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Abstract

In this paper, we establish the empirical linkages betweemmminal and real variables of Pakistani
economy using both annual and quarterly data. The focus of pempirical analysis has been
limited to the post nancial liberalization period starting in early 1990s. Furthermore, this
paper theoretically evaluates the role of money and monetapolicy in propagating business
cycle uctuations of Pakistani economy using di erent waysof introducing the role of money
via money in utility (MIU) and cash in advance constraint (CIA) as well as with di erent

formulation of monetary policy either through a money growt rule or Taylor type interest rate

rule.

Keywords: General Equilibrium Models, Modeling and Simuteons, Monetary Policy
JEL Classi cation: D58, E27, E52.



1 Introduction

The monetary policy instruments i.e. nominal interest rate and monetary aggregates are
considered important factors of business cycle uctuatianin economic literature. The objective
of this paper is to show for a developing nation like Pakistatthat the quantity of money matters
more than its price to explain output uctuations.

To do so, this paper investigates the role of monetary aggmgs and interest rate in prop-
agating short run uctuations of Pakistani economy over theperiod 1991-2012. Furthermore,
after exploring empirical relationships between nominalral real side of economy, we use micro-
founded Dynamic Stochastic General Equilibrium (DSGE) moaling setup with di erent spec-

i cations of monetary policy to theoretically explain the® relationships.

In order to establish a clear link between nominal and reald# of economy over the course
of business cycles, we conduct a comprehensive macro datalgsis. The relationship be-
tween various measures of nominal and real side of the ecoyois explored by using scatter
plots, contemporaneous correlations, dynamic correlatis, granger causality tests and Vector
Autoregressions.

We nd that quantitative instruments of monetary policy such as various monetary aggre-
gates (MO & M2) have far greater impact on the real side of Padiani economy relative to
the price indicators of monetary policy represented by vasus nominal interest rates (money
market rate, six-month treasury bill rate).

We speci cally analyze how di erent monetary aggregates @. MO, M1 & M2 and, interest
rates e.g. policy rate, money market rate and T-bill rate dyamically a ect and get a ected
by GDP and Large Scale Manufacturing. This data analysis hdseen conducted utilizing both
annual and quarterly data series

Another reason to study ‘money' is the way Pakistan economy sructured. First, Table 8
(see Appendix C) shows that among a set of peer developing ctrigs, Pakistan ranks lowest
in nancial access as measured in terms of number of per capitleposit accounts indicator.
Similarly the other two known indicators of nancial accessloan accounts per thousand adults
and bank branches per million adults, also reveal that nanal access is relatively weak in
Pakistan. This lack of access to deposit accounts combinedtiwpoor performance in other
nancial access indicators naturally leads to high level afurrency holding; a fact captured by

1The business cycle component of di erent time series has been axicted by taking log and then applying
the Hodrick Prescott Iter for both annual and quarterly data.
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Pakistan having high levels currency in circulation when eopared with peer nations (see Table
9 in the Appendix C).

Second, the existence of a large informal sector inducesremmic agents to conduct a large
number of transactions through cash instead of formal nanal channels; high levels currency
in circulation are directly related to the size of informal ector. The Table 9 shows that Pakistan
has a relatively large and signi cant informal sector.

These structural features of Pakistani economy together thithe strong money-real economy
link provide ample justi cation for studying and modeling in isolation the role of money in
Pakistani economy.

The fact that quantity of money matters more than its price fo output have profound
rami cations for New Keynesian DSGE modefk The DSGE models are widely being used
in policy institutions in both developed and developing ecmmies. However, the developed
economies have taken the lead in estimating and using the DE@nodels for policy-making.

In the recent past, there have been quite a few serious e orte utilize these models in
context of developing countries in general and Pakistan inapticular. Garca-Cicco (2009),
Florian and Montoro (2009), Peiris and Saxegaard (2007) andledina and Soto (2006 and
2007) are notable examples of the use of DSGE models for otligveloping countries. On
the other hand, Choudhary and Pasha (2013), Haider et al.(2R), Choudhri and Malik (2012),
Ahmad et al.(2012) and, Haider and Khan (2008) have used DSGE dwls to analyze economic
issues in Pakistan.

However, all DSGE models based studies for Pakistan have @ntlimitations. For instance,
Choudhary and Pasha (2013) and Ahmad et al.(2012) use real Imesss cycle framework that
abstracts from money and in ation dynamics. Moreover, mods in these studies cannot be used
for analysis of short run uctuations as their parameters a based on calibrations from annual
data. Choudhri and Malik (2012) lack appropriately estimagd formulation of monetary policy
and evaluation of simulated models. Haider et al.(2012) and Hier and Khan (2008) have not
established any empirical linkages between nominal and tessde of economy. This study seeks
to Il this gap by rst presenting stylized facts pertaining to implications of monetary policy
actions for real side of economy and then presenting appragtely calibrated models.

In our models, we incorporate two alternate formulations ahoney holding: money in utility
function and cash in advance constraint as well as two di en¢ ways to conduct monetary

2These models are well known for having micro foundations, dynamicramework, capability to deal with
stochastic shocks under rational expectations and overcoming the Ls critique to some extent
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policy: monetary targeting and interest rate targeting in tke basic New Keynesian DSGE
framework.

The monetary targeting approaches assume that central bantonducts monetary policy
through controlling supply of nominal money stock. Under tts monetary policy approach, we
stimulate money demand through money-in-utility-function (MIU) motives of holding money
(Cooley and Hansen (1989, 1997 and 1998) and Svensson (1983))cash-in-advance constraint
(CIA) (Clower (1967) and, Lucas and Stokey (1987)). The Cerait bank is assumed to follow
an autoregressive money supply growth rule in both of CIA antllU approaches.

The interest rate targeting approach assumes that centrallmk uses Taylor rule-type interest
rate reaction function in order to respond to uctuations inin ation and output from their
steady state values in a cashless economic environment. §approach implicitly assumes that
central bank adjusts money supply to attain target level ofriterest rate. As a result, money
becomes a redundant variable; generally not even expligitincluded in the model. Some
prominent examples of this approach in the literature are Sets and Wouters (2003 and 2007),
Woodford (2003) and Clarida et al. (1999).

The rest of this paper is organized as follows. The next semti presents our empirical ndings
on the impact of nominal variables on real economic activitySection 3 discusses di erent model
structures. Section 4 discusses the calibration of variopsrameters, while Section 5 discusses
our main results from di erent models and the last section ewludes.

2 Some Empirical "Stylized Facts' from Post Financial
Liberalization Era

The empirical linkages between various macroeconomic \&bles discussed in this section
are for the period 1991-2012. The choice of this particulainte interval is based on the fact
that starting from early 90s, Pakistani nancial system unarwent a set of structural reforms.

Before early 90s, the State Bank of Pakistan (SBP) used to auct monetary policy through
direct controls® e.g. variations in cash reserve ratio (CRR), statutory ligidity requirement
(SLR) and, bank rate was constant at 10% since 19%77The commercial banks were allocated

SWhile analyzing the desirability of such nancial management system & clearly beyond the scope of this
study, we believe that monetary policy under such administered emironment cannot be modelled by optimization
based models we intend to use in this study.

“For a detailed description of structural reforms, please see \Pakistan Financial Sector Assessment 1990-
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credit ceilings under the credit plan by National Credit Consliative Council (NCCC).

In the economic literature, the business cycle propertie$ any economy is generally captured
by quarterly data that is actually not available in Pakistan In Pakistan, national income
accounts (NIA) are maintained only at annual frequency. Howevgethere have been at least
two serious e orts to work out quarterly national income acounts by Arby (2008) and Hanif
et al.(2013). In this paper, we use quarterly series of natial income accounts from Hanif et
al. (2013) that provides data from rst quarter of 1973 to las quarter of 2012.

We use data of real GDP, gross xed capital formation, privag consumption, large scale
manufacturing index, CPI and in ation to represent real si& of the economy. The nominal
side of the economy is represented by MO, M1, M2, policy raté;month T-bill rate and call
money rate.

In order to further check the validity of co-movement pattens between real and nominal
indicators coming from this quarterly data, we also conducall the empirical exercises with
annual data. This replication exercise with annual data hasvo main advantages. First, keeping
in view that quarterly GDP and other national income accounseries at quarterly frequency are
approximated, we need to con rm our ndings by matching withactual data which is available
at annual frequency only. Second, annual data allows invégation of stylized facts on a relative
longer time horizon and we can infer about medium run impliceons of monetary policy.

In order to extract cyclical component from raw data, we seasally adjust (for quarterly
data only), take logarithms and detrend data using Hodrick Rescott Iter with usual param-
eterization. The data constructed in this way represents sint run uctuations of a variable
from its long run trend. While discussing and interpreting tle results, we should always keep
in mind that these facts pertain only to short run uctuations from long run trend. For details
about data sources and treatments, see Appendix 1.

This paper mainly focuses on relationships among economictigity, monetary aggregates,
interest rates and in ation. In particular, we are interested in knowing how business cycle
uctuations in monetary aggregates and interest rates a eécand get a ected by economic
activity and in ation.

2000" (2000), by State Bank of Pakistan



2.1 Monetary Aggregates and Economic Activity

The most straight forward observation regarding the relatinship between monetary aggre-
gateSand GDP is that both nominal and real monetary aggregates arstrongly procyclical
at levels. The rst two rows of scatter plots in Figure 1 and Figue 2 depict a clear positive
relationship between monetary aggregates and GDP. The grttwrate of monetary aggregates
do not re ect a signi cant co-movement with GDP (3rd row of satter plots in Figure 1 & 2).
These observations are robust to the use of LSM as a proxy obaomic activity.

The real and nominal monetary aggregates at levels depict gitve co-movement with LSM
(Figure 3 & 4, row 1 & 2) whereas there is no clear link between metary aggregate growth
rates and LSM. The only exception is the annual M2 growth rat¢hat shows slight positive
co-movement with LSM (row 3 in Figure 3).

The contemporaneous correlations presented in Table A1 cam these ndings by showing
that correlations of monetary aggregates with GDP and LSM ar positive and statistically
signi cant.

In order to better understand this strong pro-cyclical natwe of monetary aggregates, we try
to investigate the direction of causation. The dynamic coelations between GDP and di erent
lags of monetary aggregates (left panel of Figure 7A) are pasé. This means that current
GDP is positively associated with lagged monetary aggregs; indicating a leading indicator
role being played by money. On the other hand, di erent leadsf monetary aggregates also
show positive correlations with GDP pointing out that highe income also causes higher money
demand.

The dynamic correlations between monetary aggregates an&M also show similar trend as
shown by the left panel of Figure 7B. The positive correlatianat both leads and lags indicates
two-way causality between money and economic activity.

The granger causality test results presented in Table A2 and Asem to further endorse this
two-way causality proposition. The nominal and real M1 and M granger cause GDP and are
granger caused by GDP in the quarterly data (see Table A3). Innamual data, real M1 and M2
show two-way Granger causality with GDP. The nominal monety aggregates show a mixed
pattern of causality in annual data; M1 causes GDP and MO is aaed by GDP. However, the
growth of monetary aggregates seems to settle the issue akedtion of causality in a decisive

5In our empirical analysis, averaging method was used for adjustment of diiers in the series of M 0 in
200192 and 2009g2M 1 in 199891, g3 & g4, 2004l & g3 andM 2 in 20049l & 3. The series oM 1 was
adjusted for change of de nition of demand deposits using splicing métod from 2007 onwards.
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way. In quarterly data, growth of M1 and M2 granger causes GDRvhereas the converse
is true in the annual data. This observation signals that in Isort run, monetary aggregates
uctuations cause uctuations in GDP whereas in medium run é&nnual data) they are caused
by GDP uctuations.

In order to establish robustness of above mentioned relatiships over time, we compare
dynamic correlations calculated using full sample period990Q1-2012Q4) with the ones calcu-
lated using sample period 2000Q1-2012Q4. For the two sampkriods, dynamic correlations of
GDP and LSM uctuations with leads and lags of monetary aggigates seem to preserve their
overall shape (left panels in Figures 7A and 7B) and re ect aight increase in magnitude in
the recent time. This indicates that sensitivity of econona activity to uctuations in monetary
aggregates has increased over time.

2.2 Monetary Aggregates and In ation

This sub-section discusses the relationship between mosgtaggregates and in ation. Nom-
inal MO and M2 depict positive association in both quarterlyand annual data (Figure 5 & 6,
row 1). On the other hand, Nominal M1 does not show any signi ¢a association with in a-
tion at neither annual nor quarterly frequency. It is interesting to note that for nominal MO
and M2 the correlation in annual data is roughly double the \ae of correlation observed in
quarterly data. The contemporaneous correlations in Tabl&1 show that MO and in ation
have a signi cant positive correlation at both quarterly ard annual frequency. However, M2
has a signi cant positive correlation with in ation only at annual frequency.

The dynamic correlations between in ation and di erent leals and lags of monetary ag-
gregates in left panel of Figure 7C shows a positive correlati between in ation and lagged
monetary aggregates. Comparing this dynamic correlationagtern with the one re ected by
monetary aggregates and GDP (left panel, Figure 7A), we obsenan important di erence.
The dynamic correlations between in ation and monetary agggates are smaller in magnitude
and less persistent as compared to the ones observed in theecaf GDP and LSM.

This analysis based on contemporaneous unconditional ocglations between monetary ag-
gregates and prices and output at an aggregate level suggeatstrong pass-through of money
to output rather than prices- i.e quantity of money matters ér output; this e ect is probably
not nulli ed by the quick frequency of price changes in Paktan, though we don't establish
here the latter interconnection.



Nonetheless, this observation adds an interesting dimensito Choudhary et al.(2011) argu-
ment -the price adjustment process in Pakistan is quick engh to nullify the e ect of interest-
rate shocks on output- that in matters of monetary policy andn ation dynamics monetary
aggregates play a role. In saying so, we also cognisant of tlieerence between the studies,
which is that here we are looking at the impact on output of thejuantity of money and they
the price for money.

Although the behavior of three monetary aggregates is quiténsilar in lag periods, in leads,
MO shows highest correlation with in ation. This indicatesthat uctuations in MO might be
caused by uctuations in in ation.

Furthermore, comparison of dynamic correlations for two ddrent sample periods (left panel,
Figure 7C) reveals that sensitivity of in ation to uctuatio ns in monetary aggregates has in-
creased considerably while there is no major change in th@rss of correlations.

The granger causality test results presented in Table A3 shothat none of the nominal
monetary aggregates granger causes in ation. Instead, botevel and growth rate of MO are
granger caused by in ation. This observation is consistentith our nding about MO in dynamic
correlations. Furthermore, the real monetary aggregatefi@ew two-way granger causality with
in ation. In annual data, nominal M1 at level and nominal M2 in growth rate granger causes
in ation.

Another important observation regarding the role of money irPakistan is related to the
concept of scal dominance. The presence of scal dominancehich primarily manifests
itself through monetary aggregates, in Pakistan implies ather strong link between monetary
aggregates and aggregate performance of the economy. Choudnd Malik (2012) nd that
in presence of scal dominance not only there is volatilityri in ation; the response of in ation
to various shocks also gets ampli ed.

2.3 Interest Rates and Economic Activity

In general, nominal interest rates show slightly positive Ut statistically insigni cant co-
movement with GDP at both quarterly and annual frequenciesKigure 1 & 2, row 4, Table Al).
Large Scale Manufacturing seems to be independent of the ¢lerindicators of nominal interest
rates at quarterly frequency (Figure 4, row 4). However, LSM slws considerable negative
co-movement with nominal interest rate at annual frequencyFigure 3, row 4). But these
correlations are statistically insigni cant (Table Al). These observations lead us to conclude



that nominal interest rate uctuations have little contemporaneous impact on uctuations in
real economic activity.

However, this is not the case with real interest rates. The venus indicators of real interest
rates show negative co-movement with both GDP and LSM at botlannual and quarterly
frequencies. In addition, the contemporaneous correlatis in Table A1 show that correlations
between GDP and LSM and, the three indicators of real interesates are negative.

An important point to note here is that the correlations betwen LSM and real interest rates
are statistically signi cant and stronger than the correldions between GDP and real interest
rates. This nding points towards the fact that manufacturing sector is more responsive to
interest rate based monetary policy as compared to the rest the economy.

The dynamic correlation plots (middle panel of Figure 7A & Figue 7B) re ect very weak
correlations between lags of nominal interest rates and GDPlowever, strong positive corre-
lations between nominal interest rates and GDP are clearlyisible at lead periods. This hints
at a phenomenon where short term nominal interest rate uctations are lagging instead of
leading uctuations in GDP. These dynamic correlations see stable over the sample period
as neither the signs nor the magnitudes show any considermlali erence over the two sample
periods de ned in Figures 7A and 7B.

The granger causality tests con rm this point of view. The ganger causality tests using
quarterly data in Table A3 reports that none of the nominal inerest rates granger causes GDP
yet all of them are granger caused by GDP. However, annual dasdows bidirectional causality
between interest rates and GDP.

This nding is corroborated with the survey-based evidenc®n price-setting behavior in
Pakistan as reported in Choudhary et al. (2011). Based on sittured interviews of 1189
CEOs, Choudhary et al.(2011) concluded that price adjustnrmé process in Pakistan is quick
enough to allow price revisions on average, on quarterly imsMoreover, with their customized
price-stickiness parameters they also suggest using a g DSGE model that nominal interest
rates shocks have a small impact on output precisely due togHack of observed price rigidity.

2.4 Interest Rates and In ation

The di erent indicators of nominal interest rates show sligtly positive contemporaneous
co-movement with in ation at both annual and quarterly frequencies (Figure 5 & 6, row 4).
Table A1 shows that these positive contemporaneous corratats are statistically signi cant



for six month T-bill rate and money market rate.

Unlike the contemporaneous correlations, dynamic correlahs show a negative association
between lagged interest rate and in ation (Figure 7C, middlganel). However, these corre-
lations are very weak; not less than -0.1 for all indicatorsf mominal interest rate. The lead
periods of nominal interest rates and in ation depict posite correlation that is suggestive of
validity of Fisher E ect ® in Pakistan.

Comparison of these dynamic correlations over the two saneplvindows points out that these
relationships are stable over time (middle panel, Figure 7C)

The real interest rates are uncorrelated with in ation at amual frequency and strongly
negatively correlated with in ation at quarterly frequency (Figure 5 & 6, row 5).

The granger causality tests show that neither nominal nor e¢ interest rates granger causes
in ation in both quarterly and annual data (Table A2 & A3). However, in ation does granger
causes nominal interest rates. This reinforces our prior sérvation regarding the validity of
Fisher E ect.

2.5 \ector Autoregression Models

Vector autoregression (VAR) models have become one the mostpiortant tools to assess
the impact of monetary and scal policies on various macroeaomic variables. In this section,
we use VAR models to analyze the e ects of money supply and imést rate shocks on output
and in ation using both annual and quarterly data for the perod 1990-2012.

We estimate VAR models using the following equation:

Yt = C+ bt+ * Alye 1+ ¢ (1)
1=1
wherey, is a vector of endogenous variables included in estimatioritiv L’ lags . A, is a
matrix of parameters to be estimatedc and t represents constant and time trend as exogenous
variables andb is a vector of coe cients associated with time trend. ; is a vector of error terms

that are uncorrelated with their lagged values and other eXanatory variables. In our case,

6 According to the Fisher E ect, there is a one-to-one correspondencbetween expected in ation and nominal
interest rate i.ei=r+ ¢
"we use 1 lag for annual and 4 lags for quarterly estimations
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In GDP;
In Pub Cons
In Pvt Cons
Vi = In Inf,
In Pvt Inv;
Rt
In!,

where GDP, PubCons, PvtCons, Inf, Pvtinvy, R, and ! represent real GDP, gov-
ernment consumption, private consumption, gross in ationprivate investment, gross nominal
interest rate® and gross money growth rate, respectively.

We mostly follow the identi cation ordering used in Christiano et al.(2005). This identi -
cation assumes that investment, in ation, private and publkc consumption and GDP do not
respond contemporaneously to monetary policy shock. In gaal, the stationarity of di erent
time series is checked and ensured before using them in VAR rmetsd However, we only take
the natural log of di erent time series® and do not perform any ltering or di erencing before
using the data in VAR models. We are aware that it is very likelythat most of our time series
are non-stationary.

However, there are number of studies that use VAR models on netationary data. Enders
(2010) cites Sims (1980) and Sims, Stock and Watson (1990) ext they oppose di erencing
time series for VAR even if they contain a unit root. The argumat behind opposition of
di erencing is that the main objective of VAR is to investigate inter-linkages among various
variables and not parameter estimations. The di erencing mght result in loss of important
information content in data. DeCecio and Nelson (2007) and Gistiano et al. (2005) have
used non-stationary time series in their VAR models for compigon and estimation of DSGE
models.

The impulse response functions from annual and quarterly VARhodels are presented in
Figure 8. The rst thing to observe from these impulse response funions is that the response
of GDP, in ation and other macroeconomic variables to varios shocks are quite similar for

8six month T-bill rate

‘M2

0seasonally adjusted for quarterly data only

1 These responses are obtained for 10 years in annual data models and for 40 oiess; the corresponding
time window in quarterly frequency.
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annual and quarterly VAR modeld2. The main di erence between annual and quarterly VAR
impulse response functions is in the initial response of @rent macroeconomic variables to
various monetary shocks. These di erences might be attritbable to high volatility of high
frequency (quarterly) data and inability of annual data to @pture short run e ects of monetary
policy.

In response to a nominal M2 growth rate shock, we see that qaely output initially declines
and then increases due to increase in money supply as re atia the right panel of Figure 8.
On the other hand, the annual VAR model produces a steadily pitise response by GDP to
M2 growth rate shock and does not show any initial decline. 1ilarly, in ation shows an initial
dip in the IRF from quarterly VAR, whereas strictly positive response of in ation to money
growth shock is observed in the impulse response functiomifin the annual VAR model.

The decrease in interest rate causes an expansion in outpatboth annual and quarterly
VAR models. However, the annual VAR model shows an initial negae response by in ation to
an expansionary interest rate shock. On the other hand, in ¢hquarterly VAR model in ation
shows a positive response to an expansionary interest rateosk but exhibits a dip after about
ve quarters. The negative response by in ation to a declinan interest rate indicates the
existence of price puzzle and presence of cost channel in iB&n. The impact of interest rate
shock is robust to real and nominal speci cations of money guwth.

2.6 Summary of "Empirical Stylized Facts'

In order to focus on the main empirical facts of linkages beeen nominal and real side of
Pakistani economy over the last two decades, let's recalléghmain ndings discussed in this
section:

2.6.1 Monetary Aggregates

Nominal monetary aggregates are pro-cyclical and re ect twavay causality with real
variables.

12VAR IRFs are not statistically signi cant from zero if zero line is cont ained between IRF standard error
graphs (+/- 2SE dotted lines). The moment a standard error line intersects zero line, IRF becomes statistically
insigni cant. If we compare IRFs of output and in ation in Pakistan and USA ( Christiano et al. (2005)),
we might nd a fair deal of resemblance in both economies responses inras of shapes of IRFs. However,
signi cance criteria show that output IRF to monetary policy shocks is signi cant for more than 10 quarters in
USA. The same is insigni cant for the case of Pakistan.
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In short run, monetary aggregates show more association withctuations in economic
activity indicators.

In medium run, uctuations in monetary aggregates are moressociated with in ation.

Over the time, sensitivities of economic activity and in aion to uctuations in monetary
aggregates have increased.
2.6.2 Interest Rates

Nominal interest rate indicators show positive contemporaous correlations with in a-
tion; potentially re ecting tightening of interest rate based monetary policy in response
to heating economic environment and vice versa.

However, e ectiveness of such policy appears to be quite lited as there is only negligible
correlation between di erent lags of interest rate indicadrs and in ation as well as GDP.

Fluctuations in LSM; however, show that manufacturing sectois relatively more respon-
sive to interest rate based monetary policy as compared todfrest of the economy.
2.6.3 Overall

According to our comprehensive empirical analysis for pedol1990-2012, we nd that
guantitative measures of money (MO, M2) appear to be more coected with the economic
system as compared to price measures of money (six month T-ate,money market rate)
in Pakistan.

Furthermore, this relative importance of monetary aggredas for real economic variables
has increased over the last decade.

This raises some interesting questions for formulation metary policy in Pakistan.

12



3 Modeling Framework

For our basic modeling framework, we use a closed economy ayric New Keynesian model
(DNK) with households, intermediate good producing rms, ral good producing rms and a
central bank. This framework is fairly standard and closelyesembles the models presented in
Mc Candless (2008) and Walsh (2008). Each household derivggity from consuming nal
goods, leisure, and real money balanéésand also invests in physical and nancial assets. In
addition, household also provides indivisible labour ancent out capital to intermediate good
producing rms. The intermediate good producing rms prodwce di erentiated goods which
give them leverage to set prices in a monopolistically comigteve environment. The nal good
producing rms package intermediate goods to produce the hwgeneous nal good and sell it
to households in a perfectly competitive environment. Fingj), the central bank controls money
supply either through monetary aggregates or interest rate

In order to remain consistent with our empirical ndings, we wll model monetary policy for
both monetary targeting and interest rate rule based reginse We found earlier that monetary
aggregates have relatively strong linkages with uctuatios in economic activity and we will
now be able to theoretically evaluate our empirical ndingsvith di erent ways of incorporating
money and monetary policy in a simple DSGE model framework.

3.1 Firms
3.1.1 Final Good Producing Firms

The nal good producing rms produce nal good for consumpton and investment by com-
bining the di erentiated goods produced by intermediate god producers according to the
following Dixit-Stiglitz bundling technology:

Z, _p_

i p 1 pl
yi = (yi) » di (2)
0
Here y{ ;yy and , represent intermediate good produce bj" intermediate rm, nal out-
put and constant elasticity of substitution between internediate products, respectively. For
given price and elasticity of substitution, the nal good poducers choose the quantitw{ of

each intermediate good in such a way that maximizes their pto The result of this prot

30nly in case of MIU models
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maximization is the following demand function for thg " intermediate good:

n . #
P!
Pt

p

yi = Vi ©)
The equation (3) shows that the demand for intermediate googd is inversely related to its
relative price and directly related to aggregate output. Aggegating across all intermediate

goods and using equation (2), we get the aggregate price leve

Z, =
_ i lop p
P = P d (4)
0

3.1.2 Intermediate Good Producing Firms

Intermediate goods producers demand capital and labour fgiven wages and rental rate of
capital in competitive factors market. In addition, they s¢ price of their di erentiated product
while exploiting some degree of monopoly and consideringaantainty regarding their ability
to change prices in future. The Calvo (1983) model is used tamture the intermediate good
producing rms' behavior under this uncertainty.

Demand for Labour and Capital

The intermediate good producing rms are assumed to follow &obb-Douglas production
function with constant returns to scale (CRS)

yi =exp(a) ki b’ (5)

wherea; = ,a 1+ & is a stochastic technology shock that a ects all intermedia rms in
the same way. , is the persistence parameter and® N (O; &) is an i.i.d. random shock to
total factor productivity (TFP). The parameter is the share of capital in production.

The intermediate good producers minimize total cost, C; = Wtj hy+ R{ k; subject to available
production function embodied in equation (5). HereW, and RK are nominal wage rate and
nominal rental return rate on capital, respectively. The cst minimization implies following
optimal capital to labour ratio:

k Wy
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Since capital to labour ratio is same across all intermedatrms, we can rewrite the above
equation as

Ke _ Wi

hy 1 r

Using equation (7) and performing some simple algebraic maniptions gives equilibrium
real marginal cost as a function of technology level and famt prices.

(7)

me; = () @ )® ow rk 8)

exp(a)
Pricing by Intermediate Good Producing Firms

The Calvo (1983) pricing model assumes that a rm cannot chae the price of her product
until she gets a random \green signal” from nature. If a rm gés this signal, she re-optimizes
her price to P, , otherwise, it is kept xed at the previous price levelP; ;. In each period, the
probability of receiving the green signal is 1 ",. This means that with probability, ", price
of an intermediate good producers will remain xed at previaos period price levelP; ;.

In other words, ", can be interpreted as a price stickiness index; wherg= 0 means perfectly
exible and ", = 1 means xed prices. However,", 2 (0; 1) re ects the more relevant case of
sticky prices. Keeping in view this uncertainty regarding pce change and their downward
sloping demand curve described in equation (3), thg" intermediate good producing rm
maximizes the following pro t function with respect to P, .

s . .
= E (" p)k P, y{+k Pe+ ky{+ kMCi+k 9)
k=0

The solution to this dynamic optimization problem is the folowing optimal price

2 P 3
w2k i
Et (" p) PrrwYis kMCrsk
_ p k=0
P = g( 1) LN (10)
P E: - (") Yisk

Now using equation (4) and calvo probability, the overall pde level of economy can be
expressed as:

15



h i1

Py = "th1 "+(1  "p)Py tete (11)
The equations (5), (7), (8), (10), (11) of production functbn, capital to labour ratio, marginal
cost, optimal price and general price level constitute thexed frame of our di erent models.

3.2 Monetary Targeting Models

Monetary targeting models allow explicit incorporation oimoney in economic decision mak-
ing by households and central bank. On the basis of our emial ndings related to important
role of money in explaining business cycle uctuations, te exists a strong justi cation for
presence of money in the model.

In literature, money in utility function (MIU) and cash in advance constraint (CIA) are the
two most popular approaches of creating positive money dendhin general equilibrium models.

MIU model assumes that holding money yields direct utility ¢ household, even if it has
no intrinsic value. As discussed in the introduction and in Tale 8, 9 & 10 (see Appendix
C), structural features constitute a straightforward motwvation for utilizing the MIU approach.
Among these features, limited access to nancial servicesdarelatively high level of currency
holding are few important ones.

Similarly, one may also establish the need for "cash-in-adhce," which assumes that house-
holds must have stock of money available to conduct transaehs related to purchase of con-
sumption goods. The main reason for the relevance of CIA typmodel in Pakistan is the
existence of a large informal sector which induces econoragents to conduct a large number
of transactions through cash instead of formal nancial chanels.

The role of informal sector has also already been incorpoeatin a DSGE model by Ahmad
et al (2012). They customized a DSGE model for Pakistani ecomy by introducing informality
in both labor and product markets. They also discuss the impt@nce of informal sector for
Pakistani economy in detail in their paper.

Therefore, these unique structural features of Pakistancenomy together with the empirical
money-output link provides the motivation for using Money m Utility and Cash in Advance
constraint models to study the dynamic role of money and motay policy on the real side of
Pakistani economy.
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3.2.1 Money in Utility Function (MIU) Model

Originally due to Sidrauski (1967), this approach assumesdt presence of real money bal-
ances Yyield direct utility to households. The model economyg assumed to consist of a contin-
uum of identical households of unit mass indexed by2 [0; 1]. Each household maximizes her
lifetime expected utility function given by

, X _ . M,
U' = E; ' Incl+ Aln(1 h})+ DIn Ft (12)
t=0 t

Here 2 (0;1);c¢;A;D; ‘ - and h! represent discount factor, real consumption, weight of
leisure in the utility functlon, money preference, real mogy balances and fraction of total time
spent at work respectively.

The labour markets of developing economies are generallyachcterized by employment
contracts over longer period of tim¥, we assume labour is indivisible following Hansen (1985).

_ b3 , _ M
U' = E, ' Inci + Bh} + DIn Ft (13)

t=0 t

Each periodi® household receives a transfer of money equal . 1) M;t L from the
central bank, where$ ; is the gross growth rate of aggregate money supply aMy; is per capita
nominal stock of money in period.

It is important to distinguish between M| and M;. M| represents household speci ¢ nominal
money stock and it is a choice variable in household optimizan problem. On the other hand,
M represents per capita nominal money stock; control variadby central bank that cannot be
a ected by decisions of a single household. However, both dielse variables would be equal in

“months and years instead of hours worked

5In this setting, it is assumed that each period every household has aandom probability | of getting
employment contract. Every household provides a xed amount of labourhg after getting employment. Since
probability of getting employment is | and xed amount of labour to be supplied is hy therefore expected
labour supply in a given period ish} = lhgor | = E—"

To ensure the convexity of consumption set, this set up assumes pfeict employment insurance scheme in which
each household gets same compensation irrespective of her employmetutus (for detail, see Hansen (1985)).Ex-
pected value of one period utility from leisure is givenas tAln (1 ho)+(1 t)AIn(1 @ :Using the relation-

ship | = ﬂ and the fact that In 1 = 0, life time utility function becomes Ui = E, ., ' Ind + %{)ho)h{ .
P
Using the shorthand notation A"¢_No) = B, we getU' = E; {, ' Ind + Bh}

Since 1 hg < 1, therefore In(1 hg) < 0 and B is bound to be a negative number showing that labour
supply creates disutility.
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the symmetric steady state.
The central bank controls money supply by following a simplmoney growth rule

M= $ M 1 (14)

where

IN$ .1 =1 g)In$ + sIn$ + 3, (15)

IS an autoregressive stochastic variable;- 2 (0; 1) is the persistence of money supply and
¢ (0; ) is the money supply shock.
Under given conditions, the households' real stock of moneyodves according to the following
law of motion:
M{ M| M
Rl SR
The equation (16) shows thati" households' stock of real money balances in time period
t is a sum of previous periods' stock of real money balancéy'% and net transfer of money
from the central bank in current period, $; 1) MF‘,—tl.
After some algebraic manipulation, we get

(16)

ME_ME,, 80 1 M

= — 17
Pt I:)t $t Pt ( )
The budget constraint faced by each household is
o4 Bl ik i, Bl
q+|t+ﬁ—ktrt+wtht+ P, + (18)
and the capital accumulation constraint,
ko =i+ (1 )k (19)

The right hand side of equation (18) shows household's incefrwhich consist of wage earning
w;hi, rental incomekir¥, total return from bond holdings %1 and prot  from owning the
intermediate good producing rms. On the other hand, the lé¢fhand side of equation (18)
shows households expenditures on consumptidn physical assets investment; and nancial
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assets investment/borrowing%.
By combining budget constraint, capital accumulation corsgaint and equation of motion for
real balances, we get the following new budget constraintrfthe household:

. . B M| . . .
Cll+k{+1+—R|t3+Ft=k{r{(+wthlt+(1 )ki +
tht t

B, My, $: 1 M
Pt Pt $t Pt

¢ (20)

The household maximizes the utility function in equation (3) subject to constraint in equa-
tion (20) with respecttoc; hi; M/; Bl andk!,, . After some simpli cation, we get the following
rst order conditions for the household:

El‘: VBT (21)
Lo lasn @
é: = Ci[+11t+1 ' Mtiszt )

where = g% is gross in ation.
Equation (21) re ects the intratemporal equilibrium between consumption and leisure takes
place when marginal utilities of consumption and leisure arequated. Equation (22) shows
that intertemporal equilibrium takes place when marginal tility of consuming today is equated
with discounted marginal utility of consuming tomorrow (ptysical investment). Equation (23)
describes the same relationship with reference to nancialvestment. Note that (22) and (23)

could easily compared to yield

R
t+1

Here left side of the equation shows gross return from physli@ssets net of depreciation and
on the right side we have gross return from nancial assets nef in ation. In a frictionless
economy, arbitrage activities equate the rates of return ophysical and nancial assets.

E. L+rk, ) =E

(25)
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The real and nominal interest rates are linked by the well kivan Fisher equation.

Ri

t+1

Iy = Et

(26)

In ation and money growth rate are equal to each other in thedng run steady state i.e.
= $: Furthermore, the nominal money balances are normalized byvision with price level.
This normalization is necessary to be able to nd steady statef real money balances. Using

M/=P,= m! and = %; equation (24) and equation (14) can be expressed as

t ., b 27)

E. - ,
CIt+1 t+1 my

1
et
and
$

mi= —my 1 (28)
t

3.2.2 Cash in Advance Constraint Model

The idea of cash in advance constraint, introduced by Clowgi967), was initially used in
general equilibrium models by Lucas and Stokey (1987) and @ey and Hansen (1989). This
approach assumes that each household must hold money to gwase consumption goods. The
investment goods, however, are exempted from this restrioti. So, consumption and investment
goods can be classi ed as cash and credit goods respectively

This restriction on consumption goods is termed as cash-atvance constraint and symbol-
ically, this can be expressed as

M

4= (29)
Normalizing by dividing both sides byP; 1;

= My (30)

In this model, the central bank directly transfers money to buseholds and real money
balances evolve as in equation (17). The real money balan@s no longer part of the utility
function and household maximizes the following utility fuation
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. X . .
U' = E, "Ing + Bh} (31)
t=0
subject to cash-in-advance constraint in equation (29) antudget constraint in equation
(20). The rst order conditions for this model are:

Wi+1 Rq

E = 32
‘ W t+1 ( )
B 1
—= E. - (33)
Wi t+1 Caq
1 1
— = E 1+ rk 4
w, t Wt+1( ) ) (34)

3.3 Interest Rate Targeting Model

In the last model, the central bank operates by following a Tdor type interest rate rule
thereby reacting to the uctuations in output and in ation f rom their steady state values.

This way of modelling central banks' behaviour has becomediworkhorse of DSGE models
for analyzing the role of monetary policy in both developedral developing economies. Even
though, in our empirical section, we only found a weak link ieen interest rates and short run
uctuations in output, we still wanted to evaluate the role d monetary policy in propagating
business cycles in a developing economy. The best way to dstvas to use the well established
theoretical framework in literature of modelling monetarypolicy as a Taylor type interest rate
rule in a simple New Keynesian DSGE model.

For this model, we assume that the economy is cashless and we lp discuss households
behavior and monetary policy in this scenario.

3.3.1 Households

The households maximize utility function represented by egtion (31) subject to combined
budget constraint obtained by addition of budget constrainin equation (18) and capital accu-
mulation constraint in equation (19)

The rst order conditions of households are same as those faliin equation (21), (22) and
(23).
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3.3.2 Monetary Policy

In this set up, the central bank conducts monetary policy though Taylor type interest rate
rule by changing policy rate in response to uctuations of dput and in ation. The interest
rate reaction function is given as:

, Fa e
_ t Yt R
Re=(Rt 1) R — " exp( () (35)
where g 2 (0;1); and  represent degree of interest rate smoothing, response ofrmo

etary policy to in ation uctuations and policy response to output uctuations, respectively.
R, ,yand R N (0; gr) are steady state values of nominal interest rate, in ationoutput
and the stochastic interest rate shock with mean 0 and standhdeviation g:

3.4 Aggregation and General Equilibrium

In all our models, we have assumed that all households are nteal and Relong to a can-
tinuum of unit mass Therefore for all models, C'[dl = G |d| = iy h'd| = hy; 01
M{di = M and ktle: ki: The nancial assets and Ilabllltles cancel each other out ahe
aggregate level so that 01 Bidi=0

The economy wide aggregate resource constraint takes thenfio

Vi = G+ iy (36)

Hence, for all of our models the general equilibrium consist$ allocationfy;; ¢, My; hy; iy;
kyg with sequence of pricebw,; rk; Ry; p:g that satisfy all rst-order conditions of the household,
the intermediate and nal-goods-producing rms' and the agregate resource constraint for all
realized and expected states of technological and monetdactors.

The derivation of steady state and log-linearization of th&lew Keynesian Phillips curve are
presented in Appendix A and Appendix B respectively. Furtherrare, all equations of di erent
models are presented in Appendix D.
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4 Calibration

The parameters of di erent models have been calibrated foruarterly frequency®. In this
paper, we have tried to use micro level evidence for calibrab purposes wherever possible.
However, in the absence of micro evidence we had to fall backusing macro data for calibration
purposes. An important feature of our calibration exercisesithat none of our parameters are
xed by matching dynamic properties of simulated models wit data. Therefore, the dynamic
properties of our simulated models are solely based uponibedtion coming from data and not
from data moments.

4.1 Households' Preferences

The discount rate, is xed at 0.97. This value shows that quarterly real rate ofeturn in the
economy is 3.1% and annual compounded return is 13%. The poais studies on Pakistan use a
value close to unity for quarterly that were calculated on the basis of average real interestea
(Ahmed et al. (2012)). The very high value of indicates that on average, economic agents
are extremely future-oriented or inclined towards investent in comparison to consumption.
However, if we use such value, then the projected steady statwestment to GDP ratio should
be around 40% which is clearly in contrast with Pakistani dat. The relationship between
and investment to output ratio is depicted in Figure Al.

The capital series is constructed by using total investmentherefore we x value of in a
way that yields steady state investment to GDP ratio equal td.20" or 20 percent.

The preference for leisuréd = 1:27 and indivisible labour coe cient B = 1:77 are cal-
ibrated by matching model steady state hours with the empical value found in data. The
Labour Force Survey (LFS) data shows that on average, labourovrk for about 47.9 hours per
week. This means that the average daily work hours are 6.8. iBlre ects that on average, 28%
of total time is spent at work. Using this value in the steady stte equation ofh, we nd that
value of A is 127 andB is 1.77. It is important to note that these values ofA and B are
conditional not only upon h but also on calibration of other parameters e.g.; and

18The most appropriate frequency considering the short term nature of lisiness cycle uctuations

In our opinion,  should not be calculated only on the basis of interest rate in case of Pakiah. Interest
rate may be a good proxy of overall return for developed economies wheproperly functioning capital markets
make nancial and real returns correlated and closer to each other. Howeve this is not the case in Pakistan
where a big gap in the nancial and real rate of return renders interestrate a poor proxy of overall return on
investment in the economy.
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The money preference parametdd is estimated to be 0.0556 through GMM estimatioty
of the following Euler equation using annual data through nteod developed by Hansen and
Singleton (1982)

= E

é + 2 (37)

4.2 Production

The share of capital in production, , was calibrated using information from literature under
insights from estimation of production function. First of al, we estimate constant returns to
scale (CRS) Cobb-Douglas production function using quartiyg data of real GDP, employed
labour force and total capital to representy; h; and k; respectively.

The employed labour force data was taken from various issue$ Labour Force Survey
whereas capital series was constructed using total grossec capital formation series under
perpetual inventory method®. The gross xed capital formation data was seasonally adjted
and assumptions of quarterly depreciation rate equal to % and average quarterly GDP
growth equal to 1.3% were used in computation of initial vakel of accumulated capital series.
The subsequent values of capital series were computed udling capital accumulation equation.

Table 1: Estimation of Production Function

log c logs  logA,
2:17 Q66

SE  (005) (0:16)

t-stat 4294 413

R%2=0:22

The above estimated equation yields = 0:66 which is on the higher side compared to
developed countries (for US, is usually taken as 0.36 or 0.33). We adjust this value sligltl
downwards by choosing a value of 0.60, because the averagihefsame parameter over a range
of developing countries estimated by Liu (2008) is closer @50.

8During estimation of the above equation, value of was assumed close to 0.97.
19See Appendix 2 for details
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The persistence and standard deviation of the total factorrpductivity (TFP) shock, a; a
are estimated using the Solow residual series taken from dretion function estimated using
quarterly data reported in Table 1. For persistence of teclutogy shock A, we estimate the
following equation:

Table 2: Estimated TFP Shock

logA; ¢ alogA; 1 A
0:00 100
SE 000 Q03
t-stat 1:76 2885

R?=0:93, A =0:017

The standard deviation of technology shock,, = 0:0174 has been computed by taking the
standard deviation of the residuals of above equation.

The depreciation rate, ; has been computed by using data from the Census of Manufadhg
Industries (CMI (2005-06) that reveal annual depreciatiomate of 6.5 percent. We compute the
quarterly depreciation rate of 1.6% from the annual value.

The calvo price stickiness indeXp = 0:25, has been taken from Choudhary et al. (2011).

4.3 Monetary policy
4.3.1 Money Growth Rule

The steady state money growth and in ation are assumed to beyeal in our models ( = $).
The average annual in ation(YoY) for the period 1990-2012 i9.2% (2.3% on quarterly basis)
and the average growth rate of per capita M2 is 12.3% (2.9% onayterly basis). We take a
value that is close to mid-point of both these values by choiog 1.025 as the gross growth rate
of money stock in each quarter. We use the quarter on quarteragyvth rate of M2 for estimation
of persistence and standard deviation of money supply shoitkough the following equation:

Similar to the technology shock, the standard deviation of oney growth shock ,, =0:016
is compute by taking the standard deviation of residuals ohe above equation.
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Table 3: Estimated Money Growth Shock

(GM 2t) C M (GM 2t 1) AR1 {VI
0.01 Q54 0:32
SE (0:00) (0:12) (G:14)
t-stat 3:48 438 2:27

R?=0:10, y = 0:016

4.3.2 Interest Rate Rule

The Taylor rule has been estimated following Ireland (2000WWe assume that central bank
responds to uctuations in output and in ation from their st eady state values.

The interest rate smoothing term is included to avoid large @liations in the interest rate.
The deviation of in ation and per capita GDP from their steady states are computed by resid-
uals of least square estimations. We regress the log of qualy gross in ation on constant and
take residuals of this regression, as a proxy of uctuations of in ation from steady state.
Similarly, output gap, [, series is worked out by regressing log of per capita outpuh @
constant and time trend and using the residuals of that equein.

The gross nominal 6-months T-bill rate has been used as a pyorf policy rate for this
estimation. The series of interest rate shock is worked outyldaking residuals of the above
regression. In order to compute the persistence of interestte shock, we regress the interest
rate shock on constant and its lag. The standard deviation ofiterest rate shock is calculated
by taking the standard deviation of residuals of the above &sated Taylor rule equation.

The Taylor rule parameters are calibrated through constraed estimation of the linearized
version of equation (35). The results of the constrained éstation are summarized in Table 4.

The calibrated values of all the structural parameters usenh di erent models are reported
in Table 5. Similarly, all the exogenous shock related paraeters are listed in Table 6.
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Table 4: Estimation of Taylor Rule

IOg Rt (1 R) IOg R R |Og Rt 1 (1 R) t (1 R ) y tY 5
0:.01 Q93 Q25 105
S.E (0:00) (0:03) (0:54) (0:66)
t-stat 2:35 3192 187 159

R?=0:93, g =0.026

Table 5: Structural Parameters

# Parameter Description Value
1 Discount factor 0.97
2 h Steady state work hours 0.28
3 A Weight of leisure in utility 1.27
4 B Indivisible labour parameter -1.77
5 D Weight of real balances in utility 0.056
6 Share of capital in production 0.60
7 Depreciation rate 0.016
8 "p Price stickiness index 0.25
9 Steady state in ation 1.025
10 $ Steady state money growth 1.025
11 R Interest rate smoothing coe cient 0.93
12 Response to in ation in Taylor rule 0.25
13 Y Response to output gap in Taylor rule 1.05

Table 6: Shock Parameters

# Parameter Description Value

1 A Persistence of technology shock 0.99
2 M Persistence of monetary shock 0.54
3 R Persistence of interest rate shock 0.30
4 A Standard deviation of technology shock  0.017
5 M Standard deviation of monetary shock 0.016
6 R Standard deviation of interest rate shock 0.008

27



5 Model Evaluation

In economic literature, it is a standard practice to evalua the performance of various DSGE
models by their ability to match relevant second order momés from the data as well as the
consistency of their impulse response functions with ecan theory and any relevant empirical
evidence. Therefore, in order to evaluate the performancé the three competing theoretical
models, we compare second order moments obtained from deet models with their empirical
counterparts as well as the magnitude and ampli cation of dérent impulse response functions
in response to di erent exogenous shocks.

5.1 Simulated and Empirical Moments

The comparison of data and simulated moments is a standardamtice in the literature. We
obtain simulated moments of models by dynamically solvis® all these models for quarterly
calibrated parameters. On the other hand, empirical momesithave been calculated using both
quarterly and annuaf* data.

In order to compute quarterly moments from data, we use quagtly data on GDP, private
investment, private consumption, gross in atiof?,gross nominal interest raté&® and money*.
The real per capita GDP, consumption and investment data werseasonally adjusted, logged
and Itered using the Hodrick Prescott Iter 2° before computing empirical moments. The data
on in ation and money growth rate was also seasonally adjustl, logged and HP ltered. The
annual moments are calculated using annual data of same \abies. The results of simulated
and empirical moments are presented in Table 7.

The Money in Utility model with money growth shock underestinates the relative volatility
of private consumption, nominal interest rate and money gweth rate compared to the empirical
counterpart using both annual and quarterly data. On the otker hand the relative volatility of
private investment and in ation reported by MIU model is quite close to the relative volatility
reported in the data.

20ysing Dynare (Adjemian et al. (2011))

21The reason for inclusion of annual data moments is that national income accoun(NIA) data for Pakistan
is not available on quarterly frequency. Although we use estimated quaerly data of NIA from Hanif et al.
(2013), we use annual data moments as a check on moments calculated from estited quarterly data.

22Quarter on quarter, calculated from CPI

23Money market rate

24per capita M2

ZFor Itering we used the most commonly used values of from the literature, , =100 and 4= 1600
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Table 7: Simulated and Empirical Moments

|

Models Empirical

MIU CIA TR | Quarterly Annual
Relative Std Dev ( x/ cpp)
GDP 1.00 1.00 1.00 1.00 1.00
Private Investment 358 400 3.68 4.56 3.78
Private Consumption 0.36 057 0.35 3.26 1.59
In ation 0.54 050 1.67 0.65 1.16
Nominal Interest Rate 0.26 0.26 0.40 2.64 0.91
Money Growth Rate 0.49 0.48 3.70 0.74
Correlation with GDP
GDP 1.00 1.00 1.00 1.00 1.00
Private Investment 0.99 0.89 0.99 0.30 0.59
Private Consumption 092 054 0.88 0.51 0.53
In ation -0.10 -0.16 -0.07 0.04 0.32
Nominal Interest Rate 0.11 0.06 -0.84 0.06 0.13
Money Growth Rate 0.11 0.06 0.12 -0.22
Autocorrelation
GDP 0.75 0.75 0.77 0.65 0.66
Private Investment 0.75 0.70 0.72 0.41 0.39
Private Consumption 0.80 0.57 0.80 0.18 0.26
In ation 0.33 0.36 0.00 0.67 0.30
Nominal Interest Rate 0.44 044 0.70 0.34 0.61
Money Growth Rate 0.44 044 0.00 0.39 0.96
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The Cash in Advance constraint model with money growth shockiso underestimates the
relative volatility of private consumption, nominal interest rate and money growth rate com-
pared to the relative volatilities reported in the data. Howser, the CIA model comes quite close
to matching the relative volatility of private investment and in ation as reported by quarterly
data of Pakistan.

In the model with monetary policy conducted through Taylor ule performs relatively worse
in terms of matching the relative standard deviation of di eent variables with empirical coun-
terparts reported in the second last column of Table 7. The &nvariable where the model
relative volatility comes close to matching empirical couerpart is private investment.

The second panel of Table 7 shows that Cash in Advance consiitamodel performs a
better job of matching the contemporaneous correlation ofavious macroeconomic variables
with output compared to the other two model.

For example, the contemporaneous correlation between pate consumption and GDP is
found to be 0.54 for the CIA model , which is quite close to thengpirical value of 0.51 from
the quarterly data. On the other hand, for the MIU and Taylor mle model this correlation is
found to be 0.92 and 0.88 respectively.

All three models, overestimate the contemporaneous corrétmn between GDP and private
investment compared to the reported value of 0.30 and 0.5%m quarterly and annual data
respectively. The value of contemporaneous correlation teen private investment and GDP
is found to be 0.99, 0.89 and 0.99 by MIU, CIA and Taylor rule maa respectively.

Interestingly, all three models come relatively close in nmighing the correlation between
in ation and output reported in the quarterly data. According to MIU model, the contem-
poraneous correlation between in ation and GDP is -0.10, wle the CIA model gives a value
of -0.16 for this correlation. The Taylor rule model on the dter hand reports this correlation
between in ation and output to be -0.07. All these values areanerally close to the empirical
counterpart of 0.04 from the quarterly data.

The last panel of Table 7 reports the persistence of variousagcroeconomic variables from the
three models as well as their empirical counterparts from Boannual and quarterly data. In
general, none of the models come very close to matching thegistence values of all macroeco-
nomic variables from the data. However, Cash in Advance conaint model with money growth
rate outperforms the MIU and Taylor rule model.

Overall, the MIU and CIA models do relatively better in termsof matching the volatilities
of various macroeconomic variables with data counterpart$urthermore, the CIA model with
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money growth rule comes close to matching contemporaneousrelation of some macroeco-
nomic variables with GDP and the autocorrelation of di erem macroeconomic variables with
empirical moments. The Money in Utility model and Taylor rulemodel do relatively worse
in terms of matching the contemporaneous correlations of rm@economic variables with GDP
and autocorrelations of various macroeconomic variablestivtheir empirical counterparts.

All in all, based on moment matching exercise for relevant seed order moments, Cash in
Advance constraint model outperforms the other two models.

In addition to looking at relative volatility, contemporaneous correlation with output and
autocorrelation of relevant macroeconomic variables, wésa compare the simulated output and
in ation with the actual deviation of these variables from tend in data,

Figure 10 shows the comparison of actual and simulated devi@ats of quarterly GDP and
in ation from trend. The actual deviations from trend are conputed using Hodrick-Prescott
Filter whereas simulated deviations are computed using coeients of policy functions coming
from rational expectations solution of the three models anthnovations in shock variables ;,

s and .

These innovations were obtained from estimations describan Tables 2, 3 and 4. Considering
the facts that the models are fairly simpli ed structures and we have taken only two shocks,
we see that, to a large extent, models have been capable oftaaipg the direction of change
in GDP and in ation.

However, all models over-predict the magnitude of change inD® and in ation. This fact
could be attributed to lack of various nominal and real fridbns in our models.

5.2 Impulse Response Functions

After considering the second order moments for all three mddeand their empirical counter-
parts from both annual and quarterly data, we now turn our aténtion to the impulse response
functions generated in response to various exogenous stsoftk all three models

Figure 11 shows that a positive technology shock leads to aeisn output, investment,
consumption, and real interest rate in all three models. Ongtandard deviation shock in TFP
causes almost 4% increase in output and almost 12 percentrease in investment relative to
their steady states. On the other hand, price level and in @bn declines in response to a positive
technology shock.

The impulse response function of various macroeconomic iednles in response to a positive
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technology is almost identical for MIU, CIA and Taylor rule malel. However, the response
of nominal variables di er between the Taylor rule model andhe other two models of money
growth. The right panel in the second row of Figure 11 shows thaoth in ation and nominal
interest rate declines quite signi cantly in response to agsitive technology shock. The impulse
response functions shown in Figure 11 are consistent with inlge response functions of these
models shown elsewhere in the literature.

The Figure 12 shows the impulse response functions in resp®ms a monetary policy shock,
which in case of MIU and CIA is a money growth shock and for theaylor rule model it is an
interest rate shock. Furthermore, the gure also shows thaan expansionary monetary policy
shock causes an increase in output, investment, consumptjon ation, and real interest rate in
the MIU and Taylor rule model. The magnitude and persistencef impulse responses vary for
three models, as output increases by 1% in the MIU model and B§6 in the Taylor rule model.
Also, the output in MIU model returns to its steady state valueafter around 5 quarters, while
it returns to its steady state value after 3 quarters in the Tglor rule model.

The response of nominal variables in response to an expansiy monetary policy shock is
similar for the two models with money growth rate (MIU & CIA). However, the model with
interest rate rule shows di erent impulse responses of inteon from the other two models.

In addition to looking at impulse response functions of ourhree models, we also compare
IRF's obtained from models with IRF's from Vector autoregresens as discussed before in
section 2.5.

The left panel of Figure 9 shows that in response to 1% expansi;m money growth, both
CIA and MIU models produce similar response for in ation andail to produce the initial
decline in in ation following the money growth shock. The tv@ models response to in ation is
very large and quicker when compared to benchmark VAR IRF foniation.

In case of GDP, there is considerable di erence in shape offR from CIA and MIU models;
CIA model IRF is closer to the VAR IRF in terms of shape and magtiide. On the other hand,
MIU model overestimates the magnitude and speed of outputsponse to money growth shock.

The comparison of Taylor rule model with VAR illustrates the mpact of interest rate shock
on output and in ation (Figure 9, right panel). For both output and in ation, Taylor rule
model produces very large and quick initial response to expaonary 1% interest rate shock.
However, very low level of persistence in these IRFs is re ectdy steep decline in IRFs in the
second period.

In general, we see that three models IRFs capture the direatioof change in line with
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empirical benchmark. However, the di erence in magnitude ahpropagation in models IRFs
relative to VAR IRFs could be due to lack of real and nominal friton in the models discussed
in this paper.

6 Conclusion

In this paper, we establish some empirical “facts' pertaimjy to inter-linkages between the
nominal and real variables of Pakistani economy using a conghensive set of empirical tools
for both annual and quarterly data.

We nd that quantitative instruments of monetary policy such as monetary aggregates (MO,
M1 & M2) have played a signi cant role in propagation of busiess cycles of Pakistan over the
last two decades. On the other hand, various interest ratgsglicy rate, money market rate and
6 month T-bill rate) have played a less pronounced role in sitaun uctuations of output over
the same period.

Furthermore, we also nd that all monetary aggregates are singly pro-cyclical and some of
them even act as a leading indicator of economic activity indkistan for the period 1990-2012.
On the other hand, di erent nominal interest rates also co-rve positively with output and
large scale manufacturing but real interest rates were ca@ncyclical for the most part.

In addition, we also theoretically evaluated the role of may and monetary policy in propa-
gating business cycle uctuations of Pakistani economy usjy di erent ways of introducing the
role of money via money in utility (MIU) and cash in advance castraint (CIA) as well as with
di erent formulation of monetary policy either through a money growth rule or Taylor type
interest rate rule.

The results from our model simulations show that inclusionfomoney and the way it is
incorporated in DSGE models makes signi cant di erence in wdel performance. The cash
economy models (MIU & CIA) under money growth rule exhibits biter data matching potential
as compared to cashless economy model closed by a Taylor typterest rate rule in case of
Pakistan.

The impulse response functions of various DSGE models shdvat the impact of monetary
policy shock on Pakistani economy is limited and short lived

In conclusion, both our empirical exercises and results frodi erent DSGE models point
towards the relative importance of monetary aggregates cored to di erent interest rates in
explaining business cycles of Pakistani economy over thetawo decades.
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Furthermore, our paper also raise doubts regarding conduregy monetary policy only through
interest rates in a developing economy like Pakistan withrhited nancial inclusion, a large
informal sector and high currency in circulation.
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Appendix 1: Quarterly Data Sources

Series Series name Base Unit Source
1 GDP Gross Domestic Product Constant prices of 1999 Million Rs. Appendix D, Hanif et al.
2 Total Investment Total Gross Fixed Capital Formation Constant prices of 1999 Million Rs. Appendix E4, Hanif et al.
3 Private Investment Private Gross Fixed Capital Formation Constant prices of 1999 Million Rs. Appendix E5, Hanif et al.
4 Govt. Investment Government Gross Fixed Capital Formatic Constant prices of 1999 Million Rs. Appendix E6, Hanif et al.
5 Total Consumption Total Consumption Constant prices of 1999 Million Rs. Appendix E1, Hanif et al.
6 Govt. Consumption Government Consumption Constant prices of 1999 Million Rs. Appendix E3, Hanif et al.
7 Private Consumption Private Consumption Constant prices of 1999 Million Rs. Appendix E2, Hanif et al.
8  Price level cPI Q1FY90=1 Index gg:l(gﬁ% mas‘girp/g‘ggﬁzRGE
9 Annual Inflation Inflation (Year o Year)
10  Quarterly Inflation Inflation (Quarter v Quarter)
11  Nominal Interest Rate End d Period Annualized Call Money Rate :?DLK\/S%ER%?E\/%EAJEQ(I}CE Seri
12  Real Interest Rate Obtained by deflating R by Inflation(YoY)
13 Currency in Circulation Currency in Circulation Million Rs. State Bank of Pakistan
14  Reserve Money MO Million Rs. State Bank of Pakistan
15  Narrow Money M1 Million Rs. State Bank of Pakistan
16  Broad Money M2 Million Rs. State Bank of Pakistan
17 Real MO Real MO obtained by deflating MO with CPI
18 Real M1 Real M1 obtained by deflating MO with CPI
19 Real M2 Real M2 obtained by deflating MO with CPI
20  Growth of MO MO Relative Growth
21  Growth of M1 M1 Relative Growth
22 Growth of M2 M2 Relative Growth
23 Population Annual series was converted in quarterly using annual compoundedctgsw Million People DLXVG3, Haver Analytics,

Series ID: C564POP@IFS

*Annual data of series 1-7 (National Income Accounts at constant preedtared from various issues of Economic Survey of Pakistanmaerted to same
base (1999-00) by using splicing method. Annual series of price level, inflasibratetand monetary aggregates were taken from same sourcréiseasfdes
their quarterly counterparts. Quarterly population was obtained fuggth series using annual compounded growth rate method.
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Appendix 2: Estimation of Production Function and TFP
Quarterly Data

In order to estimate production function, we use quarterly real GDP, million hours and capital series as proxies. We calculate series of
capital using perpetual inventory method using both total GFCF and private GFCF. In perpetual inventory method, initial capital is
calculated as
GFCFy

O -
where O QoQ Real GDP growth and  Quarterly Depreciation rate. After calculation of initial period capital, subsequent periods
capital is calculated as

Ko

Kt 1 Y"-Ke I
Total worked hours are calculated from LFS of Pakistan over fiscal year 1990-91 to 2010-11 by the following formula:
njk
! 13 thjk . Weightik
i1
Here WWhyc represents weekly worked hours 8fth individual inj "th quarter of k-th year. Weight links the sample to population.
Weight gives the number of household an individual is representing in the population. Hours data for missing year is calculated by spline

interpolation (piecewise polynomial interpolation).
Production function is estimated through following constrained regression:

log¥; "log¥ c logk, "log¥% logA
TFP persistence is estimated through following autoregressive estimation
logA: ¢ logAiq B

P
@ is estimated by standard deviationbf residuals from TFP persistence equation.

Annual Data

Same procedure as in previous section has been adopted except for the proxy of labour. We use employed labour force data taken from
various issues of Economic Survey of Pakistan.
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Appendix A

Steady State

Long run properties of model are studied by applying steadytagde condition x; ; = X; =
Xt+1 = X and simultaneous solution of resulting equations by subgition method. Ultimately,
all variables are expressed as functions of structural pangters and "great ratios". Since basic
framework is same in models, therefore steady states are abhsame for all models except
slight di erences in case of CIA models where steady statersumption, hours and output are
less than their counterparts in other models. However, stepdtate consumption to output and
investment to output ratios are still una ected in these cass.

First of all, let's consider inter-temporal equation equabn () in steady state form to pin
down value of steady state rental return

=1 gy (A.01)

Pro t maximization by intermediate producers implies capial and labour demands are deter-
mined through following equations

1

k y k y
k — — = —_ = f— = —_
r<= H " andw = (1 ) H (1 ) 5 (A.02)
which implies the following steady state capital-labour o
k w
= = A.
h 1 rk (A.03)
Using A.02,
K (koo
2= A.04
A (A.0)
Having determined¥, we use it back in (A.02) to nd steady state wage rate
rk 1
w=(1 ) — (A.05)
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c is found using value of w in steady version of intratemporalgeilibrium condition (),
w
c= — A.06
. (A.06)

For h; again consider intratemporal equilibrium condition () afer substitution of w from (A.02)

c = (18)%
y _ Bc
h = @ )
_ @ )y
h = Bc

Using the result from steady state form of aggregate resourcenstraint (eq. )

_ @ Dy
B 1)
h= (1 ) (A.07)
B 1 ¢
Using the result from steady state form of capital accumuladin constraint (eq. )
S
B 1 v
W @)
B1 <
In case of CIA modelsc= ¢ therefore resulting expression foh is given by
@ )
h= — A.08
$B 1 - (A.08)
Capital to labour ratio (A.03) is used to pin down value ok; so that
k= —h (A.09)
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Using values ofk and h in production function, we get value ofy:
y =k ht (A.10)

We use this value ofc to pin down steady state real money demand

1
—+
c

11

Ol

(@]
|H3|U

306k

[eXe)

3 O[3

Since = $; we write
Dc$

$
Financial assets optimization determines nominal interesate

(A.11)

R= — (A12)

P=_—_—F_MC (A.13)
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Calibration of as a function of ;7

In order to utilize steady state investment-output ration br calibration of , we need to
express as a function of)i—/: To this end, we substitute ofh from (A.07) in capital-labour ratio
(A.03)

k a w
a)_ - 1 rk
B(1 )
i w
1 y  Brkk
[ w
v f()=1+ BriK (A.14)

Sincew, r and k have already been found as functions of along with other structural
parameters. Therefore, (A.14) expresséysas A function of :
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Appendix B

Log-linearization

All model equations are log-linearized by rst taking log andhan taking total di erential
around steady state.

The derivation of the New Keynesian Phillips curve; which islightly involved is presented
here. We start from the re-optimized price equation

P, I
P = P E: k=0.—‘ IO) Pe+ Y+ kMCas k
t ( p 1) Et i:o ( n p)ky{_'_k

>4 n k ] p )4 n k ]
l%Et ("p) Viek = (__75Et (" p)" PrekYie kMCrek
k=0 p k=0

Applying Uhlig's rule

X X
P(MYME, (" e%Pi=— P pymmcE, (")t
k=0 (o 1) k=0
X K X K
Ec  ("p)" 1+gw+ B =E  ("p)" 1+ B+ i+ MCuy
k=0 k=0
X K X K
E: ("p) (L+g.)+E; (" p) B =
k=0 k=0
X K X K
E: ("p) L+ g+ E (" p) B,k + MCuk
k=0 k=0
X K X K
o4 (" p) =E (" p) B,k + MCk
k=0 E;o

Et izo ( ! p)k Ig+k + mct+k

P = P
t , E o (" )"
Et izo ( ! p)k I:Q+k + mct+k

P = 1
1 "p
b3

P} :(1 ! p)Et (" p)k Ig+k‘|'mct+k
k=0
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General price equation in log-linearized form is given as
h [
B= "B +1 "p)P
Now putting the value of in log-linearized equation of generarice level
#

R
Bo= o8 1+ ") "E (") B+ Mmeu
k=0

We use quasi di erencing approach to eliminate in nite sumsppearing in the above equation,
consider

B "B, "pfgt 1+ "B (1 @ ") B =(1 "Dl " p)me
B "B "pBa+ B B+ B+ "B "B =1 ")@ ") oG
"B "B+ B+ "B=(1 )@ T p)me

"o B B "B B=(1 )@ "o
Py Pea _ (2 "p)@ "))
dl dl =

p
@ "p@a "y

dlog ¢ dlog +1 = (1)[o}
p
dlog—t d log t+1 _ (1 p)..(l p)mct
p
1 ")@@ "
~t ~t+l = ( p)..( o) ¢ ][

p
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Appendix C

Structural Di erences

Table 8: Financial Access Indicators

Country Loan Accounts Deposit Accounts Bank Branches
per 1000 adults per 1000 adults per 1,000,000 adults

2009 2009 2012

Bangladesh 42 319 81

Pakistan 47 226 90

Indonesia 181 484 96

India 124 680 114

Peru 367 716 697

Sri Lanka 487 1652 175

Turkey 315 1851 187

Malaysia 973 2227 199

Table 9: Currency in Circulation

Country Currency in Circulation/GDP

Average
(2006-2012)
India 0.12
China 0.11
Pakistan 0.10
Malaysia 0.06
Bangladesh 0.06
Peru 0.05
Indonesia 0.04
Sri Lanka 0.04
Turkey 0.03
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Table 10: Size of the Informal Sector

Country Informal Economy
as Percentage of
O cial Economy

Average
(1999-2007)
Peru 58.0
Sri Lanka 43.9
Pakistan 35.7
Bangladesh 35.3
Turkey 31.3
Malaysia 30.9
India 22.2
Indonesia 18.9
Iran 18.3
China 12.7
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Appendix D

Table 11: Common Equations

Levels Form \

Log-linearized Form

k= w
he = 1T ¥k
- 1
me= 2 (1 )% w oo
E P (" p) Pisiyesi(m)me
- p t i=¢ p t+iYt+i t
P‘ (m) (p 1) Et 12 (" p)'yisi(m)
h . [ .
Pt — "th 1p + (1 ||p) ﬁll p p
— R
e = E¢ tt+1
kt+1 = it + (1 )kt
Ar=exp aA;1+(1 A)A+ P

yi = expAthi kK,

w=A+(1 )+ K
Re M= w, K
e, = (1 ) Wy + I“tk Ay
~t g = S o) "p)--(lp —lc,
=Rt Et—a
R = &§+(1 K
A= AR 1+
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Table 12: Model speci c equations
MIU CIA Taylor Rule
1_- B 1_- B 1_- B
Ct - Wt Ct - Wt Ct - Wt
Ci — Wi —_ —
L= E (14 rk, )| E o= E 1+ rk, )| E&t=E Q+rk, )
1 - 1 + D B — 1
Ct Ct+1 t+1 mt Wt t+1 Ct+1
Ct+1 — Rt Wt +1 Rt Ct+1 Rt
Ct t+1 Wt t+1 Ct t+1
t& = My 1
mt:$_ttmt1 mt:$_:mt1
Pt Pt — _Pt
t Pt 1 t™ P L N
_ M _ M
m; = P—t‘ m; = P—t‘
CG+ii= W C+ii= W C+it= W
$i=exp $$¢ 1+ LVI $i=exp $$¢ 1+ {VI Ri=(R¢ 1) ©:
@
y
_t Yt
R y
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Table 13: Model speci c equations (log-linearized)

MIU CIA Taylor Rule
€& = W €& = W, & = W
Eig1 &= rHEiHy; | EWea W= T KEery, Ei6er &= r*EiHy,
ﬁDEct (€41 t~t+1)+ Et~ter + €41 = W
m+pc Tt = &
Ei6+1 & = T EtWia W = F Ei6+1 & =
M=% ~+ M1 M=% ~+ M
€& = Mg
~=P P ~=P P ~=P Pia
me= My P me= My P
set Jfi=w yet =y yet fi=w
$:= w1+ ¢ $:= w1+ ¢ Ri= rRt 1+(1  Rr) -~
+(1  RrR) ym*+ T
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Figure Al: The relationship between and Investment to GDP ratio
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