WHO COLLECT RESOURCESIN DEGRADED
ENVIRONMENT?A CASE STUDY FROM
JHABUADISTRICT, INDIA

NEETU CHOPRA, SUPRIYA SINGH, SHREEKANT GUPTA, URVASHI
NARAIN AND KLAASVAN'TVELD

Delhi School of Economics
New Delhi, India

June 2007

South Asian Network for Development and Environmental Economics (SANDEE)
PO Box 8975, EPC 1056
Kathmandu, Nepal

SANDEE Working Paper No. 23-07




Published by the South Asian Network for Devel opment and Environmental Economics
(SANDEE)

PO Box 8975, EPC 1056 Kathmandu, Nepal.

Telephone: 977-1-552 8761, 552 6391 Fax: 977-1-553 6786

SANDEE research reports are the output of research projects supported by the South
Asian Network for Development and Environmental Economics. The reports have been
peer reviewed and edited. A summary of the findings of SANDEE reports are al so
available as SANDEE Policy Briefs.

National Library of Nepal Catalogue Service:
Neetu Chopra, Supriya Singh, Shreekant Gupta, Urvashi Narain and KlaasVan't Veld

Who Collect Resourcesin Degraded Environment?A Case Study From JhabuaDigtrict, India
(SANDEE Working Papers, ISSN 1893-1891; 2007 - WP 23)

ISBN: 978 - 99946 - 2 - 664-9

Key words:

1. Dependenceon Commons

2. Rural India

3. TimeAllocation Decisons

4. Gender Differences

5. Natural Resource Management Initiatives

6. Anthropology

The views expressed in this publication are those of the author and do not necessarily
represent those of the South Asian Network for Development and Environmental
Economics or its sponsors unless otherwise stated.

Il SANDEE Working Paper No. 23-07



The South Asian Network for Development and
Environmental Economics

The South Asian Network for Development and Environmental Economics (SANDEE)
isaregional network that bringstogether analysts from different countriesin South
Asiato address environment-devel opment problems. SANDEE’s activitiesinclude
research support, training, and information dissemination. SANDEE is supported by
contributions from international donors and its members. Please see
www.sandeeonline.or g for further information about SANDEE.

SANDEE isfinancially supported by International Development Research Centre
(IDRC), The Ford Foundation, Swedish International Development Cooperation
Agency (SIDA) and Norwegian Agency for Development Cooperation (NORAD).

Technical Editor
PriyaShyamsundar

English Editor
CarmenWickramagamage

Comments should be sent to Neetu Chopra, Miranda House, University of Delhi, Delhi
110007, India, Email: jhabua@econdse.org

SANDEE Working Paper No. 23-07 1







N o g A~ D PRE

TABLE OF CONTENTS

INTRODUCTION

THEORETICAL FRAMEWORK

DATA AND DESCRIPTIVE STATUS

EMPIRICAL STRATEGY AND DESCRIPTION OF VARIABLES
ESTIMATION RESULTS

CONCLUSTIONSAND POLICY IMPLICATIONS
ACKNOWLEDGEMENTS

REFERENCES
APPENDIX

LIST OF TABLES

Tablel :

Table?2
Table3 :

Table4

Table5
Table6
Table7
Table8
Table9

Market Participation for Selected Natural Resources

: Hours Spent per day inayear in Resource Collection

Hours Spent per day during entireyear and by season in Resource
Collection

: Number of Househol dsthat collect variousresources during year and by

Seaxon

: Hoursspent per day during Summer in Resource Collection
. Description, Mean and Standard Deviation of Explanatory Variables
. Determinantsof TimeAllocated to Water Collection by Gender

Determinantsof TimeAllocated to Grazing by Gender

. Determinantsof TimeAllocated to Fuelhood Collection by Gender

SANDEE Working Paper No. 23-07

12
17
24
26
27
31

10

10

10

18

20
22

\%






Abstract

Thispaper examinestheimpact of the variation in stocks of three resources, namely, water,
forestsand fodder biomass, on resource collection time of rural householdsin India, especidly
women. Using household level datafrom 543 households across 60 villagesin the Jhabua
district of MadhyaPradesh, we estimate reduced form gender-specific timeal ocation equations
derived from ahousehold production model. Anincreasein groundwater scarcity makeswomen
and children spend moretimeinwater collection. Anincreaseinthetota biomassavailability in
thecommonsincreasesthetime spent by men and womeningrazing activity in additiontomaking
men and women morelikely to go for fuelwood collection. Theresultstaken together indicate
sgnificant timeimpactsof natura resourcescarcity. Our andysishasimportant implicationsfor
natural resource management initiatives such ascommunity forestry and watershed devel opment
programmes, and these programmes havethe potential to aleviate poverty by affecting thetime
allocation decisonsof rural households, particularly women. Thispaper dsotriesto understand
someof thetrendsemerging from the quantitative/econometric andysisusng indghtsfromsocia

anthropology.

Key Words: Dependenceon commons, Rurd India, Timealocation decisons, Gender differences,
Natura resource management initiatives, Anthropol ogy.

SANDEE Working Paper No. 23-07 VIl






Who Collect Resources In Degraded Evnironments ? : A Case
Sudy From Jhabua District, India

Shreekant Gupta, Neetu Chopra, SupriyaSingh,
Urvashi NarainandKlaasvan't Veld

. Introduction

The problem of natural resource degradation in poor countriessuch asindiaisincreasing at an
alarming pace. Poor people, who aredirectly dependent on their local environment for their
livelihoods, arelikely to feel theworstimpact of natural resource scarcity. For example, if forest
degradation forces househol dsto spend moretimein the pursuit of firewood—an essential
commodity for the household—householdsarelikely to havelesstimefor income-generating
activities(Kumar and Hotchkiss, 1998; Bluffstone, 1995; Cooke, 1998a, 1998b), with consequent
welfareimplications. Excessuseof common forestsfor fuelwood increasesresource collection
times, thusdecreasing thetimeindividualscan devoteto other productive activitieswhichinturn
impose welfare costs on them in terms of lower incomes (Kohlin and Amacher, 2004).
Furthermore, sincewomen tend to bethe primary collectorsof natura resources;* they inparticular
arelikely to suffer the consequences of resource degradation. In some devel oping countries,
women spend seven timesasmany hours collecting wood and water in comparison with men. A
study by the World Health Organization estimatesthat the energy used to carry water consumes
one-third of awoman’sdaily caloricintake (Centrefor Science and Environment, 2004). If
resource scarcity forceswomen to spend moreand moretimein resource collection, women are
likely to havelesstimefor income-generating activities. Totheextent that increasesinwomen’s
incomesaredisproportionately invested inimproved education, hedlth, and nutrition, not only of
themsalves, but a so their children, adecreasein women’sincomeislikely, overtimetoleadto
further decreasesin household incomes.

Althoughthereisalot of anecdotal evidence, theliteraturethat triesto understand theimpact on
ahousehold’ sand women’stime of achangein the availability of basic natural resources—
forests, grazing lands, surfaceand groundwater sources— islimited which aso controlsfor other
factorsthat may affect thisdecision (Kumar and Hotchkiss, 1988; Cooke, 1998a; |l1ahi and
Grimard, 2000.%).

1 Alsoseellahi, 2000, for asurvey

2 Amacher, Hyde and Joshee (1993) assert that women are primarily responsible for activities like fuelwood collec-
tion, water collection and accessing local services. Also, in a study based in rural Pakistan, Filmer and Pritchett
(1996) show that 60% of time devoted to fuelwood collection comes from women and children while Loughran
and Pritchett (1997), in a study in Nepal, find that 69% of water collectors and 61% of fuelwood collectors are
women.
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Kumar and Hotchkiss (1988) and Cooke (19984) both use datafrom the Nepal Energy and
Nutrition Survey (NENS 1982-83), asurvey of 120 householdsfrom six villagesinthreehill

digrictsof rura Nepd, to examinetheimpact of environmenta degradation onthetimehouseholds
ingeneral, and womenin particular, spend on the coll ection of three environmenta resources—
fuelwood, cut grass, and fodder. Kumar and Hotchkiss measure deforestation viathetimea
household takesto collect 20 kg of fuelwood while Cooke captures scarcity through anincrease
inthe shadow price of aresource.® Thisvariable, inturn, isdefined by Cooketo bethe market
wagetimesthetimeit takesthehousehold to collect 10 kg of theresource. Kumar and Hotchkiss
find that when deforestation increasesby 1 percent, thetimeall ocated to fuelwood collection
increasesby 0.6 percent. Assuming that thetimespent infodder and cut grassincreasessamilarly,

theauthors concludethat thetotal collectiontimefor al threeresourcesincreasesby 1.13 hours
per day per woman in areaswherethereishigh deforestation. Cooke, using somewhat different
estimation methods, smilarly findsthat when fuelwood and fodder become scarce, that is, when
their “ shadow price”’ increases, households spend moretimeintheir collection. Furthermore,

she finds that increases in household time spent collecting environmental products come
predominantly fromwomen’'stime. Increasesinwomen’scollection time account for over 80%
of tota collectiontimeincrease. Further, Cooke (2000) using pand datafor the samehouseholds
findsthat household collection timesgnificantly increaseswith measuresof environmenta resource
scarcity. Thehousehold collection burdensare significantly lower in 1997 thanin 1982 dueto
reduced consumption and increased collection from privateland. Finaly, I1ahi and Grimard
(2000), using datafrom the Pakistan I ntegrated Household Survey (1991), investigate how
accesstowater infragtructure affectsthetimewomen dlocateto water collection’. Unlike Kumar
and Hotchkiss, and Cooke, theseauthorsexplicitly alow for ahousehold to meet itsdemand for
thisnatural resourcethrough private provision and develop ahousehold level measure of access
towater infrastructurethat is exogenousto the household. They find that asaccessto water
infrastructure deteriorates, on the one hand, the probability that women collect water froma
common sourcedecreases. But, on the other hand, time devoted to collection by women who
continueto collect increasesdueto lack of aternatives. The paper doesnot examinetheeffect
of thechangein accesstowater infrastructure on timeallocation decisionsby other, non-female,
membersof the househol d.

Our paper buildsonthisliteraturein anumber of respects. First, Kumar and Hotchkiss(1988),
Cooke (19984) and llahi and Grimard (2000) focuson asingle resource stock—thefirst two on
biomass and the latter on water infrastructure—whereas our study considers stocks of three
resources, namely, water, forests and fodder biomass, and time spent in the coll ection of the
respective natura resources. Second, the studiesby Kumar and Hotchkiss (1988), and Cooke
(1998a) aremarred by their reliance onahighly indirect, and clearly endogenous, right-hand side
measuresof resource availability. Kumar and Hotchkiss (1988) usethetimeneededto collect a
fixed quantity, i.e., 20 kilograms, of fuelwood astheir measure of timber scarcity. Thismeasure
isclearly endogenous. Similarly, Cooke (1998a) usesthe shadow price of theresourceasthe
measure of resource availability. Since, and asnoted by Cooke, the shadow priceisdetermined
endogenously by the househol d’s choi ces and depends on the household’s preferences and

3 Cooke (1998a) assumes that there are no markets for fuelwood, cut grass, or fodder and therefore market prices for
these commaodities do not exist. She therefore estimates shadow prices for these commodities.

4 Notethat the paper does not ook at the changein time all ocation consequent upon achange in the quantity of water
but only achangein the accessto water infrastructure. Households may haveto change the amount of time all ocated
to water collection as the quantity changes, even when there is no change in the water infrastructure.
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resource production technology, this measure of resource scarcity isalso endogenous®. Our
study, onthe other hand, usesadirect, physical measure of resourceavailability (seeNarain, et
al., 2005 for adescription of our measure of forest and fodder biomass). Furthermore, and
unlikellahi and Grimard (2000), we use ameasure of water availability and not just accessto
water infrastructure.

Therest of the paper isorganized asfollows. Section 2 outlinesthetheoreticd model of household
timeallocation decisions. Thisisfollowed, in section 3, with adescription of data. Section 4
presentstheempirical strategy for the estimation of thetimeall ocation equationsand descriptions
of varigblesusedintheestimation, and section 5 theestimation results. Thefind section concludes
withthepolicy implicationsof our research.

2. Theoretical Framework

To conceptualize the effect of environmental degradation ontimeall ocation decisionsof the
household and its members, we draw on the model of home production® and timealocation
proposed by Becker (1965), and later developed by Gronau (1977).” In this model, a
representative household, with tastes denoted by , chooses optimal levels of consumption(c),
and time spent in leisure by men, womenand children (t |, t'andt),u=u(c,t ',t\,t'; a).

m ' f?

Consumptionisgenerated through ahome production function

G=¢C (Xi’ aic’ bic’ tfh’ tch; yi)' @
where, x is anumeraire, market-purchased good, & is an agricultura product consumed
by the household, b*, isthe amount of ageneric environmental product, say firewood, used
by the household in the production of c, t."and t " are the total time allocated to home
production by female membersand children, respectively, and . isahome production technol ogy
parameter.

Agricultural goods can either be bought from the market at price p* or may be generated by the
household'sagricultura production function.

ai =a (tma’ tfa’ thma’ th fa’ bia ; I‘i’ I\Ii’ FCi)’ (2)
wherea, isthe household’sagricultura output, which, inturn, iseither sold or consumed by the
household. Thehousehold usesitsownmalelabour (t_2) and femalelabour (t?), aswell ashired

male (t, ?) and female (t *) labour onitsfarm. Agricultural output isalso afunction of the
household'sland holdings, L., itslivestock holdings, N, and theamount of farm capital owned by

5 To correct for the endogeneity problem, she estimates the time allocation equations using two-stage least squares
(2SLS). Cooke (2000) employs another way of getting around the problem of endogeneity. She uses the own-
househol d-excluded ward-level median for thetimeit takesto collect one kilogram of fuelwood during the dry season
asan exogenousindicator of resource scarcity.

6 Household production theory hasbeen used to model the economic activities of rural householdsin awidevariety of
cultural contexts, especially where household 's time endowments are their primary factor input, and households
consume most of their own production outputs (Sills, et a. , 2003).

7 Theversion presented below is adapted from Ilahi and Grimard (2000) and Kohlin and Parks (2001).
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thehousehold, FC.. Finally, agricultura output dependsontheamount of ageneric environmental
product used in agricultura production, beit water or fodder for thelivestock, b2,

Theenvironmenta good, b, beit for household consumption or aninput into production, can be
obtained from three sources—the commons ( b), private provision (bP), and the market (b ™).
Production functionsfor thesethree sourcesare, inturn, given by thefollowing:

b'=f(t5t%t9;Q), ©)
b= £ (p°), (4)
b =1f(g) (5)
where,

b +b™ +b° -b5=bt +b? (6)

t 9, t3and tisthetime allocated by the males, females and children of the household to
resource collection fromthecommons, the parameter, denotesthevillage-level availahility of the
resource (e.g., volume of timber and fodder biomass). b*istheamount of biomasssold, whether
obtained from commonsor from privatelands. Also, p°isthemarket price of theresource, and

. isthe household-level availability of theresource. Thelatter, inturn, will beafunction of
hou%hol d assetssuch asitsland holdings, number of wellsand trees® owned by the household,
etc.® Theforegoing anaysisof the home production model assumes separability inthelabour
markets, i.e., marketsexist for al the commodities. °

Utility ismaximized subject to time and budget constraints of the household. Equations(7), (8)
and (9) denotethetime constraintsfaced by the mae members, female members, and children,
respectively, and equation (10) isthe budget constraint. We assumethat all membershavea
fixed endowment of timegivenby T.

tmM+ta+t +tI=T, (7
trH Ittt =T, (8)
ta+ts+th+t! =T, )

8 Investmentsin private provision —like awell or tree—might seem to be endogenous. Following Ilahi and Grimard
(2000), we choose not to model these decisions asthe choice variables. These decisionsare madein the past and are
in effect fixed decisions for the time frame relevant to our analysis.

9 Notethat we assume that the househol d does not spend any time collecting resources from private sources aswell as
from the market. This assumption is partly driven by data constraints and partly from the observation that private
sources tend to be either in-house or near the house and typically take less of the households' time.

10 The separability assumption is the distinguishing feature of our study site, Jhabua, which is marked by
activelabour markets. On the other hand, studies in rural Nepal by Cooke (1998b) assume that environmental
goods are not bought and sold and are only available from household production as there are no markets for these
goods.
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and,
X| = Wm( tmm_ thma) + Wf ( tfm_ thfa) + pa(al_ aic) + pb(bs _ bm) + Vi’ (10)

where, t "andt™istimeallocated by male and female members of the household to market-
oriented activities. w_andw, isthe maleand female market wagerate respectively andv is
unearnedincome.™ t *isthetimespentinschooling activity by children of thehousehold. Equations
(7) - (10) can be combined to obtain Becker’s*full income” constraint,

X, W (ta+ta+t 2+t ) w (t9+ta+th+t 2+t') =
i+ 7'm\'m m hm mr;ffff fchf fbsm
w, T™+ W, T+ A3 - 89) + p(b*-b") + v, (12)

Thefirst-order conditions show that timeinputsare chosen so asto equate the marginal rate of
substitution between leisure and consumption to the shadow wage of biomass collection

ac, db,

™ ot ), the shadow wage of market time ( ), and the shadow wage of hometime

(). Solvingthefirgt-order conditionsyieldsaset of optimum (reduced form) gender-specific

timeallocation functions, one each for time devoted to the market-based activity, to resource
collection, to household production and to leisure. Algebraic manipulation of thefirst-order
conditionsshowsthat if thereisresource scarcity, then themargina product of resourcecollection
goesdown and househol dsd locatel abour away from resource collection towardsother activities.

For therest of the paper, we will focus on the estimation of the gender-specifictimeallocation
equations—that is, those governing the decisionto spend timein resource collection—and will
relatetheseto the stock of natural resources.

tiq = tq (W, \/1 a-1 Ql ﬂl r! pbl L’ N’ FC)
wherei = m,fandc

Animportant issue hereisthat of intertemporal decision-making. We encounter atwo-period
problem, where one has to take a decision for the whole year. Households make a saving
decisionintheresource abundant season (i.e., kharif/monsoon); for instance, they grazetheir
animasmoreduring this period instead of stall-feeding them so that they may save/storesome
fodder collected directly for therelatively scarce (summer/dry) season. Then again, intermsof
fuelwood, househol ds spend comparatively moretimein resource collection in the scarce season
sothat they spend lesstime collecting the resourcein thefoll owing kharif season, which happens
to bethe primeagricultural season. Theopportunity cost of labour isvery highinthisperiod as
they have plenty of work at hand and littletimeto sparefor resource collection. The savings
problemisembedded inthe storahility of theresource. Thisinturn hasimplicationsfor their time
allocation decisionsin other seasons. Thisisseen clearly inthe case of water. Water isnot stored

11 Thehousehold receivesincomefrom wage labour, exogenous non-wage income sources(vi) fromselling
agricultural output [ p? (a- &)¢], and natural resources collected from the commons[p® (bs - b™)].
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by our sample householdsresultinginincreased collection timeduring scarcity (Summer season).
Most of our resultsare explained through the one period model. Theresultisthat thereremain
someanomdiesthat cannot befully understood through the one period model sinceintertemporal
decision-making drivesthese key results. Therefore, werefer to the“two-period problem” in
thetext in order to explaintheseanomalies.

In addition to thetwo-period problem, therewere other puzzlesthat cropped up during theinitial
analysisof datawhich could not be explained using economic indicatorsaone. For instance,
thereisalargedifferencein the determinantsof maleand femaletimethat cannot be explained
using availableeconomicdata. Thisisamply illustrated if oneweretolook at thedisproportionate
amount of time that women spend in collecting water as compared to men when availability
decreases. Thisand other puzzlesprompted usto take up anthropol ogical inquiry asatool and
searchfor potential answersin order to augment and informthe quantitativeanayss. Thispaper,
therefore, build ontheavailableliterature by combining two different techniquesof inquiry inan
iterativemanner. Theexchange betweenthequantitativeand quaitative datareflectstheiterative
nature of field-based research and formsakey part of thestudy. Thisso-caled “ mixed-method”
analysisfindsfavour among agrowing number of researchersaround theworld (see Udri, 2003;
Rao and Woolcock, 2004; Rao, 2002; Dreze, 2002; Harriss, 2002; Kanbur, 2001; White,
1997, etc.).

Thequantitative andys sformsthe point of departurefor our quditative study, whichthentriesto
come up with potential answers for some of the puzzles. The qualitative study servesto
complement thequantitative analysisby puttingitinacultural perspective and explaining some
of the results in a satisfactory manner. This point is amply illustrated when we consider
the quantitative resultson water collection. Thereisasubstantial increasein women’'swater
collection timeduring summer. Inorder to understand what ishappening with water collection,
we need to know why such an increase takes place, what the additional water collection
timemeansfor other activities, wheremenfigurein the picture, and what thebenefitsof increasing
water collection time are over other options, etc. These questions cannot be answered
using quantitative dataaone. Therefore, these questionsweretaken to thefield where, through
informal discussions and observationsin some of our villages, wewere ableto explain the
water puzzle better.

For instance, the gendered variation in water collection, wefound, had to dowiththefollowing
reason. Summer correspondswith scarcity of water resulting in anincreaseinwater collection
timefor women asthey arethe primary collectors. Summer isalso thetimewhen agricultural
activity isa itsminimum. Giventhisscenario, women nolonger needto sparetimefor agriculture.
Therefore, the additional timeon their hands can now be devoted to water collection. Further,
sincewomen as such do not get much employment within or near their village, they are busy
mainly in household chores. Theadditiona timeinwater collection doesnot redly hamper these
activitiesasthey areadjusted accordingly. It turnsout that buying water isnot very viablegiven
the poverty and unemployment inthearea.

Intermsof using seasond level data, weemploy pand datatechniques. Our research showsthat
the time spent in water collection increases with water scarcity but at adecreasing rate for
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femaesand children®. It further revealssignificant seasond variationintermsof time spentin
resource collection®. Since summer isaresource scarce season, it showsadramaticincreasein
time spent in resource collection compared to kharif and rabi. Most of thisincreased timeis
spent in water collection and here again women account for most of theincrease, spending
amost three hoursper day per femalein resource collection. When it comesto grazing, both
mal e and femal e grazing timeincreaseswith increased availability. Heretoo seasonality isa
factor. Withincreased availability during kharif, householdstaketheir animalsout for grazing
more. Theavailability of fuelwood, asrepresented by the per capitatotal biomass, makesmen
and women morelikely to go for fuelwood collection. At the sametime, all the household
membersarelesslikely to gofor fuelwood collectioninkharif. Thepresenceof natural resource
management initiatives such ascommunity forestry programmes makeswomen and children
morelikely to goto collect fue wood but reducesthetime spent initscollection. Inanutshell, we
find that timeallocated to water collection increasesdueto thereduced avail ability of groundwater,
whereasthe grazing timefallswith reduced availability of biomass. Unlike studiesby Cooke,
and Kumar and Hotchkiss, which find that fuelwood collection timeincreaseswith resource
scarcity, our sudy findsthat thelikelihood to gofor fue wood collectionfalswith reduced avail ability
of biomass'.

3. Dataand Descriptive Statistics

Thedatafor thisstudy comesfrom the Poverty and Environment Project, jointly undertaken by
Resourcesfor the Future, Washington DC, and the Center for Devel opment Economics, Delhi
School of Economics. Thisdataset containshousehold and villageleve information on household
income, timeallocation decisions, and resourceavailability from 543 househol dsin 60 villagesin
thedistrict of Jhabuain the Indian state of MadhyaPradesh. Jhabuaisapredominantly tribal
district located at the western border of thestate. 1t displaysagro-climatic conditionsthat are
typical inthesemi-arid tropics, namely, rain-fed subs stence agri cultureand extensive dependence
on natural resources. Of thetotal land areainthedistrict, 54%isclassified asagricultura land,
19% asforestland and therest asdegraded land (Narain, et al ., 2005).

Fodder biomassand timber volume have been estimated using remote sensing. Satelliteimages
were used to construct the Normalized Difference Vegetation Index (NDV1)* for the areas
within and around the 60 samplevillages. TheNDV I datawas combined with datafrom the
Madhya Pradesh Forest Department’ sforest inventory of 1998 to devel op aregression model
that usesthe NDV | asapredictor of tree biomass (Arroyo-Mora, et al., 2001). Sincethere
were no actual ground measurements of grassfodder biomassfor the samplevillages, firstly
biomassin asubset of the samplevillagesfor 2002 wasestimated. Thiswasdone by combining

12 Throughout the paper, theresource collection time represents the time spent collecting a particul ar resource from the
common areas and does not include time spent collecting any resource from the private sources.

13 Cooke (1998a, 1998b, 2000) also highlightstheissue of seasonality. Cooke (1998b) findsthat increasesin household
time spent collecting environmental products come predominantly from women’stime. This holds even when she
accounts for seasonality in resource collection.

14 Cooke (2000) finds asimilar result.

15 TheNDVI isequd tothedifferencein near infra-red (NIR) and red (R) light reflectance divided by the sum of these
reflectances, that is, (NDV1) = (NIR - R)/(NIR + R), and is commonly used to assess or predict vegetation biomass
from remote sensing data.
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estimates of grass cover in 0.1-hectare plots of forest and grasslands with measures of grass
biomasson adry-weight basis. Aswith forest biomass, these ground measurements of grass
biomasswere combined withthe NDV | datato develop apredictivemodd . Another secondary
sourceof dataisvillagelevel information on groundwater. Thisinformationwascollected from
the Madhya Pradesh Groundwater Department. The Department, since 1973, monitorsthe
groundwater level thriceyearly (pre-monsoon, post-monsoon and winter) in about 89 villagesin
thedigtrict of Jhabua. Each of these villages representsamicro-watershed that together covers
theentiredistrict. The sample of 60 villagesfor the Poverty and Environment Project was
chosenfromthislist of 89 villages'®.

Our dependent variableinthispaper isthetime spent by men, women and childreninthecollection
of variousnatura resources. Thereareeight resourcesthat arecollected“ directly” by thehousehold
from the commons—water, fuelwood, fodder, wood for construction, mahua flowers, mahua
seeds, gum and tendu leaves. Thesamplehouseholdsa so soendtimecollecting fodder “indirectly”
fromthecommonsby grazing their animalson commonland. Therefore, timespent incollection
of dl resourcesby men, women and childrenisthesumtotal of time spent in collection of al nine
resourceswhether directly or indirectly. Sincewater, indirect fodder collection, i.e., grazing, and
fuelwood are thethree main resources coll ected by our samplehouseholds, weonly examinethe
time spent intheir collection. Averagetime spent in water, grazing and fuelwood collection
congtitutes 96.4 % of total household collectiontime. Thetime spent by thehouseholdin collection
activity isadjusted for the number of membersof working agein the household.”

Our andysisof thehome production model relieson theassumption of separablelabour markets,
I.e.,, marketsexist for al thecommodities. Thisassumptionisalsotruefor theenvironmental
goods such asfirewood asit is supported by the data used in thisstudy. In our sample, for
example, alarge number of householdseither buy or sell environmental goods (see Table 1).
Another measure of market completenessistheavailability of market pricesfor environmental
goods. Wewere ableto obtain pricesfor al environmental products (including manure, dung
cakesused asfuel, and tendu leaves) quite easily for almost al our villages.

Tablel: Market Participation for Selected Natural Resour ces

Number of households, where Number of Number of Number of
Resource either production or households households households that
consumption is positive that buy that sell either buy or sell
Water 54 8l 1 82 (15%)
Fuelwood 513 113 36140(27%)
Fodder 49 33 ) 363(73%)
Others 437 185 83 238(54%)

Note:  Figures in parentheses show the proportion of households that engage in trading.

16 For adetailed description of data, see Narain, et ., (2005).

17 Thisisdone by dividing the time spent by the household in resource collection by the number of men, women and
children in the household. Although we do have the information on migration at the seasonal level, we assume the
same number of working age membersin all the seasonsfor our analysis.
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Thecoallectiontimediffersin different seasons. Anagriculturd year in Jhabuaisdividedintothree
seasons—kharif, rabi and summer. Kharif correspondswith the monsoon/rainy seasonandis
aso the prime agricultural season lasting from Juneto October. Rabi constitutesthe winter
gpanning November through March whilethe summer/dry season consistsof the monthsof April
and May. Kharif istheresource abundant season with the availability of water and grassbeing
high. Sinceitisthe primary agricultural season, al membersof the household are busy intheir
field and consequently devotelesstimeto resource collection. Inrabi, asecond crop may be
harvested if therainfall hasbeen good. If not, thisisthe period when most households start
migrating to the adjacent states of Gujarat and Rajasthan for work. Themigrantsreturn by the
middleof summer to start preparing their field beforetheonset of rains. Theavailability of grass,
timber biomassand water gradualy declinesinrabi, reachingitslowest by thetime summer sets
in. Summer correspondswith resource scarcity. Hence, peopletend to spend moretimein
resource collection ascompared to other seasons. Summer isalso low opportunity cost timefor
collection activity asemployment ishard to find, thusfreeing up timefor resource collection.

Table 2 showsthe average number of hoursspent per capita, per male, per female, and per child
inthe householdin collection of variousresources. There are 524 househol ds (approximately
96.5 % of our sample) who spend positive amounts of timein resource collection during the
survey period. Atthehouseholdlevd, resource collection accountsfor gpproximately oneanda
half hours per capitaper day. With an average size of morethan 7 for the sampled households,
these househol ds spend approximately 10 hoursaday collecting resourcesfrom the commons.
Thistimehowever isapproximately 5.5 hoursaday if time spent collecting water isexcluded.
Thisisdightly lessthan thetime spent in resource collection by an average household in rural
Nepal—almost 6 hours per day (Cooke, 1998a).28 In the survey year, sample households
spent most of their timeinwater collection and grazing—around 0.63 hoursin water collection
and 0.61 hoursper day per capitaingrazing. Therefore, water collection and grazing appear to
bethemain activitiescarried out by the sample househol ds.

Atthelevel of gender, it isevident that women are primarily responsiblefor the collection of
resources. Theaveragetime spent per femalein resource collection (1.71 hoursper day) is
amost thedoubl e of averagetime spent per mae (0.94 hours per day) inthe household. Nextto
women, children gppear to bemainly responsiblefor resource collectioninthehousehol d, spending,
on average, morethan anhour inresourcecollection per child. Men appear to bemainly involved
ingrazing animals on the commons, spending around 0.57 hoursdaily per male member of the
household. Out of thetota collectiontime, women spend themaximumtimeinwater collection—
1.25 hours per day per femaleinthe household. It isalso evident that women mostly collect
fuelwood and fodder. However, in contrast to the 3.5 hoursper day spent in fuelwood collection
by womeninrural Nepal, women in our sample spent only 0.4 hoursinthisactivity. Children
spend the maximumtimein grazing (almost an hour per child per day) out of their total resource
collectiontime.

18 Cooke does not includes time spent in water collection.
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Table2: HoursSpent per Day in aYear in Resource Collection (524 Households)

All Water Grazing Fodder Fuel Other
resources wood resources
Collection Time per Capita 142 063 061 004 013 001
Collection Timeper Mae 0% 024 057 004 009 001
Collection Timeper Femae 171 125 021 0.06 020 0
Collection Time per child 134 030 oA 002 007 001

Table 3 showsthe average number of hours spent per day for the entire year aswell asfor the
seasons. At the seasonal level, househol ds spend moretimein overall collection of resourcesin
the summer season as compared to kharif and rabi. Householdsspend alot moretimeinwater
collectionand alot lesstimein grazing inthesummer ascompared to the other two seasons. This
isdueto thefact that in the resource-scarce season of summer water scarcity leadshouseholds
to spend moretimein the pursuit of water. At the sametime, dueto decreased availability
of fodder, households also spend less time grazing animals, probably switching to other
options. Householdsa so spend moretime collecting firewood inrabi and summer ascompared
to kharif.

Table3: Hours Spent per Day during Entire Year and by Season in Resource
Collection (524 households)

All Water Grazing Fodder | Fuelwood Other
resources resources
Collection Time per Capita 142 063 061 004 013 001
inaYear
Collection Timeper Capita 135 047 0.74 008 0.06 0
in Kharif
Collection Time per Capita 137 058 059 0.02 018 0
in Rabi
Collection Timeper Capita 175 120 034 001 020 001
in Summer

Table4: Number of Households that Collect Various Resources during Year

and by Season
All Water Grazing Fodder Fuelwood Other
resources resources
Year 524 503 34 76 269
Kharif 508 470 A7 A » 5
Rabi 50 472 K §¢] 47 184 16
Summer 499 471 196 10 212 37
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Although Table 3 showsthat the time spent in water collection variesby season, Table4 shows
that the number of househol dsthat collect water do not. 503 househol ds collected water during
thesurvey year. However, there are many househol dsthat do not collect water from public
sources. Sincewater isan essential commaodity for the household, we need to see how these
others meet their requirement. Our datashowsthat 56 househol ds obtain water from private
sourcessuch aswellsor pumpsowned by the household. Around 81 householdsbuy water. The
ninehousehol dsthat do not obtain water from any of thethree sourcesmentioned above received
water astransfer or gift from neighbours, friends, relatives, etc. Tables3 and 4 also show that the
number of householdsthat graze animal sdeclinesfrom kharif to summer (asisthetime spent)
whilethe number of househol dsthat collect fuelwood increasesfrom kharif to summer (asisthe

time spent).

Table 3 showsthat the scenario for the kharif and rabi seasonsremain essentially the same
throughout the year. Therefore, we do not present summary statisticsfor the time spent in
resource collection for thesetwo seasons. However, thereisadrameatic differencein the summer
season with respect to timein resource collection. Table 5 showsthe average number of hours
spent per day inthe summer seasoninthe collection of variousresources. During the summer
Season, time spent inwater collection goesup. Eventhetimein fuelwood collectionincreasesto
someextent. However, thetime spent in grazing and fodder collectionfallsdueto the decreased
availability of fodder inthisseason. Table5asoreflectsthefact that increased collectiontime
during the summer seasonismet primarily by women, with theaveragefemal einthe household
spending amost three hours per day in collecting resourcesfrom the commons. Theincreased
collectiontimefor women comesmainly fromwater collection and to someextent from fuelwood
collection. Thetime spent by men and children in resource collection in the summer season
remainsamost the sameasthat for the other two seasons.

Table5: HoursSpent per Day during Summer in Resour ce Collection (499 Households)

All Water Grazing Fodder Fuel Other
resources wood resources
Collection Timeper Capita 184 126 0.36 001 021 001
Collection Timeper Male 109 059 0.36 0.003 013 001
Collection Timeper Female 283 233 014 001 034 001
Collection Time per Child 132 064 052 0.005 015 0

Preliminary dataanaysisshowsthat the threeimportant resourcesthat are being considered—
water, fuel wood and fodder—aretreated differently from each other intermsof seasond variation
intimespent incollection. Thetime spent collecting water increases substantially with scarcity
during the summer season. Most of theincreasein water collection time can be seen asan
increasein women’scollectiontime. These differences can be explained by the presence of
markets. Unlikethemarketsfor fodder and fuelwood, marketsfor water are non-existent or thin
at best. 77 householdsin our samplebuy water but the market for water, thoughit exists, isnot
fully functiond. That is, whilecalling tankersfor water intimeof scarcity may beanoption, itis
not feasible. Firstly, atypicd tribal household does not havethemoney to spend on purchasing
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water during scarcity. Inaddition, thereareno optionsinlieu of collectingwater. Thevillagesare
physically spread out and theterrainisundul ating. Thiscoupled with alack of roadsmeansthat
water tankers cannot moveeasily inthevillage. Another hindranceto the use of tankersasan
optionisthedifficulty infixing thetime of arrival and departure of thetanker so astosuit al the
householdsinthevillage. Other options such astap water are beyond the reach and control of
thevillagers.

Another reasonfor theadditiona time spent during summer monthsby womenisthat they typically
do not migrate as often asmen do during summer and are therefore ableto devotethe additional
timetowater collection. Preferenceisgivento collection of water rather than buyingitfromthe
market dueto thefact that thereislittle or no agricultural work on ones' fieldsor work inthe
villagein the summer and therefore few opportunities exist for women to work outside the
household. Thetimethat would have been spent inincomegenerating activitiesin other seasons
Isnow spent avoiding extraexpenditure on buying water viathe additiona time spent collecting
water at atimewhen availability isreduced.

Thetime spent collecting fuelwood a so riseswith the scarcity of biomassin the summer season
but for different reasons. Fuelwood collectionisactually more productive during the summer/
dry seasonwhen thewood isdry and hence not as heavy aswhen wet which makesthe storability
of thewood easier. However, thetime spent in grazing mostly declineswith scarcity because
grazing becomes|ess productive asthe grassbiomassdries up.

Themostimportant finding of thequantitative study, whichisequally corroborated by thequditetive
study, isthat thereare sgnificant seasona variationsin the collection and use of resources. This
finding inturnimpliesthat one needsto conduct the quantitative analysisat the seasonal level as
well. Generdizationsbased onanaysscarried out over ayear might not besufficientinthemselves
to understand the compl ete picture with respect to time alocation decisions at the household as
well asat thegender level.

4. Empirical Strategy and Description of Variables

a. Empirical Srategy: Our data on time all ocation faces the problem of censoring®, asthe
dependent variableis zero for asignificant proportion of the sample. For instance, thereare
householdsin our dataset that do not collect natural resources and therefore report zero hours
for theactivity. We have used the three commonly used censored regression models, namely, the
Tobit model, the Heckman'stwo-step estimation, and the two-part model to estimate resource
collection equations. The determinantsof the decisionto collect (or not) may differ fromthose
thet determinethetimeallocated to collection. However, the Tobit modd assumesthat determinants
of thedecision to collect areidentical to the determinants of thetime spent in collection. The
Heckman' stwo-step estimation method 2 takes care of thisrestriction but the estimates obtained

19 Censoring can be addressed by using a Tobit model or a censored regression model (Amemiya, 1984). While OLS
parameter estimates for a Tobit model are biased and inconsistent, maximum-likelihood estimates are unbiased and
consistent (Maddala, 1983).

20 The advantage of the so-called Heckit model over Tobit is that it controls for individual self-selection into various
activities (Heckman, 1976; 1979). For applications of Heckman'stwo-step estimation method, see Glick (1999) and
Skoufias (1993).
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arenot asefficient asmaximum likelihood estimates (K ennedy, 2003) dueto collinearity between
theexplanatory variablesintheregression equation and theinverse Millsratio (IMR) obtained
from thefirgt stage selection equation.®

Another alternativeto the Tobit model isthe Two-Part Moddl, wherethe determinants of thefirst
stage decision and the second stage decision arenot so related. For instance, timealocated to
the collection of aparticular resource might beindependent of the probability that determinesthe
decisiontogoforitscollection. In such asituation, Cragg (1971) proposes several kinds of
Two-Part Models, more general in comparison to Tobit, in which the probability of alimit
observation isindependent of theregression model for the nonlimit data. Of these, wewill be
employing the Two-Part model with completedominancefor our empirica analysis. Inthiscase,
themode can be estimated separately using aProbit for participation and Ordinary Least Square
(OLS) for thetimeall ocation equations over participantsonly?. Itisaspeciad caseof thesample
selection model asthe errorsof the selection and the regression equation are independent of
each other. Althoughweonly report theresultsfor the Two-Part model, our resultsarerobust
acrossall threeestimation strategies.

Apart from the issue of self-selection, another matter that needs to be addressed is that of
seasondlity. Thedescriptivesatisticsaswell asingghtsfromthefield show that therearedramatic
differences acrossthe seasonsin terms of resource collection time by our sample households.
Therefore, wecarry out the econometric analysisat the seasond level. Thedataset containsthe
information on choice variables related to resource collection time aswell as some of the
explanatory variablesat the seasondl levdl, i.e., for kharif, rabi and the summer (dry) seasons.
In order to take care of seasonality, we employ seasonal dummiesin panel regressions. By
employing thepanel datatechnique, onecan control for unobserved househol d-specific effects.
For the panel regressions, random-effects specification is used since data on most of our
explanatory variables has been collected at the yearly level. This technique assumes that
unobserved househol d-specific effects are not correl ated with the explanatory variables. In
order to comparefixed and random effects specifications, Hausman testswere carried out that
fall torgect the assumptionsof random effects specification.

21 The Heckman procedure also introduces a measurement error problem because an estimate of the expected val ue of
the error term, that is, IMR is used in the second stage of the regression. In these cases, Heckit estimates are
particularly inefficient and the sub-sample OL'S (or the Two-Part Model) may be more robust (Puhani, 2000).

22 Ingenerd, itisdifficult tojustify theinclusion of some variablesin one equation and not in the other. Therefore, we
assumethat all the independent variables determine both the decision to collect (or not) aswell asthetime allocated
to collection.
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Table6: Description, M ean and Sandar d Deviation of Explanatory Variables®

S.No Variable Description Mean Std. Dev.
1 head_age Age of the household head 44.05 12.48
2 head_edu Household head's years of schooling 2.66 4.14
3 propn_f Proportion of adult (15-60 yrs) female members in 0.36 0.15
the household

4 propn_c Proportion of children (1-15 yrs) in the household 0.28 0.20

5 mktdist.agr Average distance in kilometers between the village 5.06 5.33
and the nearest crop and market for agricultural
inputs

6 mktdist.fwd Distance in kilometers between the village and the 1.90 4.15
nearest fuelwood market

7 mktdist.fod Distance in kilometers between the village and the 47.94 87.69
nearest fodder market

8 jfm Dummy indicating the presence of Joint Forest - -
Management in the village

9 Watshd_prog Dummy indicating the presence of watershed - -
management program in the village

10 biomass Per capita availability of total (timber and fodder) 0.82 1.41
biomass in thousand of tones

11 water scar city Average groundwater depth in meters for kharif, rabi 5.35 2.43
and summer season

12 kharif Seasonal dummy for kharif season 0.33 0.47

13 summer Seasonal dummy for summer season 0.33 0.47

14 rain Rainfall measured at the block level in millimeters 390.25 171.29

15 avgwage Average of village level daily male and female wage in 41.81 9.19
rupees

16 land*capital Number of hectares of land cultivated times the value 23194.41 224185.3
of farm capital owned in June 2000 per capita

17 pvttree Number of al the trees owned by the household in per 4.77 33.82
capita terms in June 2000

18 pvtfwdtree Number of babul and low-quality-timber trees owned 1.28 8.11
by the household in per capita terms in June 2000

19 pvtfruittree Number of trees, other than fuelwood trees owned by 3.70 36.41
the household in per capita terms in June 2000

20 animal Animal holdings (weighted sum of bullocks, cows, 0.51 0.41
buffalo, donkeys, goats and sheep) per capita

21 pvtwell_value Per capita value of the private wells owned by the 2016.33 4034.36
household

22 nonwageincome | Unearned/non-wage income per capita -271.82 2381.81

23 price_fwd In-village rupee price of fuelwood per kilogram 1.42 0.58

24 price_fod In-village rupee price of fodder per kilogram 3.24 2.06

23 Theexogenous variables such asavgwage, price_fwd and price_fod are at the seasonal level.
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B. Description of Variable s**: Table 6 presentsthe description and summary statisticsof the
explanatory variables. Inour mode, the utility function of any representative househol d depends
on technology and preferences (d ). Theseinturn are affected by several fixed household
characteristics such as proportion of adult female membersin the household (propn_f ),®
proportion of childreninthe household (propn_c),? age of the household head (head age) and
educational level of the household head (head edu) and village characteristics such asdistance
totheagricultural markets(mktdist_agr), presence of resource management committeessuch as
joint forest management (JFM) (jfm) and watershed management programmes ( watshd_prog),
andrainfall (rain). Theeducational level of household head (head_edu) ismeasured by the
number of yearsof schooling of the head. The household head'seducationislikely to correlate
with the education of other members. Therefore, the variable on educationisproxy for human
capital. Themean number of yearsof schooling of the household head islessthanthreeyears,
which showsthelevd of illiteracy intheregion. jfmandwatshd_prog aredummy variablessuch
that they takeavalue of oneif the respective resource management committeeispresent inthe
villageand avalue of zero otherwise. Our datarevealsthat 27% and 45% of thevillageshave
joint forest management (JFM) and watershed management programmesrespectively. rainis
theblock level rainfal measuredinmillimeters.

Asfor the measure of natural resource availability, we have direct measures of environmental
quality, namely, availability of forest biomass(rs_for_c) and grasshiomass(rs _grs c) atthe
village (Q) level. They have been calculated viaremote sensing (Narain, et al.). However,
forest and grass biomass are highly correlated with each other.?” In order to take care of
the collinearity problem, we employ availability of total biomass (Ibiomass), which is
the sumtotal of forest and grass biomass asthe measure of natural resource availability. The
measure of Qisthe per capitavolume of thetotal biomassavailableinavillage (intons). In
order to examine the combined impact of resource management programmes like JFM
and natural resource availability, we use lbiomass* jfm, which isthe product of per household
availability of biomass(Irs_bio_h) inthevillagewith thedummy indicating the presence of JFM
inthevillage(jfm).

Apart from the measures of natural resource availability, we also have time series dataon
groundwater depth in the sampled villageswhich have been collected by the Madhya Pradesh
Groundwater Department that represents Q. The seasonal well depth data obtained for the
period 1974 to 2001 hasbeen used to computethevillage-level scarcity measure of groundwater.
Thevariableindicating thereduced availability of water iswaterscarcity, whichisthe average of
groundwater depths? in pre-monsoon, post-monsoon and winter seasons.

In order to take care of seasonality, we employ seasonal dummies kharif and summer.
kharif isadummy variable taking thevalue 1 if it isthe kharif season and zero other wise.

24 The exogenous variablesin time all ocation equations for water, grazing and fuelwood contain the resource specific
variables.

25 Adult members are the onesfalling in the age group of 15-60 years.

26 Children refer to household membersthat are in the age group of 1-15 years.

27 The multicollinearity problem and its remedy are discussed in Appendix 2.

28 The groundwater depth indicates the reduced availability of water, as this measure is the depth at which water is
availableinthevillage well from the ground level after deducting the parapet height.
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Similarly, summer isadummy variabletaking thevalue 1 if itisthe summer season and zero o
ther wise.®

The household may also have planted treesonits private land in the past (pvttree), which can
affect thecurrent household-leve availability of biomass(g). Theaveragenumber of dl thetrees
owned per capitaby the householdisapproximately 5. Inorder to examine how the household
meetsthefuelwood needsfromits privatetrees, wedivideall thetreesowned by the household
into fuelwood (pvtfwdtree) and fruit trees (pvtfruittree). Wedso usethevaue of wellsowned by
thehousehold (pvtwell_vaue) toindicate @. Thereare 192 sample househol dsthat own private
wells

Other determinants of household and women'stime all ocation arethe opportunity cost of time
(w) and unearned income (v). Thedataset containsinformation on wageratevariablessuch as
thelow skill villagelevel daily wageratesfor men and women aswell ashigh skill villagelevel
daily wageratesfor men. However, thesewagevariablesare highly correlated with each other.
Therefore, the average of male and female wage rates (avgwage) has been used for the
econometric estimations. Our sampleincludes many househol dsthat do not have men or women
who participatein thelabour market. Thisholdstrue especialy inthecase of women.® Using
villageleve wagerate can overcomethe problem of saf-sdectivity by assuming that every individua
ispaid equally irrespective of hisability, education or experience. Therefore, thisapproachis
problematic sinceitimpliesthat therate of return on human capital investment iszero (Khandker,
1987). However, we canignorethisissueascollectionisprimarily alow skill task and doesnot
requiremuch human capital investment.

Unearned/non-wageincome (nonwageincome) isan integral part of thelabour supply model.
Anincreasein unearned income confersanincomeeffect onleisure. Themeasuresof unearned
incomeareincomefrom financid transactions(interestincomeonfinancid assetssuch asdeposits
at bank or post office, women'ssavingsgroup, loansgivento friendsand re atives), rentd income
and incomefrom transfers (sum of cash and in kind paymentsreceived by household fromits
family, friends, the state, and any NGO inthearea).

In addition, we use average distance to the nearest marketsfor agricultural inputsand outputs
(mktdist_agr), inkilometers, to show theleve of integration of theloca farm economy and hence
thedemand for labour. Farm [abour demand isexpected to behighinvillagescloser to agricultura
markets (I1ahi and Grimard, 2000). Another variablethat reflects high labour demand isthe
amount of landholdings (L) and thefarm capitd (FC) possessed by thehousehold.® land* capital
measuresthe number of hectaresof land cultivated timesthevaue of farm capital ownedin June
2000 per capita.® Thelivestock holding (N) of the household aso contributesto theagricultural

29 Rabi isthereference season and istherefore not included in the regressions. The coefficient of kharif/summer tells
us the difference in the time spent in kharif/summer as compared to rabi.

30 17.27 % (95 households) of the sample reported as not being employed in any of the off-farm employment, which
includes off-farmin village, off-farm off village, and public or private sector job.

31 Our theoretical model assumes that agricultural production depends on the amount of landholdings (L), the farm
capital (FC), and the livestock holdings (N) possessed by the household apart from the labour input.

32 The dataset contains information on various types of farm capital equipment possessed by the household such as
tractors, bullocks, iron and wooden ploughs, electric and diesel pumps, wells and threshers.
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system by providing draft |abour and dung that isused asfertilizer (Cooke, 1998q). Thevariable
onlivestock holdings (lanimal) ismeasured by thewe ghted sum of adult cows, buffal oes, bullocks,
donkeys, goats and sheep per capita.®

Thedataset also containsinformation on market prices (p°) of natura resources (excluding water)
for al the seasonsthat determine the market purchasesof natural resources. We usetheaverage
market pricesof fuelwood (price_fwd) and fodder (price_fod) infuelwood collectionand grazing
equationsrespectively. Besidestheir market prices, we employ distanceto nearest fuelwood
(mktdist_fwd) and fodder (mktdist_fod) marketsin fuelwood collection and grazing equations

respectively.
5. Estimation Results

Our objectiveisto examinethedeterminantsof timeallocated to collection of natural resources,
and to investigate the associ ati on between coll ection time (the dependent variable) and physical
availability of forest, fodder and water. Wefirst report the estimation resultsfor timespent in
collection of water by males, femal esand childrenin the household (normalized by the number of
males, femaesand childreninthe household respectively) in Table 7 using thetwo-part estimation
technique®. Thefollowing Table showsthe determinants of the probability of any household
member to go for water collection (sel_water_m, sel_water_f, sel_water_c) that isestimated
using probit random-effectsregressions. Thesecond stageregression (ordinary random-effects)
examinesthe determinants of time spent in water collection by males(It_water_m), females
(It_water_f) and children(It_water _c).*

33 Following Jodha (1986), it isassumed that abuffal o, acow, adonkey and abullock are each equival ent to one animal
unit and agoat and a sheep are each equivalent to 0.1 animal units.

34 Theresults of the Tobit Random Effects model are presented in Appendix 1.

35 Thedependent variablesaswell asthe explanatory variables pertaining to resource avail ability, assetslike ownership
of land and farm capital, trees and animals have been taken in thelog form in order to correct for the non-normality
of theresiduals.
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Table 7. Determinantsof TimeAllocated to Water Collection by Gender

Estimation Method Probit RE RE Probit RE RE Probit RE RE
Dependent Variable sel_water_m It_water_m sel_water_f It_water_f sel_water_c It_water_c
head_age 0.014 -0.007* -0.015 -0.003 -0.023 -0.008*
head_edu 0.143*** -0.022** 0.011 -0.013** -0.208* ** -0.016
propn_f -10.352*** 0.600* 3.182** -0.794*** -4.142%** 0.630
propn_c -9.491%** 0.874*** 2.067*** -0.238 8.916*** -1.178***
mktdist_agr 0.012 0.008 0.038 0.005 -0.039 0.005
Waterscarcity -6.065* ** 0.416 -0.688 0.744* -7.403*** 1.588**
Waterscarcity _sq 1.292* -0.106 0.21 -0.201* 2.253*** -0.407*
watshd_prog 0.265 -0.071 0.433* 0.095*%* -1.739*%** 0.006
Kharif -0.366* -0.131** 0.198 -0.046** -0.045 -0.057
summer 0.988*** 0.295*** -0.098 0.430%** 0.283 0.441***
rain -0.002* ** -0.001* -0.002* ** -0.000* -0.004* ** 0.00001
avgwage 0.01 -0.0003 -0.009 -0.0001 0.003 0.002
land* capital 0.027 0.007 0.032 -0.004 0.018 0.017
pvtwell_value -0.129*** -0.034*** -0.151*** -0.007 -0.008 -0.003
lanimal -0.866 -0.151 1.419*** 0.005 -0.098 0.009
nonwageincome -0.0001 -0.00001 -0.0002* ** -0.00001 -0.0004** 0.00002
Constant 8.045% ** 0.663 1.998 0.666 4.131* -0.424
No. of obs. 1629 232 1629 1234 1629 329
R-sq 0.34 0.20 0.31
Chi-sq 90.91*** 119.18*** 70.71%** 697.03*** 98.76%** 236.89***

Animportant variablethat determineswater collectiontime pertainsto the scarcity measure that
has been developed using the seasonal well-depth data. The average groundwater depth
(weaterscarcity) ishighly significant in reducing the probability of menand children going for water
collection. However, it Sgnificantly increasesthetimespent by femaes(It_water_f) and children
(It_water_c) inwater collection. The estimated coefficient of square of groundwater depth
(waterscarcity _s0) isalso significant and negativein water collection equationsfor women and
children. Theestimation resultsfor waterscarcity and waterscarcity _sq show aconcave and
upward sloping rel ationship between time spent in water collection and scarcity of water; time
spent inwater collectionincreaseswith scarcity but at adecreasing ratefor womenand children.®
Thesefindingsimply that with rising scarcity of water thereisareductionin the probability of
water collection among men and children, but among those children who goto collect, moretime
isspent inwater collection.*

With respect to seasonal variation, the probability of men going for collection increasesin
summers (summer). All members of the household spend more time in water collection
during this season. This maybe due to the fact that summer corresponds to reduced
availability and therefore men aremorelikely to help out inwater collectionto fulfill household

36 Refer to Appendix 2.

37 Thisresultissimilar to the onefound by Ilahi and Grimard (2000). Asaccessto water deteriorates, women areless
likely to go for water collection but those who continue to collect, maybe dueto lack of aternatives, spend moretime
inwater collection
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needs.®® Moreover, since summer isalow opportunity cost timefor collection activity with
employment scarce, thereis scope/possibility for anincreasein collectiontime. Atthesame
time, men and women spend lesstimein water collection during kharif (kharif). Menareadso
lesslikely to go for water collection during thisseason. Sincetheavailability of water goesup
during the kharif season, householdsdo not have to spend moretime collecting water from
public sources. At thesametime, theopportunity cost of [abour isvery high during kharif. Since
itisthe primeagricultural season, adult members of the household are mostly engagedinfarm
activitiesleaving theresponsibility for water collection with the children of the househol d.

Theprivate source of water (pvtwell_value) significantly reducesthe probability of malesand
femaesgoing for water collection aswell asreducing thetime spent inwater collection by men.
Thesefindingsimply that women, being primarily responsiblefor water collection,* areaffected
themost intermsof anincreasein their water collection timewith scarcity. However, their
decisontocollect water issgnificantly influenced by the number of wellsowned by the househol d.
Thepresenceof watershed management programmeinthevillage(watshd _prog) not only increases
the probability of women going for water collection but they a so spend moretimein collection.
Children, however, arelesslikely to gofor collectioninthesevillages. Watershed programmes
arelikely toincreasethe groundwater level. Hence, dueto increased availability, women can
handlewater collection ontheir ownwhilethe children can beemployedin other activitieslike

grazing.

We now examinethe effect of other exogenousvariablesonwater collectiontime. Wefind that
the presence of adult females (propn_f) inthe household increasesthe probability of females
going for water collection whilesmultaneoudy reducing thetime spent by theminthisactivity. At
thesametime, thisvariable significantly lowersthe probability of water collection by malesand
children. Thepresenceof children (propn_c) inthehouseholdincreasesthe probability of children
goingfor water collectionwhilesimultaneoudy reducing thetime spent by them onthisactivity as
therearemorehandstotake careof it. Thisvariablea so significantly reducesthelikelihood of
men going for water collection but rai sestheir collection time; smultaneoudy thismakesit more
likely for womento go for water collection.

Theamount of livestock holdings(lanimd) Sgnificantly increasesthe probahility of women collecting
water. Thisisexpected given thefact that water isalso collected for livestock. In extreme
scarcity, animalsmay be given aminimal quantity of water at home, just enough to keep them
alive. Thiswater mostly comesfrom thewater collected by women. Sincewomenaremainly
responsiblefor water collection, the number of animalsin the household would increasethe
probability that they go for water collection asmen look for more productive chores.

Theaverage distanceto the nearest agricultural markets (mktdist_agr) that capturesthe demand
for [abour in the market significantly reducesfemal e participation in water collection. If the
householdisinavillagethat iswell connected with agricultural markets, thereisanincreasing

38 Although ad_01 reflectsthereduced availahility of water acrossthevillages, the variabl e that capturesthiseffect over
a period of time is the seasonal dummy-summer. Male members of the households do respond to the seasonal
scarcity of water by significantly spending more time in water collection during the summer season.

39 Thisisalso established in Table 2.
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possibility of women of the household working outsidein thelabour market. Anincreaseinthe
non-wage income of the household (nonwageincome) reducesthelikelihood of women and
children going for water collection. The non-wageincome of the household capturesthewealth
effect whereby householdsarelessdependent onwater collected from public sourcesand therefore
lesslikely togofor thesame.

We now examinethetime spent ingrazing by males(lt_graze m), females(lt_graze f), and
children (It_graze c)inthehousehold. TheresultsarereportedinTable8.

Table8: Deter minantsof TimeAllocated to Grazing by Gender

Estimation Method ProbitRE RE ProbitRE RE ProbitRE RE
Dependent Variable sel_graze m It_graze_ m sel_graze f It_graze f sel_graze ¢ It_graze c
head_age 0.018* -0.004 0.015 -0.004 -0.011 -0.010***
head_edu -0.080** -0.024** 0.037 0.001 -0.224*** -0.016
propn_f -1.29 0.954** 2.954** -1.497** -0.673 -0.577
propn_c -2.049** 0.590** 0.885 -1.127** 7.904%* ** -2.142%**
mktdist_fod -0.001 -0.0003 0.005* ** -0.001 -0.003 0.0004
mktdist_agr -0.047 0.01 -0.110*** -0.019 0.081*** 0.0003
Lbiomass -0.131 0.071** -0.078 0.186*** -0.081 0.044
Ibiomass*jfm -0.027 -0.031*** -0.03 -0.056*** 0.043 0.0002
Kharif 0.550* * * 0.092* ** -0.344 0.011 0.504* ** 0.062**
summer -0.765*** -0.026 -0.649*** -0.055 -1.312%** -0.155***
avgwage -0.009 0.002 0.005 0.005 0.002 -0.001
land* capital 0.241*** -0.012 0.128*** -0.007 0.318*** -0.036**
pvttree -0.055 -0.056 -0.789*** 0.05 -0.583 0.002
lanimal 0.894 0.565** 2.902%** 0.076 0.334 0.699***
nonwageincome -0.0001 0.00001 0.0001 0.00003 -0.00004 -0.00003
price_fod -0.046 0.002 -0.012 0.039** 0.015 0.01
Constant -3.347** 0.33 -7.678*** 0.857 -6.304*** 2.464***
No. of obs. 1629 343 1629 134 1629 441
R-sq 0.23 0.34 0.33
Chi-sq 89.09* ** 55.63*** 51.21%** 41.10%** 120.81*** 129.01***

Theavailability of biomassinthevillage (Ibiomass) increasestime spent ingrazing by malesas
well asfema esthough only innon-J=M villages. Thisincreaseisexplained by thefact that with
increased avail ability of biomass, grazing animal sin the commonsbecomeaprofitableactivity as
themarginal product goesup.* Moreover, time spent by childrenisnot affected significantly
with biomassavailability becausethey haveto undertakethisactivity irrepectiveof theavail ability
asthose primarily responsiblefor thiswork. However, men and women spend lesstimein
grazinginvillagesthat have JFM and high level sof per-household biomass (Ibiomasst jfm). This
finding doesnot imply that villageswith JFM have higher biomassavailability sncethelatter has
already been controlled for. The presence of JFM might impose restrictions on the households
with regard to the time spent grazing in common lands.

40 Peopleingrassbiomassrich areaskeep morelivestock whichisalso responsiblefor anincreaseinthegrazingtimein
these aress.
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In terms of seasonal variation, men and children are morelikely to go for grazing in kharif
(kharif) season. Our field enquiriesa so pointed to thefact that househol dsincreasegrazingtime
with availability asthey can then savethefodder collected from the commonsfor therelatively
resource scarce (summer) season. All thehousehold membersarelesslikely togofor grazingin
summer (summer). While men and children spend increased amounts of timein thisactivity
during thekharif season (kharif), thelatter allocatel esstimeto grazing during summers(summer).
Theseregression resultsshow that seasondity matters. All the household membersarelesslikely
togofor grazingin the summer season asthe grass avail ability goes down and the househol d
preferstolet their animalsgraze on their own during theday. Inkharif, menand childrenare
morelikely totaketheir animal sfor grazing because grazing becomes much more productive
whenthegrassbiomassishigh duetorains. Insummers, however, thepictureisvery different.
Animalsareleftto‘fendfor themseves,” inthe sensethat animalsarefed and watered (by most
households) in minimal quantitiesearly inthe day (beforedawn) and thenlet loosewith all the
other animalsof thevillage.** Even during summers, someoneinthevillageisawayslooking out
for theanimalsif not herding them. Another reason for the reduced possibility of household
memberstaking animasfor grazing during summer (not as much compared to the agricultura
season) isthat most of themen folk/adults of working age go out of thevillagein search of work.
Thisleavesmainly women and children to look after the household.

Another indicator of scarcity of natural resourcesis market price of fodder (price_fod) that
significantly increasesthetime spent by womeningrazing. Sinceitisexpensiveto buy fodder
from the markets, women haveto alocate grester timefor thisactivity. Further, inhouseholdsin
villagesthat are remote from thefodder market (mktdist_fod), women aremorelikely to take
their animal sfor grazing inthecommonlands.

Animportant variablethat affectsthegrazing timeisthe amount of livestock holdings possessed
by thehousehold (lanimd). Theamount of livestock holdingsinthefamily (lanima) sgnificantly
increasesthe probability of women going for grazing and also increasesthetime spent inthis
activity by menand children. Ownership of livestock and grazing activity arepositively related to
each other.

The sample households a so obtain fodder from private sources. Sincetheamount of fodder
obtained from the private sources could be endogenous, we have used aproxy variable, namely,
the number of privatetreesowned by the household (pvttree) 2. The number of privatetrees
owned by the household makeswomen lesslikely to go for grazing inthe commons.

In householdswith moreland and farm capital (land* capital), all the household membersare
morelikely togofor grazing, aresult that isdifficult tointerpret. Oneplausiblereason could be
that househol dswith higher landholdingsare morelikely to taketheir animalsaong whilethey
work ontheir farm.

41 These animals might roam over some distance, the owners being content if they find a source of water and food.
However, food and water are again given (in minimal quantities) after dusk when the animalsreturn home. Here‘fend
for themselves’ means animals are neither fed nor watered from sunriseto sunset (only fed and watered before sunrise
and after sunset) and left loose in the village. This meansthat thereis adefiniterisk that an animal might die of thirst
whileit is out of the house.

42 The sample households meet their fodder requirements from the private trees in the form of leaf fodder.
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Theegtimation resultsfor timespent infuewood collectionby males(It_fud _m), femdes(lt_fue_f)
andchildren(lt_fud_c) inthehousehold (normdized by the number of mades, femaesand children
inthe household respectively) arereportedin Table9.

Table9: Deter minantsof TimeAllocated to Fuelwood Collection by Gender

Estimation Method ProbitRE RE ProbitRE RE ProbitRE RE
Dependent Variable sel_fuel_m Lt fuel_m sel_fuel_f It_fuel_f sel_fuel_c It_fuel_c
head age -0.003 -0.008 -0.008 -0.004 0.012 -0.017***
head_edu -0.052 -0.002 -0.077*** 0.001 -0.132** -0.028
propn_f -1.527 0.428 1.987** -0.289 1.77 0.035
propn_c -1.239 0.456 1.242** -0.112 5.945%** 1.621%**
mktdist_fwd 0.005 -0.003 -0.002 0.013* 0.009 0.018
mktdist_agr 0.038 0.012 0.060*** 0.008 0.027 0.002
Ibiomass 0.331*** 0.072 0.225%** 0.02 -0.124 -0.008
Ibiomass*jfm -0.01 -0.009 0.061** -0.018* 0.088** -0.033*
kharif -1.119*** -0.096 -1.576*** -0.037 -1.846*** 0.050
summer 0.098 -0.006 0.300*** -0.004 0.226 0.006
rain -0.0003 -0.0001 -0.001 0.00001 0.001 0.0001
avgwage -0.046*** -0.012 0.012 -0.003 0.014 0.004
land* capital -0.03 -0.02 -0.027 0.007 0.115** -0.036
pvtfwdtree 0.179 -0.197 -0.433** -0.06 -0.308 0.058
pvtfruittree -0.004 -0.004 0.005 -0.009 0.331 0.168
lanimal -0.443 -0.073 -0.608 -0.221 -3.348*** -0.006
nonwageincome -0.00004 -0.000002 -0.0001 0.00001 -0.0001 0.00004
price_fwd -0.029 0.046 0.194 0.047 -0.805** 0.109
Constant -1.283 0.814 -3.270*** 0.804** -5.617*** 2.139***
No. of obs. 1629 118 1629 344 1629 117
R-sq 0.21 0.11 0.23
Chi-sq 44 .43%** 14.63 143.45%** 18.46 50.99* ** 22.71

Themost important variablein determining fuelwood collectiontimeistheavail ability of fuewood
asrepresented by the per capitatotal biomass (Ibiomass). Availability of biomassinthevillage
(Ibiomass)* increasesthe likelihood of men and women going for fuelwood collection. An
increasein theavailability of biomassincreasesthepossibility of householdswanting to collect
moreinorder to stock it up or sell itinthemarket. Sincethissignifiesbetter prospectsfor the
household, men’'scollectiontimein such acasewouldincrease. Invillageswith higher biomass
availability and the presence of JFM (Ibiomass*jfm), women and children aremorelikely togo
to thecommonsto collect fuelwood. But among thosewomen and childrenwhowould go, less
timeisspentinfuelwood collection. Thisresultisin contrast to the conventiona thinking which
postul atesthat theseingtitutionsimposerestrictionson rura househol ds (see Cooke, Kohlinand
Hyde, 2006) so that thelatter havelittle or no accessto common lands. However, our results
pertaining to JFM do not imply that theseingtitutionsmight beleading to higher biomassavail ability
inthevillagesaswehaveaready controlled for biomassavailability. Therefore, therearetwo
possibleimplications. Ontheonehand, itispossiblethat theseingtitutionsallow alarger number
of househol dsto accessforest land but imposerestrictionsontheserural householdsintermsof

43 Increasein the availability denotes a resource rich area and not the increase in availability in any particular season
through the year.
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the quantity they can collect from the common landswhichwould reducethetimethey spendin
theforest infuelwood collection. Ontheother, it ispossiblethat they might be benefiting the
househol ds such that they end up harvesting the same amount of resourcesfrom the commons
while spending lesstimeif JFM villageshave alarger proportion of fuelwood treeson their
commonland (Veld, et al., 2006).*

The private source of fuelwood as proxied by the number of fuelwood trees owned by the
household (pvtfwadtree) reducesthe probability of femalesgoing for fuewood collection. Women,
asthose mainly responsiblefor fuelwood collection®, arelesslikely to go to the commonsto
collect fuelwood in caseswhere the househol d has accessto private sourcesfor meeting their
energy requirements.

Intermsof seasond variation men, womenand children arelesslikely togofor fuewood collection
inkharif (kharif) asitisthe primeagricultural season. Theentire household becomesbusy in
agricultural tasksand thereislittletimeleft for resource collection activities—again reflecting the
high opportunity cost of timefor thisactivity. Moreover, fuelwood islikely to bewet during
kharif duetorains. Thismakesit unsuitablefor storageand use, hencemaking fuelwood collection
less productive. In the summer season (summer) women are morelikely to go for fuelwood
collection. Here, morewomen gofor fuelwood collection during summer than menmainly because
men migrate out in search of work during thisseason, leavingwomen responsiblefor thisactivity.
Even in househol dswhere men do not migrate, they prefer to pend thetimelooking for work in
thevillageor withinthedidtrict rather than collecting firewood and other resources. Furthermore,
field inquiries show that peopl e spend increased amounts of timein firewood collection during
summer mainly to stock up firewood for thekharif season. Sincewomen arefreefromagricultura
work inthesummer season, they can easily spend time on fuelwood collection after finishing al
the household tasks. Children also help out by either collecting fuelwood while grazing the
animalsor accompanying thewomen ontheir collectiontours.

Theamount of livestock holdings (lanimal) in thefamily significantly reducesthe probability of
children going for fuelwood collection. Possesson of anima smakesahousehold | essdependent
on fuelwood from the commonsto meet their fuelwood requirements asthey can substitutethat
with dung cakes. Kande[dung cakes] isthemost common aternativeto fuelwood. Peopleuse
them morein casesof fuelwood scarcity in comparisonwith other dternatives, asthey are stored
for suchtimes.

Another variablethat reflectsthe opportunity cost of time spent inwater collectionistheaverage
daily wagerate (avgwage). Itisexpected that asthe opportunity cost of timegoesup, households
allocatelesstimeto collection activitiesand moretimeto market activities. Regression results
show that anincreasein theaverage daily wagerate (avgwage) reducesthe probability of men
going for fuelwood collection as men are more likely to participate in income generating
activities

44 \We do not have information on the type of treesin the JFM controlled areas as well as some other common sources
of fuelwood such asnatural forests, plantations, etc. Creating anew plantation can also provide anew source of fuel,
thereby increasing the amount of resource harvested in the new areaand perhaps decreasing time spent in collection
(Linde-Rahr, 2003).

45 Thisis shown by simple descriptive statistics in Table 3.
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In order to capture the opportunity cost of time spent in water collectionvis-a-vistime spentin
own farm agriculture, we useavariableland* capital that reflectsthevaueof the cultivated land
and thevalue of thefarm capital possessed by the household. Thisvariableisanindicator of
ether ademand for labour onthefamily farm, whichwouldimply alower probability of going out
for other activities, or it could be seen asan indicator of wealth that hasthe effect of reducing
work timeinfavour of leisure(llahi and Grimard, 2000). Thisvariablesgnificantly increasesthe
likelihood of children engaging infuelwood collection activity asadult membersaremorelikely to
work ontheir ownfarm. Rainfall at theblock leve (rain) reducesthe probability of womengoing
for fuelwood collection asfuelwood islikely to be wet dueto rainsmaking it unsuitable for
storageand use.

Asthemarket priceof fuewood (price_fwd) increases, children arelesslikely togofor fuewood
collection. Whenthe priceof fuelwood increases, householdsarelikely to switch to alternatives
like dung cakesif the pricetruly capturesthe scarcity of fuelwood. Moreover, women from
householdsin villagesthat are remotefrom thefuelwood market (mktdist_fwd) aremorelikely
togofor fuelwood collectionin thecommons.

6. Conclusions and Policy Implications

Our research questionsfocus on therel ationship between scarcity of natural resourcesandtime
spent by the householdin collection activity at thelevel of gender. By addressing theseresearch
questions, our study contributesto abetter understanding of the linkages between poverty and
environment from agender perspective. For instance, it isbelieved that astheenvironmentis
degraded, women who are primarily responsiblefor resource collection will spend moretimein
thisactivity—timethat could have been better spent inincome-generating activities. Our study
showsthat women are primarily responsiblefor the collection of resources—the averagetime
spent per femaleinresource collection (1.71 hours per day) isamost doublethat of theaverage
time spent per male (0.94 hoursper day) inthe household. Out of total collection time, women
spend themaximum timein water collection—1.25 hoursper day per fema ein the household.
Itisalso evident that women mostly collect fuelwood and fodder. Hence, gender studiesinthis
spherehavesgnificant theoretical, empirica, and policy implications.

Theexigting literature ontheimpact of environmenta degradation ontimeallocation decisonsof
the househol ds showsthat with increase in deforestation, the time spent in the coll ection of
natural resources, such asfuelwood, cut grassand |eaf fodder by the householdsin generd, and
womenin particular, increases (Kumar and Hotchkiss, 1988; Cooke, 1998a). Thiscould be
dueto thefact that these studiesfocus on aspecial peasant agricultura systemwithlittle hired
labour. However, our study showsthat grazing time and thelikelihood of going for fuelwood
callectionincreases(fdls) with grassand forest biomassavail ability (scarcity) respectively. Grazing
timeincreaseswith availability mainly dueto thefact that it savesthe household itsprecious stock
of fodder (crop residue, grass collected from the commons or fodder bought from the market),
whichiskept for theresource scarce season. Time, whenit comesto fuelwood collection, also
showsanincreasewith availability mainly becausefirewood can beeasily stored and thiswould
savethe househol d time during periods of scarcity or during timeswhen labour may berequired
for important taskslikeagriculture. Inaddition, firewoodif collected in abundance canbeeasly
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soldinthemarket. Theseresultsare moreindicativeof well functioning markets (labour aswell
asresource) in Jnabuathat may be morerepresentative of rural settingsin devel oping countries
likelndia

Another interesting result that emergesfrom thisstudy isthe differentia treatment of water asa
resourcefrom other common property resources, namely, fuelwood and fodder obtained through
grazing onthecommons. Our study findsthat thetime allocated to water collectionincreases
dueto thereduced availability of groundwater, whereasthelikelihood of going for fuelwood
collectionand grazing timefallswith reduced availability of biomass. Oneplausiblereason could
bethat not many househol dsinthe sample participatein thebuying and saling of water, whereas
avery large percentage of sample householdsengagein fuelwood and fodder trade (Tablel).
Thereareno optionsavailableinlieu of collecting water, such astankersand tap water. This
makesthe opportunity cost of water collection from public sourceslow. Hence, households
spend additional timeinitscollection asit becomesscarce. Intermsof aternativesto fuelwood,
sample households have the optionto fall back on kande (dung cakes), privatetreesand crop
residues. Fodder collection from the commonsin theform of grazing isal so substituted for
fodder purchased from markets, obtained from crop residues, or privatetreesintheform of leaf
fodder. Duetotheavailability of various substitution possibilitiesfor thesetwo resources, the
opportunity cost of time spent in fuelwood collection and grazing is quite high making these
householdsresort to other optionsinthe event of scarcity.

Our researchisparticularly relevant inthe context of the Millennium Devel opment Goas(MDGs)
established by the United Nations, specifically MDG 3 (gender equality). MDG 3aimsto
promote gender equality by educating women and integrating theminto the monetary economy.
It statesthat women have an enormousimpact on thewell being of their familiesand societies
andyet their potential isnot realized because of discriminatory socia norms, incentives, and legal
ingitutions. Our study demondtratesthat if scarcity leadsto householdsingenerd, andwomenin
particular, to spend moretime collecting natural resources, then improved natural resource
management could dleviate poverty by making moretimeavailablefor income-generaing activities.
It can also promote gender equality by giving women more economic power. Moreover, an
increaseinthecollectiontimemay forcegirlsto drop out of school in order to assist their mothers
in household and other chores, which wouldinturn hinder their education. Hence, itispossible
that improvement inthe natura resource basemay givegirlsmoretimefor education.

Our analysisseeksto inform the policy debate on whether, and to what extent, improved natural
resource management—e.g., reforestation, regeneration of grasdands, building water-conserving
structures, etc.,—can aleviate poverty by affecting thetimeall ocation decisionsby households
and by women. A recent paper jointly produced by the World Bank, UNDP, DFID, and the
European Commission statesthat “ tackling environmental degradationisanintegral part of
lasting and effective poverty reduction” (World Bank, 2002). Our study too supportstheview
that natural resource management should be mainstreamed into poverty dleviation efforts. That
is, if householdsin genera, and women in particular, spend lesstimein market activitiesdueto
scarcity of natural resources, then animprovement inthe natura resource baseisnecessary to
freelabour forincomegenerating. Thisisparticularly truein the caseof water whereour sample
househol ds spend increased amountsof timein collectionin Situationsof scarcity asrepresented
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by the average groundwater depth aswell asduring thereduced availability season of summer.
Animportant fact to remember hereisthat while fuelwood and fodder are substitutable and
storable commodities, water hasfew feasible substitutesin our study area. Therefore, thisstudy
makes anoteworthy contribution in pointing out theimportance of building water conserving
structuresthat would help therural poor reduce thetime cost of the householdsin genera, and
women in particular, thus enabling them to participate more often in income generating
activities

A more comprehensiveand interdisci plinary understanding of intra-househol d behaviour with
respect to timeall ocation decisionswould increasethelikelihood of better policiesreaching the
peoplethey areintended to affect— policiesinthecrucid areasof food production, consumption,
nutrition, and natural resourcemanagement. Sinceour sudy showsthe presenceof wel-functioning
marketsfor variousresources, it throwsup the possibility of futureresearch onthemarket decisons
of householdswith respect to these resources, especially fuelwood and fodder.
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Appendix 1: Determinants of Resource Collection Time Using Tobit

AllL Water Collection
Estimation Method TobitRE TohitRE TobitRE
Dependent Variable It water m It water f It water c
head_age 0.038* -001 -0.008
head_edu 0.087* -0.066*** -0.227***
propn_f -8.085*** 0.37 -0.739
propn_c -6.832¢** 0.77 8.337***
mktdist.agr -0.015 0022 -0.035
lad 01 4579 2171 -3.068
lad 01 sq -1.963* 0574 0.844
watshd_prog 1.600*** 0.401** -0.874**
kharif -0.602* * -0.105 0204
summer 1775%** 1.217x** 1.264***
rain -0.004*** -0.002*** -0.002**
avgwage 0.022 0.006 001
land* capital -0.025 0.02 0.207***
Ilv_wel_c 0.002 -0.086*** -0.120%**
lanimal -0402 0.232 -3.118***
nonwageincome -0.000** -0.000** 0
Constant -4.778 -1132 -3577
Observations 1629 1629 1629
Chi-sq 167.15%** 252.82+** 184.95x**
Al2: Grazing
Estimation Method TobitRE TobitRE TobitRE
Dependent Variable It graze m It_graze f It graze ¢
head age 0 0.044*** -0011
head_edu -0.126** 0.076** -0.303***
propn_f -2.968 7.857*%** -1418
propn_c -4.243** -0.186 7.951%**
mktdist.fod -0.003 0 -0.004
mktdist.agr -0014 -0.066 0.131***
|biomass -029 0118 -0.32
Ibiomass*jfm -0.098* 0037 0.124*
kharif 0.835*** -0.245 0.649***
summer -0.863*** -1.019*** -1.861%**
avgwage -0014 0.015 -0.003
land* capital 0.312*** 0.200*** 0.323***
la tree ¢ -0.283 -0.611** -0425
lanima 2.061* -0.697 1269
nonwageincome 0 -0.000*** 0
price fod -0.081 0112 0.089
Constant -2.164 -14.557*** -6.479**
Observations 1629 1629 1629
Chi-sq 141.60*** 90.36*** 220.26%**
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Al.3: Fuelwood Collection

Estimation Method TobitRE TobitRE TobitRE
Dependent Variable It fue _m It fuel f It fuel ¢
head age -0.007 -0.013* 0.009
head edu -0.081 -0.078*** -0.155***
propn_f -1912 1.984** 2414
propn_c -1.341 1.110* 6.844***
mktdist.fwd -0.006 0015 0024
mktdist.agr 0.087 0.065*** 0043
|biomass 0.676*** 0.231*** -0.148
|biomass*jfm -0041 0044 0.102**
kharif -2.001x** -1.554*** -245]x**
summer 0112 0.316*** 0448
ran -0.001 -0.001 0.001
avgwage -0.099%** 0.006 0.007
land* capital -0.087 -0.013 0.153***
pvt_fwdtree 0226 -0.557*** -0517
pvt_fruittree 0.109 0035 0.532*
lanimal -0.78 -0.914* -5.070***
nonwageincome 0 0 0
price fwd 0.098 0.199 -1.019***
Constant -2.739 -3.158*** -6.750***
Observations 1629 1629 1629
Chi-sq 54.62+** 164.97*** 69.30***
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APPENDIX 2
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APPENDIX 3: REGRESSION DIAGNOSTICS

Regression diagnosticsisdoneto explore how well the existing datameets requirementsof the
underlying regression techniques. All the requirements (or assumptions) discussed below can
cause problemsin estimating theregression coefficientsif they areviolated.

A.3.1 Unusual and I nfluential Data

There are three ways an observation can make a substantial difference in the regression

results.

Outliers: In linear regression, an outlier is an observation with large residual. For this
observation, the value of the dependent variablesisunusual given the value of
independent variables. It may indicate samplepeculiarity or dataentry error.

Leverage: A leveragepointisanobservationwith extremevalueof theindependent variable
and can have an effect on the estimated regress on coefficients.

Influence: Anobservationissaidtobeinfluential if removing the observation substantialy
changesthe estimatesof coefficients. It can bethought of asthe product of leverage
and outlierness.

Onthisbass, we examined different measures of leverage and influenceto check for potential
outliers. Thesemeasuresincluded examining of standardised residuds, leverage, cooksd, DFITS
and DFBETA. Thedataset wasexamined carefully and was cleaned particularly with regard to
variablesrelated towater collection. Therewerealot of problemsthat wereresolvedlikegiving
uniform quantity codes, detection of potentia outliersintermsof time spentinwater collectionas
well as amount of water collected and purchased. Even for fuelwood and fodder, certain
househol dsemerged as outlierswith regard to collection time aswell asamount of resources
collected and consumed from thecommons. Seven householdsweredropped fromtheoriginal
set of 550 househol ds dueto these problems.

A.3.2. Heteroscedasticity

Sincewearedealing with cross section data, it can be proneto the heteroscedasticity problem.
For instance, survey dataare often collected using clusteringwhere somegroupsareddiberately
over sampled. Such sampling strategiesintroduce some degree of heteroscedadticity of theerror
terms. Inthepresenceof heteroscedadticity, weget incons stent estimateswhen theusua maximum
likelihood method isemployed (Melenberg and Soest, 1996). Heteroscedasticity leadsto bias
inthe estimates of the regression coefficients, but nothing can be said about the direction of the
bias(Maddda, 1983). Any of thethreetestscan be used to test for thisproblem— the Lagrange
Multiplier (LM) test, the Likelihood Ratio (LR) test or theWald test. This problem can be
overcome by estimating the heteroscedastic version of the Tobit model after making areasonable
assumption about the nature of heteroscedasticity (Greene, 2003)

Another way to handlethe problem of heteroscedasticity isto userobust standard errors. Under
heteroscedasticity, the OL S estimates, athough unbiased, are not efficient; that is, they do not

46 Refer to http://www.ats.ucla.edu/stat/stata/webbooks
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have minimum variance. Hence, the standard errors are biased that leadsto biasin thetest
statistic. Robust standard errors by relaxing the assumption that errorsareindependently and
identically distributed aretrustworthy. They do not changethe coefficient estimates but thetest
statistic givesmore accurate p-vaues asthe standard errorsare changed. Inasurvey data, error
termswill not beindependently andidenticaly distributed because observations(e.g., households)
sdlected within the cluster tend to besimilar than acrosstheclusters.

Thedataset used for thisstudy isessentidly primary datacollected fromthevillageand household
level survey. Asdescribed inthe section on‘ Dataand Descriptive Satistics , arandom sample
of househol dswas generated through atwo-stage sampling design, whereinthefirst stage, a
stratified random sample of villageswas generated and in the second stage, adtratified random
sampleof householdswasgenerated by oversampling of landlessand land-rich householdswithin
thevillages(Narain, et al., 2005). Thisimpliesthat error termsfor householdswithinany given
villagearelikely to be correlated, giving riseto the problem of heteroscedasticity. Sinceweuse
the STATA verson 8.0for the econometric estimations, weemploy survey commandsto andyze
thisdataset. Useof survey commandsin STATA producesrobust standard errors by making
surethat observations are wel ghted and standard errorsare corrected to account for the survey
design.

A.3.3 Multicollinearity

Multicollinearity refersto the existence of aperfect or exact linear rel ationship among someor
all-explanatory variablesof aregresson model. Asthedegreeof multicollinearity increases, the
regression model estimates of the coefficients become unstable and the standard errorsfor the
coefficientscanget wildly inflated. Multicollinearity can bedetected by examining somerulesof
thumb. Firstly, apair wise correlation coefficient in excessof 0.8 (absoluteva ue) isindicative of
multicollinearity. Another way to detect muticollinearity isto check for the variance—inflating
factor (VIF)—that givesthe speed with which variancesand covariancesincrease.

Asthe correl ation coefficient between the explanatory variablesx and z, r , approaches 1, VIF
approachesinfinity. Asaruleof thumb, thevalueof VIF greater than 10 indicatesthe presence
of multicollinearity.

Theproblem of multicollinearity isparticularly rdlevant when using theHeckman'ssamplesdection
mode. Asdiscussed before, Heckit estimatesare particularly inefficient dueto the collinearity
between the explanatory variablesin the regression equation and theinverse Millsratio (IMR)
obtained from thefirst stage sel ection equation. A further step to detect multicollinearity isto
caculate R? of theregression of theinverse millsratio ontheregressors of the outcomeequation
or by calculating the corresponding condition number. If the condition number exceeds 20, the
TPM (or subsample OLS) ismorerobust (Puhani, 2000).

All therulesof thumb discussed aboveindicated the presence of multicollinearity inour dataset,
following which certain variablesweredropped. For instance, thewagerate variablessuch as
thelow skill villagelevel daily wageratesfor men and women aswell ashigh skill villagelevel
daily wageratesfor men are highly correlated with each other (TableA.1). Therefore, the
average of maleand fema ewagerateswas used for the econometric estimations. Thevariable
on landholdingsand farm capital owned by the household were also found to be collinear with
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each other and were hence combinedinto onevariable (TableA.2). Furthermore, theresource
availability variables (timber/forest and grassbiomass measures) and their quadratic counterparts
werefound to be highly correl ated with each other, following which only thetotal biomasswas
used asan explanatory variable (TableA.3).

After accounting for al the changes mentioned above, the variance-inflating factor (VIF) was
again calculated and wasreasonably bel ow the maximum limit of 10 (TableA.4). Thecondition
number was al so estimated and was found to be bel ow 20.%

A.3.4Non-normality

If theunderlying disturbancesare not normaly distributed, then the maximum|ikelihood estimates
areincons stent (Greene, 2003). Therefore, we used thelog of dependent variables (time spent
in collection of variousresources) aswell asthe explanatory variables pertaining to resource
availability. Assetslikeownership of land and farm capital, treesand animalshave beentakenin
thelog formin order to correct for the non-normality of theresiduals. Furthermore, weused a
kernel density estimateto examinethenormality of Tobit resduas. Under thisprocedure, one
can seethekernel dengity plot aong with norma density overlaid onit to examinethe extent of
departurefrom normality. Wetried thistechniquefor al the gender-specific resource collection
eguations and the corresponding residual s showed no deviation from normality. Figure5.2
showsthekernel dengity plot of the Tobit res dua swheretime spent inwater collection by males
Isthe dependent variable.
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FigureA.3: Kernel Density Plot vs. Normal Density

47 In case of water collection equations, we have used the log of groundwater depth aswell asits quadratic term asthe
coefficient of groundwater depthissignificant only in this specification. Thisleadsto the problem of multicollinearity.
The most important consequence of multicollinearity isthat resulting estimators are inefficient due to high standard
errors, making thet-ratios statistically insignificant. However, our results show that the collinear variablesare highly
efficient asthet-ratios are statistically significant. Furthermore, we employ Two-part model, which is more robust
in the presence of multicollinearity.



TableA.1: Correlation MatrixtoDetect Multicollinearity intheWage Rate Variables

p_Ism pIs f p_hs m
Plsm 1 - -
Plsf 0.89 1 -
P hs m 0.67 0.61 1

TableA.2: Correation Matrix to Detect Multicollinearity in theVariablesPertaining
toLandholding (a_Ict_c) and Farm Capital (v_cap_c) of theHousehold

alct c v_cap_C
alct c 1 -
v_cap C 0.60 1

TableA.3: Correlation Matrixto Detect Multicollinearity in the Resour ce Variables

rs for_c rs for_sq_c rs grs c rs grs sq_c
rs for ¢ 1
rs for sq ¢ 0.9069 1
rs grs c 0.5849 0.4107 1
rs grs sq c 0.3889 0.2766 0.8898 1




TableA.4: Variancelnflation Factor of Explanatory Variables

Variable VIF INVIF
land* capital 2.12 0.47
Lanimd 2.09 0.48
propn_c 184 0.54
propn _f 1.74 0.57
Ran 151 0.66
Lbiomass 151 0.66
pvt_fruittree 1.43 0.70
Ibiomasstjfm 1.39 0.72
mktdist.agr 1.35 0.74
Kharif 1.35 0.74
Summer 1.34 0.75
price fwd 1.27 0.79
pvt_fwdtree 1.25 0.80
Avgwage 117 0.85
head_edu 1.17 0.86
head age 1.16 0.86
nonwageincome 1.1 0.91
mktdist.fwd 1.09 0.92
Mean VIF 144
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