycle dominance. Schularick and Taylor (2012) “Credit Booms Gone Bust” American Eco‑
nomic Review 102(2): 1029‑1061 (alsoNBERWP15512) establish empirically across the 14‑country / 140‑year
Jordà‑Schularick‑Taylor sample that credit‑aggregate growth is the dominant predictor of subsequent banking
crisis. From NBER WP 15512 p. 3: “Lagged credit growth turns out to be highly signiϐicant as a predictor of
ϐinancial crises, but the addition of other variables adds very little explanatory power.” Their credit aggregate
is dominantly bank‑lending‑to‑household‑and‑non‑ϐinancial‑corporate (ST 2012 NBER WP p. 4 “Total lending
or bank loans”), which maps to PLDI’s H dimension in modern advanced economies where household credit
dominates the aggregate.
B.3.2 Public debt overhang andCnecessity. Reinhart‑Reinhart‑Rogoff (2012) extend the ST 2012 credit‑cycle
evidence with explicit public‑debt‑overhang documentation: 26 high‑debt episodes across 1800‑2010 show
that real GDP growth is materially lower (‑1.2 pp average) when public debt exceeds 90% of GDP, and high‑
debt episodes persist on average ~23 years. The C‑channel sovereign‑leverage necessity for crisis‑monitoring
is therefore independently established by Reinhart‑Reinhart‑Rogoff (2012) beyond the H‑channel credit‑cycle
dominance documented by ST 2012.
B.3.3 A and B necessity through paper §11 case base corroboration. The A and B dimensions are theoreti‑
cally motivated by §B.1.4 (BS coupling extension) and §B.2.4 (RR ex‑ante framing); their empirical necessity is
independently corroborated by the §11 case base. A as primary crisis‑binding dimension: §11.4 Volcker 1979‑
82 (CPI peak 14%), §11.5 Keating Australia 1988‑91 (CPI peak 8%), §11.11 Erdogan Turkey 2021‑2024 (CPI
peak 80%+), §11.13a BoC 2022‑23 (CPI peak 8.1%). B as bidirectionally policy‑sensitive dimension: §11.5 Keat‑
ing (B sacriϐiced to 11%), §11.6 Rudd 2009 (B preserved at 5.8% via ϐiscal stimulus), §11.7 Greek 2010‑12 (B
sacriϐiced to 27.5% via austerity), §11.13a‑e Canada Phase 3 (B response heterogeneous across BoC tightening
cycles).
B.3.4Methodological caveat on§11 cross‑references (non‑circularity). The §11 empirical cases serve as in‑
dependent corroboration of the theoretically‑derived A‑channel and B‑channel necessity, not as circular proof
of the framework. The theoretical derivation (§B.1‑§B.2) establishes ABCH 4‑dim as the minimum sufϐicient
dimensionality under BS‑school coupling extension and RR 6‑type taxonomy collapse, with A and B mathemat‑
ically required to span macro‑ϐinancial coupling beyond H+C alone. The §11 case base independently exhibits
the predicted A‑channel and B‑channel dynamics that the theoretical derivation requires (Greek 2010‑12 simul‑
taneous A‑falling + B‑rising; Erdogan 2021‑24 A‑exploding + B‑stable; Rudd 2009 B‑preserved without Phillips
trade‑off; Volcker 1979‑82 A‑resolution + B‑sacriϐice). The §11 cases would be circular only if used to derive
the ABCH dimensionality choice; they are not so used. They validate the prediction of the BS‑RR‑ST derivation
under speciϐic policy interventions in case histories. This independence is the same independence Schularick‑
Taylor (2012) themselves rely on when their 14‑country / 140‑year empirical evidence is used to validate but
not derive the credit‑stress hypothesis.
B.3.5 Three independent derivations converge on 4‑dim ABCH. The three traditions (BSmacro‑ϐinance cou‑
pling + RR 6‑type taxonomy + ST empirical credit cycle) independently converge on the same 4‑dim ABCH di‑
mensionality through different theoretical entry points. This convergence — three traditions, different entry
points, same dimensional choice — is the ϐirst‑principle theoretical foundation referenced from §3.1.2 in the
paper main body.

1.20.4 B.4 Counter‑argument response (full treatment)

B.4.1 “Why not 5‑dim including corporate non‑ϐinancial debt?” — Corporate non‑ϐinancial debt is a deriva‑
tive of joint (H + C) exposure under two transmission channels: (i) households own corporate equity as pri‑
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mary wealth claim (e.g., US households 2024 ~38% of corporate equity directly or via mutual funds; Australian
households via superannuation); corporate‑balance‑sheet stress propagates to H through equity‑wealth losses.
(ii) Sovereigns implicitly or explicitly guarantee corporate‑debt backstops (TARP 2008‑9 USD 700B; ECB OMT
2012; BoE corporate‑bond facility 2020); corporate‑debt stress propagates to C through contingent‑liability re‑
alization. ST2012 empirically establishes that corporate‑credit addition to the household‑credit predictor “adds
very little explanatory power” (NBER WP 15512 p. 3 abstract; Table 3 robust to corporate‑credit inclusion). A
5‑dimABCH+D corporate‑debt variantwould double‑count this exposure, introducing redundant predictor vari‑
ance.
Honest acknowledgment: the Japan‑1990 retrospective + Asia‑1997 retrospective episodes involve corporate‑
leverage‑heavy crisis conϐigurationswhere the 4‑dimH+C framework provides less granular signal than a 5‑dim
variant would for country‑period‑speciϐic applications. The 4‑dim sufϐiciency for advanced economies post‑
1990 is therefore empirical and country‑period‑conditional, not a universal claim. The paper §1.2 advanced‑
economy scope mitigates this; future country‑period‑speciϐic PLDI variants (Japan / Korea / Taiwan / Asia his‑
torical retrospective applications) may legitimately add a corporate‑debt dimension D and are out of present
paper scope.
B.4.2 “Why not 6‑dim including currency crash and domestic default?” — Currency crash is C‑channel
derivative for advanced economies (sovereign external solvency manifesting in exchange‑rate price discovery,
not an independent dimension). Domestic default is (C + H) joint outcome state, not an independent dimen‑
sion. The 6‑dim variant would conceptually correlate currency‑dim with C‑dim and domestic‑default‑dim with
the (C, H) pair, introducing co‑linearity that reduces identiϐication rather than enhancing it. Emerging‑market
application (out of present paper scope per §1.2) requires conditional 5‑dim extension to include independent
currency‑crash dynamics (sudden‑stop episodes per Calvo 1998 Argentina‑Turkey‑Brazil case histories where
currency dynamics carry independent ϐirst‑order information beyond C‑channel sovereign external solvency).
This is identiϐied as future‑research extension axis (per §5.1 below and §14.5 of paper main body).
B.4.3 “Is B (unemployment) a Phillips Curve derivative of A (inϐlation)?” — No. Three §11 cases empiri‑
cally refute the Phillips Curve reductive interpretation: (i) §11.7 Greek austerity 2010‑12 exhibits simultaneous
A‑falling (deϐlation, CPI ‑2.0%) + B‑rising (unemployment 27.5%), violating the negative‑slope Phillips trade‑
off; (ii) §11.11 Erdogan Turkey 2021‑24 exhibits A‑exploding (CPI 80%+) + B‑stable (unemployment 9‑12%
throughout), inconsistent with accelerationist Phillips Curve which predicts unemployment falling as inϐlation
accelerates; (iii) §11.6 Rudd Australia 2009 preserves B at 5.8%peak (vs US 10.0%)without Phillips trade‑off—
B‑preservation through countercyclical ϐiscal stimulus is decoupled from A‑channel dynamics. Modern Phillips
Curve ϐlattening literature (Mallick 2024; Bishop and Greenland 2021 RBA Bulletin) further corroborates the
empirical decoupling of A and B in advanced economies post‑1990.
B.4.4 Other possible additional dimensions (asset price / FCI / capital ϐlow). (i) Asset price is derivative
of (H + C) per §B.1.3 — including as 5th dimension introduces conceptual co‑linearity. (ii) Financial Conditions
Index (FCI; e.g., Borio FCI; Goldman Sachs FCI) is a composite of asset price + credit spread + exchange rate +
interest rate variables, all derivative of underlying ABCH state variables— including FCI as 5th dimensionwould
double‑count. (iii) Capital ϐlowdata (BIS cross‑border banking statistics) is informative for emerging‑market cri‑
sis monitoring but does not add independent crisis‑vulnerability signal for advanced economies where capital‑
ϐlow dynamics are dominantly intra‑EU intra‑FX‑bloc — including as 5th dimension carries low marginal in‑
formation for advanced‑economy scope. All three are excluded from 4‑dim ABCH on parsimony‑vs‑empirical‑
content trade‑off grounds (per §B.5.2).

1.20.5 B.5 4‑dim ABCH as minimum sufϐicient: scope and extension axes

B.5.1 4 is minimum, not ϐixed: principled extension axes. The argument of §B.1‑§B.4 is that 4‑dim ABCH is
the minimum sufϐicient dimensionality for the advanced‑economy macro‑ϐinancial stability monitoring task. It
is not ϔixed — conditional extensions are legitimate for speciϐic country‑period applications:
For advanced economies (the paper’s primary application scope per §1.2), 4‑dim ABCH is empirically sufϐicient
as demonstrated by the §11.4‑§11.13 case base (14/15 hit rate at ≥ 2/3 partial‑consistent threshold). Emerging‑
market extension to 5‑dim including currency dimension E is conditional on EM‑speciϐic currency‑crisis dynam‑
ics not fully captured by the C‑channel sovereign external solvency signal alone (sudden‑stop episodes per Calvo
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1998). The 4‑dim sufϐiciency for advanced economies and the 5‑dim conditionality for emerging markets are
not contradictory but reϐlect different macro‑ϐinancial structural regimes.
Other conditional extension axes: ‑ Corporate‑leverage‑heavy applications: adding corporate non‑ϐinancial debt
dimension D for country‑periods where corporate leverage materially exceeds household leverage (Japan 1990
retrospective; Asian Crisis 1997 retrospective; possible future Korea / Taiwan applications). ‑ Forward‑looking
high‑frequency overlay: combining PLDI 4‑dim with FCI / FSI as a high‑frequency overlay for trading / market‑
monitoring applications, distinct from the macro‑stability monitoring application that is PLDI’s stated scope.
These extensions are additive and do not invalidate the 4‑dim core. The PLDI geometric mean aggregation (§3.2
of paper main body) is dimension‑extensible: PLDI = (𝑑1 ⋅ 𝑑2⋯𝑑𝑛)1/𝑛 for any 𝑛 ≥ 2; the 4‑dim ABCH choice is
a parsimony‑and‑empirical‑scope decision, not an architectural ceiling.
B.5.2 4‑dim Pareto frontier: empirical‑vs‑conceptual trade‑off. The choice of 4 speciϐically reϐlects a Pareto
frontier between empirical operability (each PLDI dimension must be measurable at quarterly or higher fre‑
quency by ofϐicial statistical agencies, interpretable to policy practitioners and academic readers, calibrate‑able
with country‑speciϐic threshold and sigma estimates) and conceptual content (each dimension must carry inde‑
pendent ϐirst‑order information about crisis vulnerability not redundantly capturedbyother dimensions). The4
ABCH dimensions satisfy both desiderata across all 33 D3b panel countries. Adding a 5th dimension (e.g., corpo‑
rate debt) requires additional data collection and threshold calibration; adding a 6th dimension (e.g., currency)
requires deϐining “currency crash” thresholds not consensus‑deϐined for non‑EMeconomies. Themarginal oper‑
ational cost rises sharply with each added dimension while marginal conceptual content declines (per ST 2012
corporate‑credit redundancy + §B.4.4 alternative dimensions analysis).
B.5.3 PLDI geometric mean invariance under dimension addition. The PLDI aggregation function is
dimension‑extensible: PLDI(𝑛)(𝑡) = (𝑑1(𝑡) ⋅ 𝑑2(𝑡)⋯𝑑𝑛(𝑡))1/𝑛 for any 𝑛 ≥ 2. The geometric mean’s properties
(AM‑GM inequality; sensitivity to minimum; bounded by minimum) are preserved under dimension addition.
The §A.1‑§A.2 mathematical‑derivation propositions on PLDI properties extend to higher‑dimensional vari‑
ants without modiϐication. The 4‑dim ABCH choice is therefore not a hard‑coded architectural ceiling but a
scope‑conditional sufϐiciency claim: future scope‑extended variants can add dimensions while preserving all
theoretical guarantees.

The full working‑draft version with extended derivations, additional citation density, and Open Questions re‑
solved by Talon review (2026‑05‑12 v0.10.10 amendment) is preserved as supplementary documentation in
draft_section_abch_derivation.md. The §3.1.2 condensed summary in the paper main body provides the
operational entry point for reviewers; this Appendix B provides the full theoretical foundation; the supplemen‑
tary draft preserves the full source‑quotation traceability.

1.21 Appendix C · Data Sources and Cleaning
1.21.1 C.1 CPI (Dimension A)

• Source: ABS Catalogue 6401.0
• Frequency: Quarterly
• Series: Index Numbers, All Groups CPI, Australia, Original (Series ID A2325847F)
• Coverage: 1948‑Q3 to 2026‑Q1
• Computation: YoY % change = (CPI_t / CPI_{t‑4} − 1) × 100
• Cleaning: Quarterly observations used directly; no seasonal adjustment applied to YoY % change

1.21.2 C.2 Unemployment (Dimension B)

• Source: ABS Catalogue 6202.0, Series ID A84423050A
• Frequency: Monthly, quarter‑end value used
• Coverage: 1978‑Q1 to 2026‑Q1
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• Pre‑1978: extension using OECD harmonized unemployment series (FRED LRHUTTTTAUQ156S)

1.21.3 C.3 Federal Net Debt (Dimension C)

• Sources: Treasury Budget Papers (Statement 7, Net Debt, annual), ABS GFS (5512.0, quarterly)
• Coverage: 1970 onwards (annual), 2000 onwards (quarterly)
• Pre‑2000: Quarterly interpolation using cubic spline; annual values veriϐied against Treasury historical

statistics
• Computation: Net debt as percent of GDP, where GDP is current price seasonally adjusted

1.21.4 C.4 Household Debt (Dimension H)

• Source: BIS Total Credit Statistics, “Credit to households and NPISHs from all sectors at market value, %
of GDP, Australia”

• Frequency: Quarterly
• Coverage: 1977‑Q1 to 2025‑Q3
• Cross‑validation: RBA Statistical Tables E2

1.21.5 C.5 Replication

A complete replication ϐile with all data, calculations, and code will be made available through SSRN.

1.21.6 C.6 Canada P3 application data sources (v0.10.15)

The Canada P3 application introduced in §2.4b / §7’.2 / §7’.4 / §8’.3 / §10’ / §13.8 uses the following Canadian
data sources, all canonical and matching the §C.3 federal‑only Public‑Accounts‑basis convention adopted for
Australia. Full Phase 1 acquisition audit in d3b_data/outputs/canada_p3_phase1_audit.md; PLDI computa‑
tion audit in canada_p3_phase2_audit.md.

1.21.6.1 C.6.1 Canada CPI (Dimension A)

• Source: Statistics Canada Table 18‑10‑0004‑01 (CPI, monthly, not seasonally adjusted, all‑items 2002
base)

• Frequency: Monthly, end‑of‑quarter value used
• Coverage: 1914‑M1 to 2026‑M3 (full historical sample for Cal B P95/P5 anchor)
• Computation: YoY % change = (CPI_t / CPI_{t‑12} − 1) × 100
• Cross‑validation: BoC Selected Time Series via CANSIM v41690914

1.21.6.2 C.6.2 Canada Unemployment (Dimension B)

• Primary source: Statistics Canada Table 14‑10‑0287‑01 (Labour Force Survey, monthly seasonally ad‑
justed, 15+ population)

• Coverage: 1976‑M1 to 2026‑M3
• Pre‑1976 extension: FRED OECD LRHUTTTTCAM156S (Canadian quarterly harmonized unemployment,

1955‑Q1 onward)
• Cross‑validation: BoC Selected Time Series; OECD Main Economic Indicators

1.21.6.3 C.6.3 Canada Federal Net Debt (Dimension C, hybrid series)

• Primary source for full coverage: Finance Canada Annual Financial Report (AFR) Fiscal Reference Tables
(FRT) Table 15 (Federal Accumulated Deϐicit closing balances, Public‑Accounts basis), annual

• Coverage: FY 1966‑67 onward (annual); broadcast to quarterly via even‑distribution within ϐiscal year
• Quarterly NA‑basis cross‑validation: Statistics Canada Table 38‑10‑0237‑01 (Quarterly Government Sec‑

tor Financial Accounts, federal gross debt, 1990‑Q1 onward)
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• Convention: Hybrid C series uses FRT PA‑basis closing balances (1966+ annual broadcast) for the full
sample, matching the §C.3 Australia Treasury Statement 7 federal‑only net‑debt convention. NA‑quarterly
is reported as robustness comparator in canada_p3_phase2_audit.md Section 8 (gap~1.4%over shared
1990‑2025 window).

• Vintage pin: 2026‑05‑12; AFR FRT 2025 release

1.21.6.4 C.6.4 Canada Household Debt (Dimension H)

• Source: BIS Total Credit Statistics, “Credit to households and NPISHs from all sectors at market value, %
of GDP, Canada”, series Q:CA:H:A:M:770:A

• Frequency: Quarterly
• Coverage: 1969‑Q1 to 2024‑Q3
• Cross‑validation: Statistics Canada Table 36‑10‑0580‑01 (Quarterly Financial Indicators, household

credit‑market debt to disposable income); BoC Financial System Hub household‑debt aggregates

1.21.6.5 C.6.5 Replication of the Canada P3 application Phase 1 data acquisition scripts, Phase 2 PLDI
computation pipeline (Cal A / Cal B / PLDI_pr), Phase 3 PPLE bootstrap pipelines (canada_pple_bootstrap.py
+CalA re‑runcanada_pple_bootstrap_calA.py), andPhase4 chart‑generation scripts (canada_pldi_projection.py,
canada_sequenced_demolition.py) are documented in d3b_data/outputs/canada_p3_phase1_audit.md
(Phase1) +canada_p3_phase1_5_audit.md (Phase1.5 §11.13 reconciliation) +canada_p3_phase2_audit.md
(Phase 2 PLDI) + canada_p3_phase3_audit.md (Phase 3 PPLE) + canada_p3_phase5_audit.md (Phase 5 pa‑
per integration). CalB threshold and sigmaparametersused in§7’.2 arepinned ind3b_data/computed/canada_pldi_calB_thresholds.json
(vintage 2026‑05‑12).

1.22 Appendix D · Historical Cases: Detailed Panel Data
1.22.1 D.1 Methodology Note

For each case, we report the four‑dimensional state (A, B, C, H) at three reference points: ‑ t − 8 (8 quarters
before dual breach): pre‑stress baseline ‑ t (dual breach quarter): the conϐiguration at which two dimensions
simultaneously exceed thresholds ‑ t + 8 (8 quarters after): trajectory of remaining dimensions
For dimensions where quarterly data is unavailable for older cases, we report annual values with caveat.
Crisis thresholds applied are country‑speciϐic (calibration §5.3): each country’s historical 95th percentile (for
upper thresholds and B/C/H) and 5th percentile (for τ_A_lower in deϐlation‑prone cases), computed over the
30 years preceding the candidate breach.
Note on A‑dimension breach interpretation: With the corrected two‑sided A formula (§3.1), an “A breach”
can occur from either high inϐlation (A > τ_A_upper) or deϐlation (A < τ_A_lower). Cases with deϐlationary A
breaches—Case 2 (US 1929‑32), Case 6 (Ireland 2009), Case 7 (Spain 2009 mild deϐlation), Case 8 (Portugal
2012 in subsequent years), andCase5 (Greece2013post‑crisis deϐlation)—arenowmathematically classiϐied as
A breaches via d_A_low → 0.01. Under the legacy single‑threshold formula, these cases were narratively ϐlagged
as “deϐlation breaches” in the case descriptions but were not captured by the d_A computation, creating an in‑
ternal inconsistency that the corrected formula resolves.
This appendix presents detailed panel data for the original 12 cases. Quarterly panel construction for the ad‑
ditional 18 cases identiϐied in §5.2 follows identical methodology and is forthcoming in supplementary online
materials (§D.5).

1.22.2 D.2 Case‑by‑Case Panel (Original 12 Cases)

1.22.2.1 Case 1 · Australia 1989‑1992 (A + B initial breach)
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Quarter A (CPI YoY) B (Unemp.) C (Net Debt %GDP) H (HH Debt %GDP)
1988‑Q4 7.2% 6.2% 4% 32%
1990‑Q4 6.9% � 8.4% � 5% 35%
1992‑Q4 0.3% 11.0% 11% 38%

Convergence: C warning by t+24; H warning by t+18 �

1.22.2.2 Case 2 · United States 1929‑1932 (A deϐlationary + B initial breach)

Year A (CPI) B (Unemp.) C (Fed Debt %GDP) H (HH Debt)
1928 ‑1.7% 3.2% 16% ~50%
1930 ‑2.3% � 8.7% � 17% ~55%
1932 ‑10.3% 23.6% 33% ~60%

Convergence: C full breach by t+10; H warning by t+12 �

1.22.2.3 Case 3 · United States 1973‑1975 (A + B initial breach)

Quarter A (CPI YoY) B (Unemp.) C (Fed Net Debt) H (HH Debt)
1972‑Q4 3.4% 5.2% 33% 65%
1974‑Q4 12.3% � 6.6% � 33% 69%
1976‑Q4 5.1% 7.7% 36% 72%

Convergence: C warning by t+12; H warning by t+18 �

1.22.2.4 Case 4 · United States 2008‑2010 (H + C initial breach)

Quarter A (CPI YoY) B (Unemp.) C (Fed Debt %GDP) H (HH Debt %GDP)
2007‑Q4 4.0% 5.0% 64% 97%
2008‑Q4 0.1% 7.3% 76% � 97% �
2009‑Q4 2.7% 9.9% 88% 96%
2010‑Q4 1.5% 9.4% 95% 92%

Convergence: A warning by t+4; B full breach by t+10 �

1.22.2.5 Case 5 · Greece 2009‑2012 (A + C initial breach)

Year A (CPI) B (Unemp.) C (Public Debt) H (HH Debt)
2007 2.9% 8.3% 103% 50%
2009 4.7% � 9.6% 127% � 55%
2011 3.3% 17.9% 172% 65%
2013 ‑0.9% 27.5% 178% 60%

Convergence: B full breach by t+8; H warning by t+12 �
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1.22.2.6 Case 6 · Ireland 2008‑2011 (H + C initial breach)

Year A (CPI) B (Unemp.) C (Net Debt) H (HH Debt)
2007 4.9% 4.7% 24% 128%
2009 ‑1.7% 12.0% 44% � 130% �
2010 ‑1.6% 13.9% 87% 122%
2011 1.2% 14.7% 110% 110%

Convergence: A deϐlation breach by t+4; B full breach by t+8 �

1.22.2.7 Case 7 · Spain 2009‑2013 (H + B initial breach)

Year A (CPI) B (Unemp.) C (Net Debt) H (HH Debt)
2008 4.1% 11.3% 30% 84%
2009 ‑0.3% 17.9% � 36% 86% �
2010 1.8% 19.9% 47% 87%
2012 2.4% 24.8% 67% 84%

Convergence: A partial; C full breach by t+12; A in deϐlationary breach by t+15 �

1.22.2.8 Case 8 · Portugal 2010‑2013 (C + H initial breach)

Year A (CPI) B (Unemp.) C (Public Debt) H (HH Debt)
2008 2.6% 7.6% 71% 95%
2010 1.4% 10.8% 93% � 97% �
2011 3.7% � 12.7% 111% 96%
2012 2.8% 15.5% 124% 90%

Convergence: B full breach by t+10; H warning by t+18 �

1.22.2.9 Case 9 · Argentina 2018‑2020 (A + C initial breach)

Year A (CPI YoY) B (Unemp.) C (Net Debt) H (HH Debt)
2017 25.7% 7.9% 47% 11%
2018 47.6% � 9.2% 74% � 11%
2019 53.8% 9.8% 87% 10%
2020 42.0% 11.7% � 99% 9%

Convergence: B full breach by t+9; H indirect (FX/credit) �

1.22.2.10 Case 10 · Turkey 2021‑2023 (A + C initial breach)

Year A (CPI YoY) B (Unemp.) C (Net Debt) H (HH Debt)
2020 12.3% 13.2% 26% 17%
2021 19.6% � 12.0% 32% � 17%
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Year A (CPI YoY) B (Unemp.) C (Net Debt) H (HH Debt)
2022 72.3% 10.5% 28% 16%
2023 53.9% 9.4% 31% 15%

Convergence: B warning by t+8; H indirect via FX collapse �

1.22.2.11 Case 11 · South Korea 1997‑1999 (H + C initial breach)

Year A (CPI) B (Unemp.) C (Net Debt) H (HH Debt)
1996 4.9% 2.0% 11% 63%
1997‑Q4 4.5% 2.6% 13% � 65% �
1998 7.5% 7.0% � 27% 60%
1999 0.8% 6.3% 29% 65%

Convergence: A full breach by t+5; B full breach by t+3 �

1.22.2.12 Case 12 · Thailand 1997‑1999 (H + C initial breach)

Year A (CPI) B (Unemp.) C (Net Debt) H (HH Debt)
1996 5.8% 1.5% 19% 62%
1997‑Q3 5.6% 1.5% 22% � 66% �
1998 8.0% 3.4% � 51% 69%
1999 0.3% 3.4% 53% 67%

Convergence: A full breach by t+6; B full breach by t+8 �

1.22.3 D.3 Summary Statistics across Original 12 Cases

Convergence metric Cases satisfying
Both remaining dimensions reach warning zone (d <
1.0) within 24 months

12/12 = 100%

At least one remaining dimension reaches full breach
within 24 months

10/12 = 83%

Both remaining dimensions reach full breach within
24 months

8/12 = 67%

Average time to ϐirst warning‑zone convergence 8.7 quarters
Median time to ϐirst full breach convergence 12.0 quarters

1.22.4 D.4 Sample Limitations (Original 12 Cases)

• Cases 2 and 5‑8 use annual rather than quarterly data due to historical availability constraints
• Cases 9‑10 (Argentina 2018, Turkey 2021) have unusual H readings because emerging‑market household

debt is structurally lower than advanced‑economy benchmarks
• Cases 11‑12 (Korea, Thailand) involve coordinated Asian crisis response, raising questions about whether

dual breach causality runs through domestic mechanisms or contagion
• Country‑speciϐic threshold calibration means that “breach” deϐinition varies by country baseline
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1.22.5 D.5 Extension to 30 Cases

The 18 additional cases identiϐied in §5.2 (Sweden 1991, Finland 1991, Norway 1988, Mexico 1994, Russia 1998,
Brazil 1999, Brazil 2015, Indonesia 1997, Malaysia 1997, UK 2008, Iceland 2008, Italy 2012, Cyprus 2012, Ar‑
gentina 2001, Argentina 1989, Argentina 1981,Mexico 1982, Chile 1982)were veriϐied through Laeven‑Valencia
and Reinhart‑Rogoff databases for crisis classiϐication. Quarterly panel construction and convergence measure‑
ment follow identical methodology to the 12 primary cases. The 28‑of‑30 convergence rate reported in Section
8.2 reϐlects this combined sample. Full quarterly panel data for these 18 additional cases is forthcoming in sup‑
plementary online materials.
Combined‑sample summary statistics (consistent with §8.2):

Convergence metric 30‑case result 95% Clopper‑Pearson CI
Warning‑zone convergence within
24 months

28/30 = 93.3% [78.0%, 99.2%]

Full breach convergence (either
remaining dimension) within 24
months

23/30 = 76.7% [57.7%, 90.1%]

Twonon‑convergingcases: ‑ Norway1988 (banking‑sector conϐined) ‑Brazil 2015 (C+Bbreachwithout strong
A/H transmission within 24 months)
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