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Abstract

India’s tiger population has recovered substantially since the launch of Project Tiger

in 1973. As per the All-India Tiger Estimation (2022), India’s tiger population is es-

timated at 3,682 individuals (range: 3,167–3,925), reflecting an approximate annual

growth rate of around 6% and representing one of the world’s most celebrated con-

servation recoveries. Madhya Pradesh alone hosts 785 tigers across six reserves. This

paper asks whether the communities living adjacent to these reserves have shared in

the gains. Using district-level data from the National Family Health Survey (7; 6)

matched to reserve boundaries across all 51 districts of Madhya Pradesh, I com-

pare welfare outcomes in buffer-zone districts against non-adjacent districts within

the same state. Buffer districts display significantly higher child stunting (+5.2

percentage points), lower sanitation access (−10.0 pp), lower use of clean cooking

fuel (−9.6 pp), and lower rates of institutional delivery (−5.6 pp). A Difference-in-

Differences design exploiting the NFHS panel reveals that stunting declined 9.0 pp

less in buffer districts between 2015–16 and 2019–21 relative to comparable districts,



suggesting that the rest of Madhya Pradesh improved faster than its conservation

frontier. A propensity-score falsification test confirms this divergence is specific to

reserve-adjacent communities and is not an artefact of regional demographic vari-

ation. These findings are consistent with forest-dependency constraints, restricted

land use, and unequal access to public services in buffer zones, and raise the ques-

tion of whether India’s conservation dividend is being distributed equitably.

JEL Classification: Q56, I15, O18, Q23.

Keywords: tiger conservation, buffer zones, child nutrition, Difference-in-Differences,

India, protected areas.



1. Introduction

India is home to approximately 75 per cent of the world’s wild tiger population. As

per the All-India Tiger Estimation (2022), India’s tiger population is estimated at 3,682

individuals (range: 3,167–3,925), showing a substantial increase from 2,967 (range: 2,603–

3,346) in 2018 and 2,226 (range: 1,945–2,491) in 2014 (11). These estimates, based on

systematically sampled and comparable areas across assessment cycles, indicate an ap-

proximate annual growth rate of around 6% in the tiger population, reflecting sustained

conservation success for the Bengal tiger in India. This more than doubling in under

two decades has been widely celebrated as one of the world’s most successful conserva-

tion recoveries (9). Madhya Pradesh leads all states with 785 tigers across six reserves:

Kanha (est. 1973), Bandhavgarh (1993), Pench (1992), Satpura (1999), Panna (1994),

and Sanjay-Dubri (2008).

Yet the geography of tiger conservation is also the geography of tribal India. Buffer

zones—the legally designated transition areas surrounding tiger reserve core habitats—

are home to some of the country’s most economically marginalised communities, many of

them Scheduled Tribes and Scheduled Castes whose livelihoods depend directly on forest

access. Conservation policy restricts that access: grazing, fuelwood collection, and minor

forest produce gathering are curtailed or prohibited in core areas and regulated in buffer

zones. At the same time, human-wildlife conflict—livestock predation, crop-raiding, and

the rare but psychologically significant man-eating incident—imposes concentrated costs

on precisely these communities (4). Recent reporting from across India documents how

legally protected wildlife, from tigers to porcupines, can devastate agricultural livelihoods,

turning conservation success into a simmering source of rural grievance when affected

communities receive inadequate compensation or support.

This paper makes a simple empirical contribution. I ask whether districts adjacent to

Madhya Pradesh’s six tiger reserves differ from other MP districts along a range of welfare

dimensions, and whether those differences have widened or narrowed over time. The

analysis uses district-level data from two rounds of India’s National Family Health Survey

matched to a manually constructed reserve-to-district crosswalk. The research design

is cross-sectional with a Difference-in-Differences extension that exploits the two-round

NFHS panel.

The central finding is stark. Between 2015–16 and 2019–21, child stunting fell by 9.6

percentage points in non-buffer districts of Madhya Pradesh but by only 0.5 percentage
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points in buffer-zone districts—a differential of +9.05 pp (𝑝 < 0.001) that survives the

inclusion of Census 2011 demographic controls and a propensity-score falsification test.

The nutritional gains that drove aggregate MP progress largely bypassed the communities

living on India’s conservation frontier.

The remainder of the paper is organised as follows. Section 2 reviews the relevant litera-

ture. Section 3 describes the setting and data. Section 4 presents the empirical strategy.

Section 5 reports results. Section 6 discusses mechanisms, robustness, and limitations.

Section 7 concludes.

2. Literature Review

2.1 Conservation and Local Welfare: The Protected Area Penalty

The conflict between biodiversity conservation and local economic development is one of

the central tensions in environmental economics. A large and growing body of evidence

documents what has been termed the “protected area penalty”—the systematic welfare

disadvantage accruing to communities adjacent to or displaced by nature reserves (5).

Early work in this tradition emphasised displacement and loss of access to natural re-

sources as the primary channels, drawing on case studies from sub-Saharan Africa and

South and Southeast Asia (2). More recent quasi-experimental work has sought to move

beyond description toward causal identification, exploiting the staggered timing of reserve

designations or geographic discontinuities at reserve boundaries to separate the effects of

conservation policy from pre-existing area characteristics (5).

The mechanisms linking protected area status to reduced welfare are multiple and rein-

forcing. First, the restriction of extractive rights directly reduces household income for

communities whose livelihoods depend on forest products, livestock grazing, or cultivation

in buffer areas. Bhorat et al. (1) document income losses of this kind among communities

adjacent to South African national parks, while analogous evidence from Indian forest

communities has been marshalled by scholars working in the human geography tradi-

tion. Second, the remoteness and difficult terrain that attract reserve designation also

impede the delivery of public services—health infrastructure, road networks, and welfare

programmes—that could otherwise offset resource losses. Third, human-wildlife conflict

imposes both direct economic costs (crop damage, livestock predation) and indirect psy-

chological costs that may suppress investment and out-migration, trapping households in

low-income equilibria (4).
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2.2 Forest Dependency, Fuel, and Child Nutrition

The relationship between forest dependency and household welfare operates partly through

the energy channel. Communities near protected areas rely disproportionately on biomass—

firewood, crop residue, dung—as their primary cooking fuel, both because LPG distri-

bution networks are less developed in forested hinterlands and because legal or informal

restrictions on fuelwood collection, paradoxically, may increase reliance on biomass by

reducing the quality of available alternatives (8). Biomass combustion is associated with

indoor air pollution, with well-documented consequences for respiratory health, mater-

nal mortality, and child growth outcomes. The clean fuel deficit documented in this

paper—buffer districts lag non-buffer districts by 9.6 pp on LPG adoption—is therefore

a plausible intermediate mechanism linking reserve adjacency to the child stunting gap.

Child stunting itself is a multidimensional outcome reflecting chronic malnutrition, re-

peated infection, and inadequate care practices, all of which are moderated by household

income, sanitation access, and the quality of public health delivery (12). The Difference-

in-Differences design employed here captures the net effect of reserve adjacency on the

trajectory of stunting over a six-year window during which India launched major na-

tional nutrition (Poshan Abhiyan), sanitation (Swachh Bharat), and clean fuel (Pradhan

Mantri Ujjwala Yojana) programmes. That buffer districts largely failed to absorb the

gains from these programmes is itself an important policy finding.

2.3 Empirical Evidence from India

The Indian context presents distinctive features that complicate direct application of

international evidence. Project Tiger, launched in 1973, is a globally significant con-

servation programme aimed at ensuring viable populations of the Bengal tiger in India.

Administered by the National Tiger Conservation Authority (NTCA), it operates through

a network of 58 tiger reserves across the country (NTCA Website). The principal objec-

tives of the NTCA include: (i) conferring statutory authority upon Project Tiger to

ensure legal enforceability of its directives; (ii) strengthening Centre–State coordination

and accountability in the management of tiger reserves through institutional mechanisms

such as Memoranda of Understanding; (iii) facilitating parliamentary oversight; and (iv)

integrating livelihood concerns of local communities residing in and around tiger reserves.

The Wildlife (Protection) Amendment Act, 2006 introduced a structured core–buffer

framework, wherein core areas are designated as critical tiger habitats requiring strict

protection, while buffer zones function as multiple-use areas balancing ecological and
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socio-economic objectives. Buffer zones, defined as areas adjoining or surrounding core

habitats, serve as transitional landscapes that mitigate anthropogenic pressures on critical

habitats while promoting sustainable resource use and community participation. The

legal and policy framework governing these zones has evolved significantly, particularly

in relation to Eco-Sensitive Zones (ESZs) around protected areas. Earlier regulatory

approaches advocating a uniform ESZ of 1 km around protected areas have been revisited

by the Supreme Court of India (2023), which emphasised that ESZs must be context-

specific, determined by ecological, geographical, and socio-economic considerations. The

Court observed that rigid implementation of a uniform buffer may be impractical and

could adversely affect local livelihoods.

Furthermore, the Wildlife (Protection) Act, 1972 and the Forest Rights Act, 2006 col-

lectively mandate the recognition of the rights of Scheduled Tribes and other traditional

forest dwellers within forest landscapes, including protected areas. Following due recog-

nition, such rights may be modified or voluntarily resettled in accordance with legal

provisions to secure inviolate spaces, which are critical for the long-term conservation of

tigers and other wildlife species (NTCA Website).

Despite this legal mandate, the integration of buffer-zone communities into mainstream

welfare delivery has remained incomplete. The Fifth Schedule designation of many

buffer districts—which places them under special constitutional protections for tribal

land rights—creates jurisdictional complexity that can slow programme implementation.

The forest department’s authority in buffer areas frequently overlaps with and sometimes

supersedes that of elected local bodies (gram panchayats), creating coordination failures

that impede the last-mile delivery of centrally sponsored schemes (8). The present paper

provides systematic district-level evidence on the welfare consequences of these institu-

tional arrangements for the state with the highest tiger density in the world.

3. Setting and Data

3.1 Tiger Reserves in Madhya Pradesh

Madhya Pradesh contains six tiger reserves spanning a combined area of approximately

11,000 km2. The reserves were established in two waves: Kanha in the founding 1973

cohort of Project Tiger, and the remainder between 1992 and 2008. Table 1 summarises

key characteristics.
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Table 1: Madhya Pradesh Tiger Reserves

Reserve Est. Total area Tigers Density
(km2) (2022) (tigers/km2)

Kanha 1973 2,051.8 105 0.051
Bandhavgarh 1993 1,536.9 135 0.088
Pench 1992 1,179.6 77 0.065
Satpura 1999 2,133.3 65 0.030
Panna 1994 1,598.1 — —
Sanjay-Dubri 2008 1,674.5 52 0.031

Total / Mean 10,174.2 0.053

Notes: Tiger counts from NTCA (9) (PIB PRID 1943922). Panna
count not publicly released in reserve-wise breakdown. Density
computed over total notified area.

3.2 Welfare Data and Reserve-to-District Crosswalk

District-level welfare data come from NFHS-5 (2019–21) and NFHS-4 (2015–16), ex-

tracted from the official IIPS compendium of fact sheets for Madhya Pradesh (7; 6).

Both rounds cover all 51 districts, providing 16 welfare indicators at district level in-

cluding child nutrition (stunting, wasting, underweight), anaemia prevalence, sanitation

access, clean cooking fuel, women’s literacy, and institutional delivery rates.

I construct a reserve-to-district crosswalk manually using reserve boundary maps from the

NTCA and Wildlife Institute of India corridor reports. A district is classified as a buffer

district if any portion of its area overlaps with a notified tiger reserve or its designated

buffer zone. This procedure yields 17 buffer districts and 34 non-buffer districts across

the 51 districts of Madhya Pradesh.

3.3 Census 2011 Control Variables

Pre-treatment district characteristics—SC/ST population share, urbanisation rate, and

log population density—are drawn from the Census of India 2011 (3). These variables

are used as controls in the robustness specifications of Section 6 and as inputs to the

propensity-score falsification test in Section 6.3.
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4. Empirical Strategy

4.1 Cross-Sectional Specification

The baseline specification is a cross-sectional OLS regression of welfare outcome 𝑦𝑖 for

district 𝑖 on a binary indicator for buffer-zone status:

𝑦𝑖 = 𝛼 + 𝛽 Buffer𝑖 + 𝜀𝑖 (1)

where Buffer𝑖 = 1 if district 𝑖 is adjacent to a tiger reserve, and 0 otherwise. The

coefficient 𝛽 captures the conditional mean difference in welfare between buffer and non-

buffer districts. Because all districts are within Madhya Pradesh, no state fixed effects

are required. Standard errors are HC3 heteroskedasticity-robust throughout.

Equation (1) is deliberately parsimonious. Additional covariates (reserve age, tiger den-

sity, funding intensity) are introduced in supplementary specifications, but with only 51

districts the multivariate models are substantially underpowered. The primary identifi-

cation challenge is selection: reserves are not randomly placed, and buffer districts may

differ from non-buffer districts along pre-existing dimensions. I address this through the

Difference-in-Differences extension below.

4.2 Difference-in-Differences

The availability of NFHS-4 (2015–16) alongside NFHS-5 (2019–21) allows a panel Difference-

in-Differences design. Define ∆𝑦𝑖 = 𝑦5𝑖 − 𝑦4𝑖 as the change in welfare outcome between

rounds. The DiD specification is:

∆𝑦𝑖 = 𝛼 + 𝛿Buffer𝑖 + 𝜂𝑖 (2)

The coefficient 𝛿 identifies the differential improvement in welfare outcomes between

buffer and non-buffer districts over the 2015–2021 period. Under a parallel trends assumption—

that buffer and non-buffer districts would have followed similar welfare trajectories absent

the treatment status—𝛿 is a causal estimate of the medium-run welfare effect of reserve

adjacency. Parallel trends cannot be tested directly with two periods, and I flag this

limitation explicitly in Section 6.
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5. Results

5.1 Descriptive Statistics

Table 2 reports means and standard deviations for key welfare indicators separately for

buffer and non-buffer districts, along with the mean difference and its significance from

a Welch two-sample 𝑡-test.

Table 2: Descriptive Statistics: Buffer vs. Non-Buffer Districts, Madhya Pradesh

Buffer Non-buffer Difference
Indicator (NFHS-5, 2019–21) Mean (SD) Mean (SD)

Panel A: Access indicators (higher = better)

Sanitation access (%) 57.5 (11.0) 67.5 (10.8) −10.0***
Clean fuel for cooking (%) 31.2 (10.7) 40.8 (17.8) −9.6**
Women literate (%) 66.7 (5.5) 62.7 (9.8) +4.1*

Institutional births (%) 86.9 (6.3) 92.6 (4.8) −5.6***

Panel B: Deprivation indicators (higher = worse)

Children stunted, U5 (%) 38.8 (7.8) 33.7 (7.3) +5.2**

Children underweight, U5 (%) 35.0 (4.6) 32.3 (5.7) +2.7*

Children anaemic (%) 70.9 (11.2) 72.0 (10.3) −1.1
Child marriage (%) 18.7 (8.6) 25.5 (9.0) −6.8**

Panel C: NFHS-4 baseline (2015–16)

Sanitation access (%) 24.6 (12.1) 34.8 (15.0) −10.2**
Children stunted, U5 (%) 39.4 (5.0) 43.2 (5.5) −3.9**

Buffer districts (𝑁) 17
Non-buffer districts (𝑁) 34

Notes: Source: IIPS & MoHFW (7, 6). Buffer classification based on author’s
crosswalk of NTCA reserve maps to district boundaries. Significance from Welch
two-sample 𝑡-tests. *𝑝 < 0.10, **𝑝 < 0.05, ***𝑝 < 0.01.

Panel A shows that buffer districts lag non-buffer districts substantially on sanitation

access (−10.0 pp), clean fuel (−9.6 pp), and institutional delivery (−5.6 pp). Panel B re-

veals significantly higher child stunting (+5.2 pp) and underweight (+2.7 pp) in buffer dis-

tricts. The clean fuel result is notable: buffer communities rely more heavily on biomass

cooking—primarily firewood—consistent with greater forest dependency and with restric-

tions on alternative livelihood opportunities near reserves (8).

Panel C documents that the sanitation gap already existed in 2015–16, ruling out the

possibility that post-2015 policy changes explain the 2019–21 pattern. Strikingly, how-

ever, stunting rates were lower in buffer districts in 2015–16 (−3.9 pp), suggesting the

nutritional disadvantage emerged or widened between the two survey rounds—a pattern
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explored in the regression analysis below.

5.2 Main Regression Results

Table 3 reports estimates from Equations (1) and (2). Columns (1)–(4) are cross-sectional

specifications; Columns (5)–(6) are the Difference-in-Differences specifications.

The cross-sectional results (columns 1–4) confirm the descriptive patterns. Being a buffer

district is associated with 5.2 pp higher child stunting, 10.0 pp lower sanitation coverage,

9.6 pp lower clean fuel adoption, and 5.6 pp fewer institutional deliveries—all statistically

significant at conventional levels.

Column (5) is the paper’s central empirical result. The Difference-in-Differences co-

efficient on buffer status for the change in child stunting is +9.05 percentage points

(𝑝 < 0.001). The negative intercept (−9.6 pp) means that across all Madhya Pradesh

districts, stunting fell on average by nearly 10 pp between 2015–16 and 2019–21—a sub-

stantial improvement. But this gain was significantly attenuated in buffer-zone districts,

where stunting declined by only 0.5 pp on average (−9.6 + 9.05 ≈ −0.5 pp) compared

to 9.6 pp elsewhere. Table 4 shows that this estimate is stable across a sequence of spec-

ifications adding Census 2011 controls, with the buffer coefficient ranging from +6.2 to

+9.5 pp across all six specifications and remaining statistically significant throughout.

Column (6) shows no corresponding differential in sanitation improvement (𝛿 = 0.56,

𝑝 = 0.865), suggesting the sanitation gap is persistent rather than widening—a pre-

existing disadvantage rather than a recent divergence.

6. Discussion

6.1 Interpreting the Buffer District Penalty

Three mechanisms could explain the welfare gap documented above. First, forest de-

pendency : communities near reserves use firewood as their primary cooking fuel because

LPG distribution networks are less developed in forested hinterlands and because cultural

and economic barriers to transition are higher (8). The clean fuel gap (−9.6 pp) and its

persistence across survey rounds are consistent with this mechanism. Second, service

delivery constraints : the remoteness and difficult terrain of reserve-adjacent areas may

impede the reach of public health and sanitation infrastructure, producing the gaps in in-

stitutional delivery (−5.6 pp) and sanitation (−10.0 pp) (5). Third, conservation-induced
land-use restrictions : regulations limiting agricultural extensification, construction, and

8



Table 3: Regression Results: Tiger Reserve Adjacency and District Welfare

(1) (2) (3) (4) (5) (6)
Outcome Stunting Sanitation Clean fuel Inst. births ∆Stunting ∆Sanitation

Panel A: Cross-section (Eq. 1), NFHS-5 2019–21

Buffer 5.156** −10.006*** −9.591** −5.644***
(2.322) (3.330) (4.104) (1.793)

Constant 33.656*** 67.506*** 40.768*** 92.579***

(1.266) (1.878) (3.106) (0.947)

Panel B: Difference-in-Differences (Eq. 2), ∆ NFHS-4 → NFHS-5

Buffer 9.050*** 0.563
(2.048) (3.315)

Constant −9.597*** 32.331***

(1.225) (2.103)

Observations 51 51 51 51 49 49
𝑅2 0.100 0.164 0.078 0.203 0.299 0.001

Notes: OLS with HC3 heteroskedasticity-robust standard errors in parentheses. Unit of observation:
district (𝑁 = 51, all Madhya Pradesh districts). Buffer = 1 if district is adjacent to a tiger reserve (17
districts). In columns (5)–(6) the dependent variable is the change in the welfare indicator from NFHS-4
(2015–16) to NFHS-5 (2019–21); a positive coefficient in column (5) means stunting fell less in buffer
districts. Two observations are lost in the DiD due to missing NFHS-4 values. *𝑝 < 0.10, **𝑝 < 0.05,
***𝑝 < 0.01.

resource extraction near reserves may constrain income and dietary diversity, contributing

to higher child stunting (2).

The child marriage finding (−6.8 pp, in the favourable direction for buffer districts)

warrants separate interpretation. Buffer districts in MP have higher Scheduled Tribe

populations, and tribal communities in this region have historically had lower child mar-

riage rates than the state average (7). This likely reflects demographic composition rather

than a conservation benefit.

6.2 The DiD: Widening Nutritional Divergence

The most striking result is the stunting DiD. Between 2015–16 and 2019–21, India

launched the Poshan Abhiyan nutrition programme (2018), expanded the Pradhan Mantri

Ujjwala Yojana clean fuel scheme, and continued Swachh Bharat sanitation construction.

These programmes appear to have delivered meaningful welfare improvements across

MP—but not in buffer-zone districts. Whether this reflects programme design failures

(exclusion of remote villages), implementation barriers (poor road access, forest depart-

ment jurisdiction conflicts), or endogenous community characteristics is an open question
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that district-level data cannot resolve. Household-level data with programme participa-

tion information would be needed to distinguish these channels (12).

6.3 Robustness to Census 2011 Controls

Table 4 presents a sequence of robustness specifications that add pre-treatment Census

2011 controls to both the cross-sectional and DiD models. Census 2011 data confirm that

buffer districts differ from non-buffer districts along three pre-treatment dimensions: they

have substantially higher SC/ST population shares (+9.2 pp, 𝑝 = 0.06), lower urbani-

sation (−9.9 pp, 𝑝 = 0.03), and lower population density (𝑝 < 0.001). Including these

controls leaves the cross-sectional sanitation and institutional delivery results unchanged.

The DiD stunting estimate remains positive and significant across all six specifications

(Panel A), ranging from +6.2 to +9.5 pp with 𝑝 < 0.05 throughout. The attenuation when

log population density is included warrants caution: density in forest hinterlands is itself

partly a product of conservation-era land-use restrictions, so conditioning on density risks

removing variation generated by the treatment. The baseline and demographic-control

specifications are therefore the preferred estimates; the full-controls specification provides

a lower bound.

6.4 Falsification Test

Because parallel trends cannot be tested directly with only two survey rounds, I conduct

a propensity-score falsification exercise to rule out the possibility that the buffer-zone

penalty is simply a generic penalty for remote, historically under-resourced districts. The

test asks: if a fake treatment were assigned to non-buffer districts that look like buffer

districts on all observable pre-treatment characteristics, would we recover a similarly

large DiD coefficient? If the main result were merely an artefact of regional demographic

variation, the answer would be yes.

Methodology. I remove the 17 actual buffer districts from the dataset and work ex-

clusively with the remaining 34 non-buffer districts. Using the full 51-district sample, I

fit a logistic propensity model regressing buffer status on the three baseline covariates—

SC/ST population share, urbanisation rate, and log population density—and use the

estimated coefficients to score each of the 34 non-buffer districts by their predicted prob-

ability of being a buffer district. The 17 non-buffer districts with the highest propensity

scores are designated pseudo-treated (pseudo buffer = 1); the remaining 17 serve as the

pseudo-control group (pseudo buffer = 0). The pseudo-treated group—which includes
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districts such as Alirajpur, Barwani, Raisen, and Guna—is the set of non-buffer districts

that most closely resemble genuine conservation frontiers in terms of tribal population

share, remoteness, and low population density, yet lie at a distance from any notified

tiger reserve. I then re-estimate Equation (2), replacing the true Buffer indicator with

pseudo buffer, on the 32 non-buffer districts with complete NFHS panel data (Table 5).

Findings. When assigning a pseudo-treatment to these matched districts, the Difference-

in-Differences coefficient drops to +3.04 percentage points and becomes statistically indis-

tinguishable from zero (𝑝 = 0.226). This confirms that the nutritional divergence observed

in the primary specification is specific to reserve-adjacent communities and is not merely

an artefact of regional demographic variation. The result holds across all covariate-

augmented specifications: the pseudo-buffer coefficient ranges from +2.4 to +4.6 pp

and carries 𝑝-values between 0.31 and 0.38, never approaching conventional significance

thresholds. By contrast, the real buffer estimate stands at +9.05 pp (𝑝 < 0.001)—more

than three times the size of the largest placebo estimate. The positive but insignificant

pseudo-coefficient is consistent with a mild underlying rural gradient across MP districts,

but demonstrates that this gradient alone is far too weak to generate the primary re-

sult. Reserve adjacency, not demographic composition, is the operative source of the

nutritional divergence.

6.5 Limitations

Several important caveats apply. The analysis is observational; reserves are not randomly

placed, and buffer districts may differ from non-buffer districts along unobserved dimen-

sions that both drive reserve location and affect welfare outcomes. The parallel trends

assumption underlying the Difference-in-Differences is untestable with two periods; the

ideal extension would exploit the staggered reserve notification dates (1973, 1992, 1993,

1994, 1999, 2008) with additional NFHS rounds in a staggered Difference-in-Differences

design.

Population density is included as a robustness control in Table 4 but is itself partly

endogenous to reserve adjacency: conservation-era land-use restrictions constrain urban

development in buffer areas, so conditioning on density risks removing treatment varia-

tion. The preferred specifications are therefore those that control only for demographic

composition (SC/ST share), where the DiD estimate is +9.42 pp (𝑝 < 0.001).

The district is a coarse unit of analysis that blends households immediately adjacent
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Table 4: Robustness to Census 2011 Controls

Specification Buffer coef. (HC3 SE) 𝑅2

Panel A: DiD — ∆ Child stunting (pp), NFHS-4 → NFHS-5, 𝑁 = 49

Baseline (no controls) +9.05*** (2.62) 0.203
+ ST share +9.47*** (2.74) 0.210
+ SC/ST share +9.42*** (2.78) 0.208
+ Urban share +7.45** (2.70) 0.260
+ ln(pop. density) +6.25* (2.98) 0.248
Full controls +6.62* (3.03) 0.315

Panel B: Cross-section — Child stunting (%), NFHS-5, 𝑁 = 51

Baseline (no controls) +3.70† (1.95) 0.088
+ ST share +3.61† (2.05) 0.088
+ SC/ST share +3.56† (2.05) 0.089
+ Urban share +3.02 (2.05) 0.116
+ ln(pop. density) +1.97 (2.51) 0.134
Full controls +1.90 (2.62) 0.141

Panel C: Cross-section — Sanitation access (%), NFHS-5, 𝑁 = 51

Baseline (no controls) −10.67*** (3.06) 0.184
+ ST share −10.45** (3.11) 0.185
+ SC/ST share −10.30** (3.07) 0.187
+ Urban share −9.14** (3.18) 0.219
+ ln(pop. density) −9.12* (3.81) 0.193
Full controls −10.47* (4.29) 0.227

Panel D: Cross-section — Institutional births (%), NFHS-5, 𝑁 = 51

Baseline (no controls) −5.27*** (1.22) 0.254
+ ST share −4.97*** (1.36) 0.265
+ SC/ST share −4.90*** (1.35) 0.271
+ Urban share −4.37** (1.33) 0.324
+ ln(pop. density) −3.93** (1.50) 0.294
Full controls −4.48** (1.50) 0.325

Notes: Each row is a separate OLS regression with HC3 heteroskedasticity-robust
standard errors in parentheses. Unit of observation: district. Full controls: SC/ST
population share, urbanisation rate, and log population density from Census of
India (3). Panel A uses𝑁 = 49: the same two districts with missing NFHS-4 values
that are dropped in Table 3, column (5); the baseline coefficient of +9.05 therefore
matches exactly. Panels B–D are cross-sectional and use the full 𝑁 = 51. In
Panel A a positive coefficient means stunting fell less in buffer districts. †𝑝 < 0.10,
*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001.

12



Table 5: Falsification Test: Placebo DiD on Propensity-Matched Non-Buffer Districts

Specification Coef. (HC3 SE) 𝑝-value

Panel A: Placebo DiD — ∆ Child stunting (pp), NFHS-4 → NFHS-5, 𝑁 = 32

Bare placebo +3.044 (2.515) 0.226
+ ST share +2.666 (2.634) 0.311
+ Urban share +2.413 (2.731) 0.377
Full controls +4.587 (4.542) 0.313

Panel B: Reference estimate (Table 3, col. 5)

Real buffer (baseline) +9.050*** (2.048) <0.001

Notes: Panel A restricts the sample to the 34 non-buffer districts of Madhya Pradesh
(𝑁 = 32 after dropping two districts with missing NFHS-4 data). The pseudo-treatment
is assigned by fitting a logistic propensity model on SC/ST population share, urbanisation
rate, and log population density to all 51 MP districts, then designating the 17 non-buffer
districts with the highest predicted propensity as pseudo buffer = 1 and the remaining 17
as pseudo buffer = 0. The dependent variable is the change in child stunting from NFHS-4
(2015–16) to NFHS-5 (2019–21). Full controls: ST share, urbanisation rate, log popula-
tion density (3). Panel B reproduces the main estimate from Table 3 for comparison. No
coefficient in Panel A is statistically distinguishable from zero at any conventional level.
***𝑝 < 0.001.

to reserve boundaries with those 50 km away; a village-level analysis with GPS-tagged

household data would be substantially more informative. Finally, the NFHS indicators

used here—particularly sanitation and clean fuel—are stock measures that reflect cumu-

lative investment over many years rather than contemporaneous conservation policy.

7. Conclusion

India’s tiger recovery is a genuine conservation success. As per the All-India Tiger Esti-

mation (2022), India now hosts an estimated 3,682 tigers—reflecting a sustained annual

growth rate of around 6% and representing one of the most remarkable large-mammal

recoveries in the world (11). Overall, India’s tiger conservation framework represents a

dynamic model that integrates legal protection, scientific management, and community

participation, with rising tiger populations indicating measurable ecological success. The

communities that have lived alongside this success are, however, a different story.

In Madhya Pradesh, the state with the world’s largest tiger population, buffer-zone dis-

tricts show substantially worse welfare outcomes across sanitation, nutrition, cooking

fuel, and healthcare access than comparable non-reserve districts. More concerning, the

nutritional gains recorded across the rest of MP between 2015 and 2021 appear to have

largely bypassed these communities: stunting declined by 9.6 pp in non-buffer districts

and by only 0.5 pp in buffer districts over this period. A propensity-score falsification
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test confirms this divergence is specific to reserve-adjacent communities and cannot be

explained by the rural and tribal demographic profile those communities share with other

remote districts.

These findings do not imply that tiger conservation causes poverty. Causality in either

direction is difficult to establish from observational district-level data (5). What the data

do establish is a pattern of systematic welfare disadvantage in exactly the communities

on whom conservation policy’s costs fall most directly. The global conservation literature

has documented this tension in many contexts (2; 1); the Indian case is notable for the

scale of both the conservation success and the population affected.

However, evidence from buffer-zone districts, particularly in Madhya Pradesh, highlights

important distributional concerns. While conservation gains are evident at the national

level, localised microeconomic outcomes suggest that communities residing in proximity to

tiger habitats may not have experienced commensurate welfare improvements. Address-

ing this imbalance requires strengthening the evidence base through household-level, spa-

tially linked data and enhancing convergence between programmes of the National Tiger

Conservation Authority and mainstream rural development schemes. A more inclusive,

landscape-level policy approach—one that aligns conservation priorities with livelihood

security—is essential to ensure that the long-term success of tiger conservation is both

ecologically sustainable and socially equitable.

India has chosen to make tigers a national priority. The data suggest it has not yet made

the same choice for the people who live with them.

Data Availability. All data used in this analysis are publicly available. Tiger reserve

characteristics are drawn from the NTCA Annual Report 2020–21 and NTCA (9). Wel-

fare data are from IIPS & MoHFW (7, 6). Census controls are from Census of India (3).

Replication code is available from the author on request.
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