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Decentralized approaches to natural resource governance can promote
conservation while reducing poverty in the Global South. However,

the local benefits under decentralized governance are often unequal,
reflecting extant social inequalities. Thereis alack of rigorous evidence
from national-scale studies showing how decentralization programmes
affectinequality compared with what is observed in decentralization’s
absence, and extant theory leads to competing hypotheses about such
effects. We use data from a large-scale forestry-sector decentralization
programme in Nepal during 2001-2011 to test general theories regarding
the effects of suchinitiatives oninequality. We analyse census micro-data
from two nationwide censuses, which we merge with administrative data
ontheimplementation of decentralization and analyse through a two-way
fixed-effects estimation approach. We find evidence suggesting that Nepal’s
programme delivers significant poverty-alleviating benefits to the dominant
ethnicand caste groups and comparatively smaller benefits to members of
marginalized minority groups, resulting in apparentlocal increases in rural
inequality associated with the programme. Thus, even relatively progressive
programmes, such as Nepal’s, may lead to potential trade-offs between
poverty alleviation, environmental conservation and inequality outcomes.
Improved compliance with equity provisions may help to equalize effects, as
could more substantial targeted benefits.

Decentralized, community-based approaches to natural resource
governance canimprove environmental management while reducing
rural poverty'* Programmes based on this logic have created natural
resource user groups—local committees of resource users with man-
agement authority over common-pool resources—in communities
across the Global South, and decentralization has long been one of
the leading natural resource policy instruments®*. Such governance
approaches canalleviate poverty among rural households by expand-
ing rights of access to the natural resources upon which they depend,
creating new opportunities for resource-based livelihood activities
and raising natural resource revenues that local user groups caninvest

inlocal development or pay back to programme participants in the
form of cash benefits?.

Despite apparent successes, one of the key challenges facing
decentralized natural resource governance approaches is that of
inequality”®, with relatively wealthy local households, male-headed
households and households belonging to the dominant ethnic groups
appearing toreap the most benefits under decentralization®’. Thereis,
however, alack of rigorous evidence showing whether decentralized
governance approaches make inequality better or worse compared
with pre-existing policy arrangements. For example, past research
suggests a 4.3% relative decrease in average rural poverty rates as a
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result of Nepal’s forestry decentralization programme’, which had
enlisted a large share of the country’s households to manage more
than one-third of the country’s forests by 2020'°. Understanding how
this policy has impacted rural inequality, however, would require a
theoretical and methodological approach that disaggregates the
programme’s effects on poverty rates according to socially relevant
sub-populations that map onto longstanding patterns of social and
economic marginalization.

Through such an approach, our study estimates the impacts of
Nepal’s forestry decentralization programme on local inequality in
rural areas. We use this programme, which is seen as a model decen-
tralization policy, to test competing theoretical expectations and
investigate underlying causal mechanisms. Our work moves the current
state of the knowledge forward on several fronts. First, while numer-
ous studies—especially those employing qualitative methods—have
described various inequalities that occur under decentralized for-
est management regimes without systematically comparing these
outcomes to those that occur in the absence of decentralization (for
example, refs. 6,11), this does not necessarily indicate how much bet-
ter or worse inequality is under forestry decentralization as there are
probably inequalities in the absence of decentralization as well. Sec-
ond, other studies do make such comparisons with outcomes in the
absence of decentralization, but employ dependent variables that do
not capture the poverty differences between members of historically
marginalized and advantaged social groups that are of primary interest
inourstudy (forexample, refs. 5,12). These bodies of research have been
valuable for highlighting variousinequalities related to forestry decen-
tralization. Building upon this work, the current study uses large-scale,
nationwide datafromacountry undergoing aforestry decentralization
programme to measure poverty gaps between households belonging to
marginalized and advantaged social groups, and to estimate the impact
of decentralization onthose poverty gaps by making comparisons with
outcomesinthe absence of decentralization. This analysisis timelyin
light of growing debates about potential interactions, trade-offs and
synergies between the multiple environmental, economic and social
outcomes from conservation policy instruments*" and sustainable
development efforts™.

Decentralization can create both economic benefits and
burdens for rural resource users, which in turn lead to changes in
rural poverty. In the case of forestry decentralization, for example,
the potential poverty-alleviating benefits of decentralization may
include the expanded availability of subsistence forest products (such
asfirewood, fodder and wild foods) for rural users, owing to reforesta-
tion, and the aforementioned livelihood and cash benefits made availa-
ble torural households"’. The economic burdens of decentralization for
rural households may include new limits and fees on the collection of
forest products, restrictions on the conversion of forests to agricultural
land and the temporary closure of forests to promote regrowth’”*",
While the impact of decentralization on average rural poverty rates, as
estimated in previous studies’, depends upon the net impact of these
various benefits and burdens for the average rural household, the effect
of decentralization oninequality depends upon the heterogeneity of
that netimpact across different rural sub-populations.

Hypotheses

We test two competing hypotheses. First, we propose Hypothesis 1
(H1): decentralized resource governance alleviates inequality. There
are theoretical reasons to expect that inequality may not be as severe
under natural resource decentralization compared with the institu-
tional arrangements that decentralizationis implemented to replacein
Global South countries—arrangements that are often characterized
by informal domination by local elites through self-organized local
institutions. Even where central governments have de jure prop-
erty rights over natural resources, they are often unable to monitor
and enforce them over large resources in rural areas, leading to de

facto open access scenarios or governance through rules and norms
that are self-organized locally'. Self-organized local institutions
often reflect the preferences of traditionally dominant members
of the community, and channel disproportionate benefits to those
community members''5,

The formal, externally imposed rules implemented under a
decentralized resource governance programme may therefore reduce
inequality by providing some constraints on the powers of the local
dominant groups. Decentralized resource governance programmes
may also encourage social inclusion and more equal benefit shar-
ing through formal policy provisions targeting benefits toward, or
encouraging the participation of, marginalized households™”. The
equity-focused provisions in the Nepalese programme, described
below, are evidence of this. Local elites have little incentive to adopt
such measures in the absence of policy mandates from above. Taken
together, this suggests that more natural resource benefits may accrue
to households belonging to marginalized groups under decentraliza-
tion, compared with under the typical pre-decentralization scenarios.

Conversely, we propose the competing hypothesis 2 (H2): decen-
tralized resource governance worsens inequality. There is reason
to believe that the formal institutions and bureaucratic structures
inherent to decentralized resource governance may merely empower
members of dominant groups further®. This is because members of
historically dominantsocial groups tend to be moreliterate, politically
connected and advantaged whenit comes to dealing with bureaucrats,
and are often treated as ‘gatekeepers’ by government officials”*%?',
They are therefore better able to navigate the processes of natu-
ral resource decentralization programmes and to influence local
rules. Where dominant groups can manipulate processes and rules,
they may also eventually receive higher proportions of benefits gen-
erated from decentralized management efforts, or be better able
to avoid the aforementioned economic burdens of decentraliza-
tion*. Furthermore, if they have better access to capital and mar-
kets, members of dominant groups may be better equipped to use
their natural resource rights productively under decentralization.
If the distribution of resource-related benefits and burdens is more
unequal under decentralization compared with the distributionin the
absence of decentralization, such programmes may enrich members
of dominant groups without delivering equivalent benefits to the
marginalized. This suggests the potential for worse inequality under
such programmes.

Multiple mechanisms may connect decentralization to poverty
andinequality. As discussed above, existing theories lead to two com-
peting predictions regarding the effects of decentralization on local
inequality. Itisalso possible that the effect is null, and neither hypoth-
esisissupported. However, because decentralization’simpacts onine-
quality depend uponits potentially heterogeneous impacts on poverty,
any positive, negative or null effect on inequality could be explained
by multiple causal mechanisms. For example, decentralization may
increase inequality if it increases poverty among the marginalized
while alleviating poverty among the advantaged, or ifit simply benefits
the advantaged more than the marginalized, since either mechanism
would widen the gap between the two sub-populations.

We were able to identify 13 such mechanisms, summarized in
Table 1. We designed our empirical approach to not only test Hland H2,
buttogenerate information onthe underlying mechanism. Thisinfor-
mationis highly policy-relevantinlight of the fact that the 13 potential
mechanisms summarized in Table 1 vary in terms of their normative
desirability. For example, more than one-third of the mechanisms
summarizedin Table1, even some of the potentialinequality-alleviating
mechanisms, imply higher rates of poverty for certain sub-populations
asaresult of decentralization. Other mechanisms can be conceptual-
ized as Paretoimprovements because they imply that decentralization
provides poverty-alleviating benefits to at least one group without
making any other group poorer.
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Table 1| Potential impacts of natural resource decentralization on inequality, through its potentially heterogeneous impacts

on poverty

Effect on inequality Effect on poverty among the

Effect on poverty among the

advantaged groups marginalized groups
(+) (++) Programme harms all, but harms marginalized the most
- + Programme harms marginalized while benefiting advantaged
+ Negligible + Programme harms marginalized without benefiting advantaged
) -) Programme benefits marginalized less than advantaged*
- Negligible Programme benefits advantaged only*
+ + Programme harms all equally
Negligible Negligible Negligible No effect for any group
- - Programme benefits all equally*
Negligible - Programme benefits marginalized only*
“-) ) Programme benefits marginalized more than advantaged*
- + Negligible Programme harms advantaged without benefiting marginalized

+ -

Programme harms advantaged while benefiting marginalized

(++) +)

Programme harms all, but harms advantaged the most

‘+"indicates an increase in poverty or inequality in comparison with outcomes in the absence of decentralization, while ‘-’ indicates a decrease. ‘(+)" and ‘(++)’ refer to increases in poverty that
are weaker or stronger in comparison with those of the other sub-population, respectively. (=)’ and ‘(=)' refer to decreases in poverty that are weaker or stronger in comparison with those of
the other sub-population, respectively. Pareto-improving impacts, denoted by an asterisk (*), decrease poverty among one sub-population (marginalized or advantaged) without increasing

poverty among the other.

Empirical case

We use the case of Nepal during the 2001-2011 period to test these
general hypotheses about the effects of decentralization on inequal-
ity. Since the early 1990s, the Government of Nepal has been hand-
ing over patches of forested land to local communities and providing
those communities with collective rights to manage and use these
community forests under the community forestry programme®* 2,
Duringthis period, local forestry officials have beenimplementing the
programme by establishing Community Forest User Groups (CFUGs)—
village-level forest management groups with official management
authority under the programme—in rural villages across the coun-
try. As of 2011, local officials had registered more than 17,000 CFUGs,
with more than 22,000 registered by 2020'*.

The programme offers subsistence benefits to rural households—
suchasfodder for domesticated animals, firewood, other non-timber
forest products or small timber that local people can collect from
the community forest—paid employment opportunities in the CFUG
or cash benefits, such as micro-loans or grants paid by the CFUG to
member households”*°, Local villagers participate in CFUGs through
avariety of activities, such as attendance of CFUG governance meet-
ings (which accounted for roughly half of the time and effort that
member households allocated to CFUG participation according to
one study®®) and maintenance or monitoring activities (such as cutting
fire lines, planting trees, thinning or serving as forest watchers)”*°.
Previous research indicates substantial variation in the depth of
members’ participation™”.

As previous research describes, while the central government
guidelines structure how CFUGs constitute themselves and manage
community forests, there is still some variation in CFUG governance
characteristics®. Typically, local people define membership criteria
when a CFUG is formed, and those criteria are usually based primar-
ily on households’ proximity to the forest. There is variation in the
demographic profiles of the executive committees of locals that lead
CFUGs. Fundingtolocal CFUGs has historically come from acombina-
tion of forest product sales, foreign donor funding, membership fees,
penalties for rule breaking and interest charged on credit provided by
the CFUG. CFUGs have spent those funds on expenses related to for-
est management and on programmes related to local development or

the supportoflocallivelihoods. These governance characteristics are
typically defined in the governing documents of each CFUG, though
there is some variation in the extent to which CFUGs update these
documents on a regular basis, as prescribed by government policy,
andinthedegree to which the content of these governing documents
complies withgovernment guidelines regarding CFUG governance®*,

There are pronounced disparities in Nepal based on ethnicity
and caste. Brahmins, Chhetris and Newars make up the historically
advantaged ethnic and caste groups in terms of human development
outcomes (health outcomes, literacy and educational attainment),
economicstatus and wealth, and political representation””. Dalit castes
andJanajatigroups (state-recognized indigenous and ethnic minority
groups) have consistently scored lower than the Brahmin, Chhetriand
Newar groups, onaverage, in terms of human development®, political
representation’, empowerment®, chronic and structural poverty*
and upward mobility®’. The Newar community is sometimes, but not
always, identified as aJanajati group. However, owing to their tradition-
allyadvantaged status, we follow previous scholarship in grouping the
Newar community with the Brahmin and Chhetri communities, and
using the term ‘Janajati’ to mean ‘non-Newar Janajati**. In addition,
other minority groups, such as Muslims and certain non-Dalit Hindu
castes, especially in the southern region of the Terai, have faced various
forms of marginalization®.

The forestry decentralization programme was designed with
these longstanding social inequalities in mind. Government guidelines
direct CFUGs to provide marginalized groups with representation
in CFUG executive committees, poverty-alleviating benefits funded
from the CFUG budget, designated forest areas for livelihood activi-
ties and free or subsidized forest products®*. Despite these progres-
sive features, prior evidence suggests that ethnicity- and caste-based
inequalities persist. Historically, Dalits, Janajatis and other minority
households have been less likely to participate substantively in CFUG
decision-making”*****¢, and some of the subsistence and cash ben-
efits fromdecentralized forestry may flow disproportionately toward
Brahmin, Chhetri and Newar households®. Qualitative case studies
and other survey research corroborates this general story, even where
households belonging to marginalized groups comprise a share of
forest users®*,
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Fig. 1| Estimates of rural inequality in the presence and absence of the
decentralized forestry programme. Each estimate represents the average
predicted difference in the poverty index between households from agiven
ethnicity/caste category and Brahmin/Chhetri/Newar (BCN) householdsin the
same ward on the basis of the results of a two-way fixed-effects model fitted on
samples of households from population censuses in 2001 and 2011. Treated
households are defined as those with forestry decentralization implemented in

Janajati - BCN Other minority - BCN

their ward by the year of the census, whereas control households are defined as
those without (Methods). Positive values indicate that average poverty indices
for households belonging to agiven group are higher compared with poverty
indices for Brahmin/Chhetri/Newar households in the same ward. N = 522,440
householdsincluded in model estimation. Robust 95% confidence intervals,
corrected for clustering at the ward level. See Methods for details on the data and
modelling approach.

We measured poverty among 522,440 rural Nepalese households
using data from the 2001 and 2011 population censuses, calculat-
ing a multi-dimensional poverty index for households in the census
samples on the basis of multiple indicators related to households’
material deprivations along three dimensions—health, education and
living standards, following previous researchin this context'. We used
records from the Department of Forests to identify when each ward—
the smallest officially defined geographic unitin the country—received
its first implementation of the decentralized forestry programme,
defining implementation as the formation of the first CFUG in that
ward. To test H1 and H2, we fit a linear two-way fixed-effects model to
the household-level micro-data, generating within-ward estimates of
ethnic- and caste-based inequality, as well as predicted within-ward
differences in those estimates of inequality on the basis of the local
presence or absence of the decentralized forestry programme. See
Methods for additional details on the data and methods.

Estimates from the model suggest that, in the absence of the
programme, households belonging to the historically marginalized
Dalit, Janajati and other minority groups scored higher onthe poverty
index compared with households in the same ward belonging to the
relatively advantaged Brahmin, Chhetri and Newar groups (P < 0.001
for all estimates), which is consistent with previously noted patterns
ofinequality in Nepal®. More importantly, interaction term estimates
fromthe model suggest that theimplementation of the forestry decen-
tralization programme in a ward predicts wider inequalities in pov-
erty indices between the various groups, which is consistent with H2.
Figure 1shows these estimates visually. On the basis of the results of the
two-way fixed-effects model, localimplementation of the programme
predicts within-ward poverty gaps that are roughly 0.15standard devia-
tion units larger between Dalit households compared with Brahmin,
Chhetrior Newar householdsin the same ward (P < 0.001), with similar
predicted increases in the within-ward poverty gap between other
minority and Brahmin, Chhetri or Newar households (P=0.005) and
smaller predicted increases in the within-ward poverty gap between
Janajatiand Brahmin, Chhetri or Newar households (P=0.007). Thus,
inequality is more severe with the decentralized forestry programme
inplace. Fullmodel results are presented in Supplementary Note 1.

We generated sub-group estimates of the effect of the decentral-
ized forestry programme on poverty indices for households belonging

to each of the four ethnicity and caste categories on the basis of con-
trasts fromthe model. These estimates, which are presented visually in
Supplementary Note 1, help to situate our results among the multiple
mechanisms through which decentralization can reshape inequality
(Table1). The estimated effect of the programme on poverty is strong-
est among Brahmin, Chhetri and Newar households, equating to a
predicted changeinthe poverty index of roughly -0.16 standard devia-
tion units for these households (P < 0.001). For Janajati households,
the estimated effect of the programme is smaller, corresponding to a
change in the poverty index of about —0.04 standard deviation units
(P=0.006). Among Dalit and other minority households, the esti-
mated effects of the programme on poverty indices are substantively
close to zero and not statistically significant (P=0.532 and P=0.877,
respectively). While moderately sized confidence intervals do not
allow us to completely rule out the possibility that the programme
may have an effect on poverty for households belonging to the Dalit
and other minority groups, we fail to reject the null hypothesis that the
programme has no effect on poverty for these households, and thus
find no convincing statistical evidence of such effects.

Taken together, these sub-group estimates indicate a potential
causal mechanism explaining the effects of the programme oninequal-
ity as estimated previously through the interaction terms. While the
interaction estimates presented previously suggest that decentraliza-
tion widens local poverty gaps between ethnic and caste groups, the
sub-group estimates suggest that the programme does so because it
delivers benefits that decrease poverty among the historically advan-
taged Brahmin, Chhetri and Newar groups while having weaker (or
null) impacts on poverty among members of the marginalized minor-
ity groups. We therefore find no evidence in support of an alternative
potential mechanism proposed in Table 1-that the programme widens
inequality by worsening poverty among households belonging to
marginalized ethnic and caste groups.

One limitation of our analysis is that we are unable to compare
the estimated effects of decentralized forestry on inequality to those
of other donor projects or government-sponsored initiatives. How-
ever, in Supplementary Note 2, we contextualize the estimates from
these results by comparing them with broader inequality trends in
Nepal between 2001 and 2011. During this period, a number of social
and policy-related factors impacted rural poverty, as discussed in
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Supplementary Note 2. This additional analysis suggests that the esti-
mated effects of the programme on inequality appear substantively
small in comparison with broader variations in inequality during the
same period.

Discussion

Thisstudy contributes to the body of evidence on the humanimpacts
of environmental policies and sustainability initiatives*****° by pro-
viding statistical estimates of the impacts of natural resource decen-
tralization on extant, local-level inequalities in a large, nationwide
sample. While the programme is associated with small increases in
observedinequality, we find no evidence associating decentralization
with on-averageincreasesin poverty among households belonging to
marginalized minority groups, building upon previous studies suggest-
ing that forestry decentralization has a net positiveimpact on alleviat-
ingrural poverty'. Furthermore, we hold that there is still the potential
for programmes like this one to be improved so that they alleviate
inequality and poverty jointly. Future research and policy experimenta-
tion should focus on this aim. Recent research suggests that some of
the aforementioned equity-focused elements of Nepal's programme
had uneven compliance during the period of our study®, which sug-
gests that improving monitoring and enforcement of equity-related
programme features may be enough to make decentralization a
‘win-win’ for inequality and poverty alleviation. Furthermore, there are
likely new reforms to decentralization programmes that can enhance
their impacts on poverty while creating new inequality-alleviating
benefits, such as reforms that make it easier for rural households to
establish resource-based commercial enterprises under these pro-
grammes, coupled with targeted capacity-building and other supports
for historically marginalized groups®**°. Coupling natural resource
decentralization with payment schemes may also help to equalize
outcomes under decentralizationif such payment schemestarget the
marginalized effectively*.

Nepal’s decentralized forestry programme is an ideal test case
through which to test our hypotheses, not only because it is a mature
programme that is often regarded as amodel decentralization policy,
but also because it is an exceptionally progressive one from the per-
spective of equity”®. Nonetheless, readers should not assume that
the present or future effects of Nepal’s decentralization programme
are necessarily the same as the estimated effects of the programme
during the study period. In the years since, Nepal has transitioned to
afederal state, forest-dependent livelihood strategies have become
less common in some rural areas (owing to migration and other fac-
tors)?>*%** and forestry-sector policy has evolved incrementally*.
Furthermore, some research suggests that the Scientific Forest
Management programme, promoted through government policies
over the past decade to commercialize community forests in Nepal
through the prioritization of high-value timber varieties in some com-
munities, may disproportionately benefit local elites**. We encourage
future research on these more recent developments.

Several other important questions remain in light of our study.
First, our household-level analysis is unable to speak to gender dispari-
tiesin the distribution of benefits under decentralization™*. Second,
Nepal’s decentralization programme resembles similar programmes
in other countries, in that it contains elements of centralization, with
central government policies and local forestry bureaucrats playing
an important role in shaping the local benefit-sharing practices of
CFUGs**"", While the aforementioned equity-related guidelines prom-
ulgated by the government suggest that such centralization can be
harnessed in pursuit of more equitable outcomes, the persistence of
inequality under decentralization suggests that thereis room for future
research to study the conditions under which such central efforts to
improve equity are successful.

Third, how do variations in local context influence the effects of
decentralization on inequality? This is an important area for future

research for several reasons. First, it is possible that the ethnic compo-
sition of the community moderates the effects seen in this study. For
example, in Nepal, there are some villages where households belong-
ing tomarginalized ethnic and caste minority groups are the numeric
majority. While extant theory and qualitative evidence strongly sug-
gest that ethnic and caste-based marginalization is a function of dis-
criminatory norms and local power dynamics®*°, which are unlikely
to be reversed simply because historically marginalized groups are
in the local numeric majority, the role of local demographic compo-
sition as a potential moderator of the effects of decentralization on
inequalityis anareafor further research. Relatedly, rates of participa-
tion among marginalized minority groups, especially Dalits, in the
executive committees that govern CFUGs have been low in many local
settings®***, though qualitative studies suggest that such participation
may have increased since the data were collected*. Future research
should examine what effect, if any, this local representation has on
the inequality-related outcomes considered in this study.

Itisalso possible that the effects of decentralization programmes
oninequality interact with the local historical context around natural
resource governance. The extant qualitative literature suggests that,
in some settings, local elites have a history of traditional control over
natural resource governance that predates decentralization, and that
these entrenched claims allow them to dominate the institutions of
decentralization®. It is therefore possible that outcomes are most
unequalincommunities with a history of such traditional institutions.

Finally, ecological factors may play arole inmoderating the effects
of decentralization oninequality owing to differencesinresource sali-
ence betweendifferent physiographicregions. Forexample, somelocal
settingsin the low-lying Terairegion of Nepal are characterized by elite
capture of high-value tree species, which suggests that decentraliza-
tion may be more likely to widen inequalities in these communities
than in others®. Conversely, certain localities in the mountain region
have seen marginalized groups actively engage in the commercial sale
of traditional medicinal plants from decentralized forestry as market
demand for such products has grown, which may help to dampen
inequality*®. While our additional analyses of differences between the
physiographicregionsinSupplementary Note 2 are unable to explore
such heterogeneities since we lack detailed local data on resource
salience across the study area and study period, contextual details
such as these suggest the potential for within-country differences in
the decentralization-inequality relationship across different local
ecological contexts.

Methods

Census sample and poverty index

We drew our sample of households from an 11% random subset from
the 2001 population census and a 12% random subset from the 2011
population census***°. The data from the two census years represent
arandom cross-sectional probability sample from each census, rather
than a linked panel. Urban wards were excluded from our analytic
sample. This study complied with the guidance of the Human Research
Protection Program at Indiana University, as explained below (see
‘Ethical review’ section).

This approach operationalizes inequality on the basis of ethnicity
and caste because local inequalities on this basis are deeply ingrained
in Nepalese society, though there are other important inequalities
based on gender and region that our study is unable to capture®. We
used data on the castes and ethnic identities of each household head
to cross-reference each household’s ethnic or caste group with existing
literature and official sources®', constructing four categories on the
basis of existing typologies®~% (1) Brahmin/Chhetri/Newar, (2) Dalit,
(3)Janajati and (4) other minority. Consistent with previous research,
the ‘other minority’ category includes members of any caste or
ethnic group who do not belong to the other three categories and
is comprised mostly of non-Dalit Terai/Madhesi Hindu minority-caste
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groups and Muslims®. Supplementary Note 2 includes descriptive
statistics on our census sample.

To measure poverty among households in the sample, we
calculated a multi-dimensional poverty index that included six
indicators measuring three dimensions of deprivation: health, edu-
cation and living standards. As household-level measures of poverty,
multi-dimensional indices are justified on the grounds that poverty
manifests as multiple deprivations of a households’ basic needs,
and that health outcomes, educational attainment and household
living conditions are therefore a more ‘direct method’ of poverty
measurement than are measures of household income>* . Extended
Data Table 1shows the six indicators used to calculate the household-
level poverty index, their weights and how they were measured from
the census questionnaires. The poverty index was standardized
on the basis of the mean and standard deviation in 2001. The three
dimensions included in the poverty index were based on established
multi-dimensional poverty indices, and are justified on the grounds
that they reflect some of the central material deprivations often expe-
rienced by poor households**. The six indicators were selected to be
similar to previous studies in this context', and are commonly employed
inpovertyindices owingto the fact that they capture clear deprivations
across each dimension®®.

The calculation of multi-dimensional poverty indices can vary
depending upon data availability and theory®®. In our case, there are
someindicators usedin previous poverty indices thatare notincluded
here. Most notably, although some multi-dimensional poverty indices
include data on nutrition in the health dimension**, the censuses from
which we drew our sample did not collect data on nutrition.

Furthermore, two common indicators of health and education
are omitted from our index owing to the fact that they are inappli-
cable to large sub-samples in our data: child mortality (measured in
other studies as the death of a child below the age of 5 or 6 years'**)
and school attendance (measured, in this case, as whether or not the
household had atleast one child aged between 6 and 16 years who was
notenrolledinschool’). More than half of our sample lacked children
under the age of 6 years, and nearly one-third lacked school-aged
children. The issue of non-applicability in the construction of
multi-dimensional poverty indices has long been recognized*®, and
recentresearch suggests that non-applicability can have a substantial
impact on such indices*’. Some studies simply code all households
for which an indicator is non-applicable as non-deprived on those
indicators, which would mean, for example, automatically coding
householdsinoursample who lacked children under the age of 6 years
as non-deprived on the child mortality indicator, thereby making
it less likely that these ineligible households will achieve poverty
indices as high as the eligible households by the design of the index.
This could bias comparisonsin our case. This is because ineligibility
rates for child mortality and school attendance are not only high in
oursamplebutalso noticeably correlated with the four ethnicity and
caste categories. For example, compared with Dalit households in
our sample, Brahmin, Chhetri and Newar households have aroughly
20% lower likelihood of meeting the applicability criterion for the
child mortality indicator, whichis to have household membersin the
relevant age group during the period preceding the census. This
could create apparent inequalities in the health dimension of the
poverty index that are driven more strongly by differential eligibility
among sub-groups than by measured deprivations. Other studies
deal with theissue of non-applicability by calculating and weighting
the index differently for households with non-applicable indica-
tors, but this compromises comparability across households and
sub-populations, and is therefore not appropriate for our study**°°.
We therefore used the ‘universal measures’ approach described by
Alkire etal.>*, whichis to limit the indicators to those that are univer-
sally applicablein the population (or nearly so) with coverage across
each dimension.

Itis reasonable to expect that the index will capture changes in
poverty induced by the decentralized forestry programme through
several theoretical mechanisms. First, community forestry often pro-
vides direct income from employment and forest-based commercial
livelihood opportunities to participants, and some CFUGs provide
micro-loans and small grants to member households****¢'. House-
holds can use these direct benefits to invest in health, education and
living standards. Second, by improving the availability and supply of
forest products (such as wild foods), community forestry can cause
direct changes in consumption. Third, cheaper access to forest prod-
ucts may mean that some households have more funds to devote to
consumption across areas such as nutrition, healthcare and educa-
tion, and towards household amenities. Finally, community forestry
provides publicgood benefits at the village level. These include invest-
ments in local development projects, such as projects to fund local
schools orimprove local water infrastructure®, which may improve the
wellbeing of households regardless of their reliance on the community
forest or direct participation in the CFUG.

One limitation of our census datais that they do not contain infor-
mation on forest-related income. We are therefore unable to use the
distribution of forest-related income or the collection of forest prod-
uctsasalternative dependent variablesin our analysis. Such datawould
provide a number of advantages, including the ability to calculate a
Gini index of income, which is often of interest in studies of inequal-
ity. More generally, data on forest income and forest benefits could
allow for amore direct examination of how decentralization changes
the flow of both.

Our dependent variable, however, offers several advantages that
suchanincome measure would not. First, while examining the flow of
benefits may reveal inequalities in the distribution of those benefits,
thoseinequalities are policy-relevant owing to their potentialimpacts
onthe material living conditions of rural resource users. An analysis of
the former would not necessarily yield clearinformation on the latter,
since large apparent inequalities in forest benefits might manifestin
either small or large differences in households’ abilities to meet their
basic needs in consumption, healthcare, education and living stand-
ards. Second, direct, household-level measures of forest income and
forest product collection, which are themselves often non-monetary
and sometimes difficult to quantify, would not capture the subset of
benefits from forestry decentralization that accrue as public goods,
such as the local development investments mentioned above. These
benefits may have important impacts on human development, even
among households who do not use community forests or interact with
the programme directly. Third, while direct income measures would
allow us to calculate a Giniindex of forest income, thereby producing
aclearer picture of how forestry decentralization changes the concen-
tration of direct forest benefits as previous studies have done’, Gini
indices have their own limitations. Namely, such indices are blind to
the identities of individual households, in contrast to our modelling
approach, which operationalizes inequality as average poverty gaps
between members of politically and socially relevant groups that map
onto longstanding patterns of marginalization and discrimination
(allowing us to test the various mechanisms proposed in Table 1).

With these points in mind, we recommend that future studies com-
plement ours with analyses that are similar in method to the current
study, but with forestincome and direct forest benefits as the outcomes
of interest. Such analyses, which would require large-scale micro-data
onincome and benefits collected in the presence and absence of for-
estry decentralization, would help to contextualize our results. Specifi-
cally, suchanalyses could estimate changes in the overall concentration
of forestincome caused by decentralization. Furthermore, they could
provide more detailed information on the specific micro-processes
that give rise to the overall inequalities estimated in our study, which
couldinform the design of future policies meant to correct inequality
under forestry decentralization.
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Data on the forestry decentralization programme
The data on forestry decentralization were collected from the
Department of Forests in January 2017 and contain records on all
CFUGs reported by local forestry officials to the central government
and logged in the database by that date (18,960 CFUGs). During the
2001-2011 period, rural Nepal was divided into more than 3,000 Village
Development Committees and municipalities, which were divided
furtherintoroughly 36,000 wards that received implementation of the
decentralization programme in astaggered manner. Foragiven house-
holdinterviewed in ward w at census year t, we used these data to con-
structadichotomous policy treatment indicator for whether or not at
least one CFUG was formed under the forestry decentralization pro-
gramme in ward w before census year t. Ward numbers associated
with CFUGs were mostly or completely missing from the database for
16 districts. For five of these districts, we were able to fill in the missing
data using records provided by district-level forest offices. Observa-
tions from the remaining 11 districts were excluded from the analysis.
In addition to community forestry practiced through CFUGs,
Nepal had other, smaller-scale natural resource management
programmes during the study period thatemphasized local participa-
tion and poverty alleviation to varying degrees. Most notably, these
included leasehold forestry (under which about 40,000 ha of for-
est were managed by 2018°%) partnership forests (about 7,000 ha by
2008) and Conservation Area Management Committees (CAMCs),
which are involved in management at some protected areas such as
the Annapurna Conservation Area*’. Because our data capture the
implementation of the community forestry programme, as measured
throughthe formation of CFUGs registered under the programme, our
analysisis limited to CFUGs only, and is unable to speak to the impacts
of these other management models.

Modelling approach

We used a two-way fixed-effects modelling approach that provided
within-ward estimates of ethnic and caste-based inequality, and pre-
dicted within-ward differences in those estimates of inequality on the
basis of the presence or absence of the forestry decentralization pro-
gramme, while controlling for ward-level fixed-effects, key character-
istics of the household and year fixed-effects. The model is expressed
by the following equation (1):

Poverty, = a + B,CF,, + B,Dalit, + B;Janajati, + B other minority,
+Bs(CFy, x Dality) + B¢ (CF,, % Janajati,) ()]

+p;(CF,, x other minority, ) + 852011, + X, + u,, + &,

In equation (1), poverty, is the multi-dimensional poverty index
for household h, and CF,, is the dichotomous indicator for whether
or not ward w had at least one CFUG that formed under the forestry
decentralization programme before census year ¢. The ethnic and caste
background of household £ is given by a vector of dummy variables
representing whether or not the household head is Dalit, Janajatior a
member of another minority group (Dalit,, Janajati, or other minority,),
with Brahmin/Chhetri/Newar as the omitted comparison category.
The variable 2011, is a dichotomous indicator for whether or not the
observation comes fromthe 2011 census, with the 2001 census treated
asthe omitted comparison category. u,, is a vector of ward fixed-effects,
and X, isa vector of additional household-level covariates toimprove
the precision of the estimates—a dichotomous indicator for whether
ornotthe household head wasawomaninthe census year and the age
ofthe household head at the census date.

The coefficient estimates on the ethnic and caste minority
categories (8,, §;and 8,) represent the average within-ward gap in the
poverty index between members of each minority category and the
Brahmin/Chhetri/Newar category,in 2001 standard deviation units, in
wards that had not yet received the programme. The estimates on the

interactive terms (B;, B, and 3,) represent the predicted within-ward
differences in each of those poverty gaps in the presence of the
programme compared with its absence. We interpret these coefficients
ontheinteraction termsas our best within-ward estimates of the asso-
ciation between programme implementation and local inequality.
Whereas Supplementary Note 2 presents simple, over-time changesin
within-ward poverty gaps between 2001 and 2011, the interaction term
estimates from the regression model represent our best estimates of
changes in within-ward inequality that we can attribute to the decen-
tralized forestry programme.

Recent work suggests that causal inference with two-way
fixed-effects often depends upon strict parametric assumptions. Spe-
cifically,ina‘multi-period’ panel datastructure, where units experience
treatmentat more than one pointinthe panel (such as before the 2001
census and between the 2001 and 2011 censuses, in our data), this
approach only identifies causal impacts under the strict assumption
of linear and additive effects—an assumption which may not always
hold true in practice (even when weighting methods are used)®. This
same work shows that two-way fixed-effects models fitted on a classi-
cal difference-in-differences datastructure—where there are two time
periods, and where treatment is only assigned between those two time
periods—do not depend on these parametric assumptions. By exten-
sion, the latter approach is more likely than the former to estimate
unbiased causal effects. Therefore, we excluded from our analytic
sample all households in wards that had at least one CFUG that formed
under the forestry decentralization programme before the 2001 census
year, since this produces the classical difference-in-differences data
structure. Omitting these observations also avoids what the econo-
metrics literature has called the ‘forbidden comparisons’ problem®*.
This approach leaves us with a final analytic sample of N = 522,440
households with complete data.

This estimation approach is robust to a wide variety of potential
unmeasured confounders if modelling assumptions of the method
are met®. Importantly, because it conditions on ward and year, it esti-
mates effects without conditioning on ward- and year-level observa-
bles, as would be the case with other inference approaches such as
covariate matching, which is difficult in data-sparse environments
and when the dependent variable is a complex social outcome with
potentially unmeasurable predictors (such as inequality). By includ-
ing year fixed-effects in the estimation, this approach controls for the
potentially confounding effects of large-scale, national-level trends
that may have taken place across the country, and by including ward
fixed-effectsin the estimation, the approach controls for unmeasured
time-invariant covariates at the ward level (see Supplementary Note 3
for amore detailed discussion).

Despite the strength of this modelling strategy, it is not robust
to reverse causality, though this is the case with many alternative
approaches to causal inference such as those based on covariate
matching®®. Finally, one potential threat to the validity of our esti-
mation approach is the possibility of bias arising from time-varying,
ward-varying confounding variables. In Supplementary Note 3, we
discussthislast possibility ingreater detail and attempt to control for
seven potential confounding variables of this type. We find that the esti-
mates reportedin our results are replicated when we attempt to control
forthese time-varying covariates. As we discuss in Supplementary Note
3, while these additional tests do not rule out the possibility of omitted
variable bias owing to the fact that there is still the potential for omit-
ted variables that we cannot observe, they make this possibility appear
less probable. In Supplementary Note 4, we also re-ran our analysis on
alargersample thatdid not omithouseholdsinwards treated before the
2001 censusyear, asdescribed above (N=733,991). While the estimates
do exhibit some differences from those reported in our main results,
the estimates in Supplementary Note 4 are less credible since they
rely upon less plausible causal assumptions and are influenced by the
forbidden comparisons problem, as noted above.
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Despite the strengths of our approach, our analysis cannot cap-
ture potential local heterogeneities in the implementation of the
equity-focused elements of the programme—heterogeneities which
arenotedinthe Discussion and which may imply that effects oninequal-
ity arestronger or weaker insomelocal contexts thaninothers. Thisis
a potential area for future research. Finally, for treated wards, Eq. (1)
doesnot capture the age ofthe CFUG by year ¢, and therefore does not
estimate whether the effects of the programme on inequality might
deepen over time. We address this issue with an additional analysis in
Supplementary Note 5, which presents an alternative statistical model
to explore the possibility of differences in these effects over time.

Analyses were performed through estimation commandsin Stata
(version18), and visualizations were generated through graphing com-
mandsinR (version4.2.1).

Ethics statement

This study uses de-identified, secondary census micro-data collected
in 2001 and 2011 by the Government of Nepal and provided to the
research teamby the Central Bureau of Statistics. The Human Research
Protection Program at Indiana University considers studies using
de-identified secondary datato be ‘non-humansubjectsresearch’and
does not subject themto review.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.
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Extended Data Table 1| Components of household-level poverty index

Dimensions Indicators Measurement
(a) Health (1) Premature mortality 1=a person in the household died before the average age of life expectancy
(33.3%) (33.3%) during the twelve months preceding the census.
(b) Education 2) Under-education (33.3%) 1= at least one person older than 10 years had less than 5 years of schooling
(33.3%) by the census date.
3) Wood or dung cooking fuel (8.3%) 1=the main source of cooking fuel for the household was wood or dung.
4) Lack of electricity access (8.3%) 1=the main source of lighting for the household was something other than
© Living standards electricity.
(33.3%) (5) Lack of improved water source (8.3%)  1=the main source of drinking water for the household was something other
than piped water.
6) Lack of improved sanitation (8.3%) 1=the household did not have a flush/modern toilet.

Weights in parentheses.
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provided to the research team by the Central Bureau of Statistics. Descriptive information on the analytic sample of
households are provided in the SI.
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Data exclusions All urban observations (N = 474,903) were excluded from the analysis, since the study concerns rural livelihoods and community-
based forestry. Observations from 11 districts (N = 121,567) were excluded from the analysis because the implementation of the
community forestry reform was not reliably recorded at the ward level for these districts (see Methods). Both exclusion criteria were
predetermined. Our data will not be representative of urban populations and the excluded districts, nor of the national population.

Non-participation n/a

Randomization n/a

Reporting for specific materials, systems and methods




We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XXX X XXX s
Oooodoog

Plants

)
Q
=
C
=
()
5o
o
Et\
o
=
—
@
§S,
o
=
)
@
wm
C
=
=
Q
=
<

Plants

Seed stocks n/a

Novel plant genotypes  n/a

Authentication n/a




	Effects of forestry decentralization on rural inequality in Nepal

	Hypotheses

	Empirical case

	Discussion

	Methods

	Census sample and poverty index

	Data on the forestry decentralization programme

	Modelling approach

	Ethics statement

	Reporting summary


	Acknowledgements

	Fig. 1 Estimates of rural inequality in the presence and absence of the decentralized forestry programme.
	Table 1 Potential impacts of natural resource decentralization on inequality, through its potentially heterogeneous impacts on poverty.
	Extended Data Table 1 Components of household-level poverty index.




