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Conservation Payments, Liquidity Constraints and Of-Farm Labor:
Impact of the Grain for Green Program on Rural Households in China

Abstract

This study evaluates the off-farm labor responsena households participating in the
Grain for Green program in China, the largest corsmn set-aside program in the developing
world. Using a panel data set that we designedrapttmented, we examine the impact of the
program on changes in off-farm labor participati@tween 1999 (pre-program) and 2004
(post-program) using a difference-in-differenceprapch and several extensions that account for
program intensity. We also test whether the prograpact is diverse depending on level of
physical and human capital of participants.

We find that on average the Grain for Green prognasia positive effect on off-farm
labor participation. Importantly, however, we fiticht program effects vary across groups of
individuals in the sample. For example, we find tbaver initial levels of wealth enhance the
impact of the program on the off-farm employmernivéty. This result supports our view that
the Grain for Green program may be relaxing ligqyidonstraints for the participating
households and that is one reason why particigaetsore likely to find off-farm employment
compared to non-participants.

The positive impact of the conservation paymentsféfarm labor is in stark contrast
with the findings in the US where most studies hiawmd that government payments to farmers
decrease off-farm labor participation. One reaswritfe difference in findings between China
and US may be because there are more impedimepésttoipating in off-farm labor market in
the poor areas of rural China (the areas in whietprograms are being implemented) compared
to the US and Grain for Green helps overcome tbesstraints. It could also be that there are
differences in the age structure of the farmingypaion between China (which is generally
younger) and the US (which is generally older) sTihterpretation is reinforced by the finding
that, while the average impact is positive, theran even larger measured positive effect for the
younger cohort. The measured effect of Grain fare@ris negative for the older cohorts. We
also find no impact on off-farm labor participatifar individuals with low educational
attainment (and positive for those with higher lexa education), suggesting that human capital
is necessary when trying to achieve a structurahgh to earning activities. If policymakers
want to achieve a win-win outcome through GrainGoeen by meeting both the program'’s
environmental and development goals, they may tepdovide extra support (for example,
through greater assistance to education) to theevable sub-populations in the program areas.



l. Introduction

In the past decade, an increasing number of inaebased conservation programs have been
launched in the economies of developing countiediding Costa Rica, Columbia, Mexico and China
(e.g., Alix-Garcia, et al., 2003, Hyde, 2003, P&iet al., 2002). Often called payments for
environmental service (PES), incentive-based pragrarovide financial incentives to those who
“supply” environmental services, including farmerso agree to set aside environmentally sensitive
land or adopt farming technologies that generat@mmental services such as conservation of viddli
habitat, sequestration of carbon and protectionaiérshed functions.

Since rural farmers often are suppliers of thesérenmental services, programs often have
been designed with dual goals—to generate enviratahservicesandto achieve economic
development (Pagiola and Platais, 2005). A PESrpamgan potentially increase the income of rural
farmers directly and indirectly through compensapayments. For example, farmers who agree to set
aside previously cultivated land for conservationgoses can increase their incomes if the payments
they receive exceed the opportunity cost associatidretiring their land. In addition, farmers case
the compensation to finance other productive d@wi both on and off the farm. Depending on the
program design, these schemes can induce a raallocéh factor endowments and thus shift or
diversify income-earning activities. PES prograras therefore indirectly induce fundamental struatur
changes in household income-earning activities.

The programs may be unsuccessful, however, if theyot induce farmers to transform their

income-generating activities. Payments are typiaathde for only a fixed term and can be terminated
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early due to political disagreements and/or budgastraints. In the longer run, farmers often nshsft
their agricultural practices and income-generasiagyities so that they do not rely on program
compensation payments. Otherwise farmers may bedependent on the incentive payments and upon
their termination may have to return the land tiiiation to survive, undoing the long-term benefif
the program.

Despite the importance of understanding how fasrabange their labor-allocation patterns in
response to these programs, few studies to datedxamined how PES schemes have or have not
enabled farmers to optimally reallocate factor emsients and structurally change their
income-generating activities. Many critical quesigemain. For example, how does a conservation
set-aside program induce farmers to shift labarcalions from on-farm production to off-farm work?
What is the effect of such programs on on-farm dabocation? Do program impacts depend on the
endowment of the physical and human capital opréicipants?

This study examines these questions by analyhi@dargest PES experiment in the developing
world: theGrain for Greenprogram in China. Following a series of devastatioods in 1998, China’s
government initiated a conservation set-aside pragmown assrain for Green™ The program’s main
objective is to increase forest cover on slopetivated land in the upper reaches of the Yangtzk an
Yellow River basins to prevent soil erosion. Whanlsland is available in a community and the
community is chosen to be part of the program, abalsls can choose to set aside all or part of the
cultivated land on such slopes and plant them tréth seedling$. In return, the government

compensates participants with in-kind grain, casynpents for two to eight years based on the type of
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seedling planted and free seedlings in the inyéalr® By the end of 2004, officials had expanded the
program to some eight million hectares of cultidaend, involving approximately 15 million farmers
in more than 2,000 counties in 25 provinces in @l{Btate Environmental Protection Administration,
2005, Xu, et al., 2006).

More than five years into the program, howeves ot yet clear howsrain for Greenhas
affected how farmers allocate labor across incosreetating activities. On one hand, the government
explicitly states that poverty alleviation and rasturing of agricultural production into a more
environmentally and economically sustainable setotiities are program goals (State Forestry
Administration, 2003). Therefore, the governmeptdly has an expectation that the program will
facilitate a shift in labor from low-profit grairr@duction to production of more profitable cropsl afi
livestock and, more importantly, from primarily éem work to greater off-farm work. On the other
hand, off-farm activities, including self-employmemd wage income, both in local job markets and in
migrant labor markets, have been a driving forceettucing poverty in rural China (Bowlus and Sicula
2003, deBrauw, 2002, Meyer, et al., 1995 ). Giles tecent trend, households in rural China maghav
been increasing their participation in off-farmieaities even when they were not enrolled in @min
for Greenprogram. The results of empirical studies on ttterg of the program’s labor impact are
mixed: two studies of th&rain for Greenprogram used data collected two years after thgrpm
began and found that the program had no impacffefaron incomes or on off-farm labor participation
(Uchida, et al., forthcoming, Xu, et al., 2004)s#dy involving data collected four years into the

program found a positive effect on off-farm labartripation (Groom, et al., 2008).



In fact, this study of the impact Gfrain for Greenon labor allocation in China is part of a
wider set of studies examining the fundamental tpre®f how government payments affect the
off-farm-labor decisions of farmers, a subjectarfd-time interest to agricultural economists. Dgtine
past three decades, off-farm activities have prwid critical source of income to a majority offiar
households in the U.S. and off-farm provision hesrblargely responsible for closing the gap in imeo
between farm and nonfarm households (Ahearn, @05, Gardner, 1992, Mishra, et al., 2002).

Importantly, nearly all of the research conduadadJ.S. farms has found that government
payments to farmers, whether coupled or decouptad flecisions about production of a specific
commodity, have decreased off-farm labor partiegrefEl-Osta and Ahearn, 1996, Mishra and
Goodwin, 1997). For example, Ahearn et al. (20@b)nfl that payments from the Conservation Reserve
Program decreased the likelihood of a farm opematwking off the farn®. These findings suggest that
the substitution effect, which would increase @iifrh labor allocation, is outweighed by the income
effect, which would decrease the number of hodcxaled to off-farm labor. While these previous
findings suggest a hypothesis ttain for Greenwill lead to decreased off-farm participationisit
important to ask whether results from the U.S. loaexpected to hold up for a developing economy.

In fact, there is reason to believe that the imp&conservation payments in a rural,
developing economy may not follow the U.S. exangpld may have a positive effect on off-farm labor.
Rural farmers in developing countries have mucleloevels of income (and, as such, a higher
marginal utility of income) than farmers in the U.80 the negative income effect may be small enoug

that it is outweighed by the positive substitutedfect. Moreover, household preprogram participatio



5

off-farm labor markets may be inhibited by low inwes (and the absence of liquidity to finance th& sh
into the off-farm market) as well as poorly fundiiog land and credit markets (Bardhan and Udry9199
Hoff and Stiglitz, 1990). Since land rental markats frequently incomplete in rural China, most
households cannot leave agriculture entirely (Nglzerd Rozelle, 1999). Furthermore, rural farmers in
developing economies may be more likely to facé tiignsaction costs and fixed/variable costs that
prevent them from participating in off-farm labparticularly for activities involving new
self-employment or migration. To the extent thategament payments can relax the liquidity
constraints of rural farmers, incentive programy imap rural farmers obtain jobs off the farm and
facilitate the structural transformation of houdelsand the economies within which household
members live and work.

The literature suggests that this conjecture npgyyato rural China. A combination of high
transaction costs, weak information-sharing an@rotégulations has been shown to restrict farnmers i
rural China from starting self-employment entemgsisand seeking wage-earning jobs (deBrauw, 2002,
Knight and Song, 2005). Although comprehensive stigations of credit markets in rural China have
been rare, case studies suggest that, though famdahformal loans are available, borrowing rereain
severely constrained, especially for the resoum@-ptrata of the population (International Fund fo
Agricultural Development, 2001). Credit constrainéve been shown to affect factor allocation in the
production decisions of rural China’s household=d@, et al., 1990). Given these conditions, if the
Grain for Greenprogram can increase liquidity for farmers, thegpam may enable them to find jobs

off the farm and increase other productive acawsiti
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In the rest of the paper, Section 2 describestian for Greenprogram and the data used in
this study. Section 3 develops the household mibdelillustrates how a PES may affect a household’s
decisions about how to allocate land and laborsacdiferent activities when faced with a liquidity
constraint. Section 4 gives an overview of the waidmpirical approach and discusses the
identification strategy. Section 5 is devoted tinestion of the effect of ChinaGrain for Green
program on the off-farm-labor participation of ruineuseholds, and Section 6 provides estimatelseof t
effects of the program for various groups, dividihg sample according to levels of physical anddrum

capital endowment. Section 7 concludes and sumesatie results.

Il. The Grain for Green Program and Study Data

China’sGrain for GreerProgram

Starting in 1999 as a pilot program, theain for Greenprogram was implemented by China’s
government as a crop land set-aside program teaserforest cover and prevent soil erosion on
cultivated slope§. By 2010, the State Forest Administration plansdovert 15 million hectares of crop
land (approximately 10 percent of all of China'stivated area) (State Forestry Administration, 2003
Since the main objective of China’s program isestore the nation’s forests and grasslands to pteve
soil erosion, program designers have set slop@@®bthe main criteria by which plots are seledted
inclusion in theGrain for Greenprogram.

According to the program’s rules, each participgfiarmer receives three types of

compensation: in-kind grain, cash and free seeslligkind grain and cash compensation are givén ou



7
annually in response to the farm passing an inspedeedlings are provided only in the first y@dre
program is designed so that there are only twddesecompensation nationwide, which reflect inimere
differences in regional average yields. The comaems level is 1,500 kilograms per hectare per year
the Yellow River basin and 2,250 kilograms per Aexper year in the Yangtze River basin. In
cash-equivalent terms, the sum of the three typesmpensation given to farmers in the upper and
middle reaches of the Yellow River basin amount3,1&0 yuan per hectare during the first year of
conversion and 2,400 yuan per year per hecta@lowing years® For the upper reaches of the

Yangtze River, the program pays farmers 4,200 ygarhectare in the first year and 3,450 yuan par ye
per hectare thereafter.

While preventing soil erosion Grain for Greers primary objective, poverty alleviation is
another stated goal (State Forestry Administra@®®3). According to interviews that we have
conducted over the past several years, many lasa@rgments consider access to the natiGnan for
Greenprogram as an opportunity to promote transfornmatibtheir counties’ local economic structures.
A survey of investment projects between 1998 ariB20 2,459 sample villages across six provinces in
China showed that thH&rain for Greenprogram was the third most common project being@émented
after road, bridge and irrigation projects (Zhangleforthcoming).

The program can potentially affect household weddoth directly and indirectlyrain for
Greendirectly affects household incomes through thengaad cash compensation, which can be used
for other productive activities and for consumptiblow much compensation influences wealth depends

on the level of that compensation relative to asetwld’s opportunity cost. Previous studies of the
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Grain for Greenprogram have found that the compensation rateajlgiis larger than the value of the
crop yielded by the retired plots (i.e., the oppoitly cost of program participation) (Xu et al. 080
Uchida et al., 2004). The conservation set-aside program also can ittjirmduce structural change in
household wealth by reducing the demand for labociiltivating crops. How the freed-up labor time
gets reallocated critically depends on the othgsjgal resources possessed by the household, the
household’s stock of human capital and preferefarastility for leisure. Postprogram resource
allocation also is influenced by the nature of ladwad credit markets. In addition, the ultimate tose
which a participating family’s freed-up labor isa®cated can be expected to interact with the arhou
of physical capital available to the household nk&ns could invest the compensation that they receiv
into investments or activities that will aid themswitching from cultivating crops to other produet
activities, particularly off-farm endeavors. Thestassociated with migration—and with funding the
investment needed to start a family-owned businessibe high for households living in poor,
mountainous areas. Farmers also may use the coatment invest in higher-value crops and livestock
enterprises.
Data

We use a panel data set from household survetysvthdesigned and implemented in 2003 and
2005. The surveys were commissioned by China’'® $tatest Administration as part of its effort to
evaluate th&rain for Grainprogram at the end of its third year of implemé&ata This data set is
believed to be the only existing panel data sdtittdudes both participating and nonpatrticipating

households. The descriptive statistics for the\ayables discussed here are shown in Table 1.
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The 2003 household survey used a stratified sagglrategy designed to collect data on a
random sample of 359 households in the program &rean the three provinces (Sichuan, Shaanxi and
Gansu) that had been participatingdrain for Greensince 2000, we selected two counties from each
province and then randomly selected three towndhiyms each county. In each township, we randomly
selected two participating villages and randomlgsehten households from each village. The data
includes information on at least one program-pigudittng household for each village. Two of the 36
villages had only participating households. Theseyiin 2003 collected information on 2002 and 1999.
The survey in 2005 was nearly identical to theieawave and included 348 households. Of the 359
households surveyed in 2003, we were able to 2&6kof them in 2005, 230 of which were
participating households. Of the 230 household)@Ventered the program since 2003. The attrition
rate (from the survey) was 24 percent for househpédticipating in the program and 32 percent for
nonparticipating households. The households nduded in the 2005 survey were not systematically
different from households that were included irhbsirveys and were dropped from further anafifsis.

Among the program participants, there is variapititthe number of years that they
participated; the extent of their participation f@mms of absolute cultivated area and share of the
household’s cultivated area) varied widely acrbgssample (Figures 1 and 2). A third of the houl=ho
in the sample started to participate during thiéaihyear of the program (Figure 1). The shareaofll
that each household retired from cultivation aladad among participating households and ranged
from less than 5 percent of total cultivated laottings to 100 percent (Figure 2). When considering

program impacts, it is reasonable to expect theaeffect of the program will vary depending on how
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much of a farm is part of the program and how lthegland has been retired. Hereafter, we use these
two variables as measures of the intensity of @umgparticipation and as tools for identifying the
effects of the program.

Combining the 2003 and 2005 surveys provides mé&iion on nearly all of the same variables
for both before (in 1999) and after (in 2002 an@420dmplementation oGrain for Green Enumerators
collected information on each household’s produnctotivities on a plot-by-plot basis. The survesoal
collected detailed information on each househdtutal asset holdings, its demographic make-up and
other income-earning activities involving both @rrh and off-farm activities.

The study relies on information for 1999 that waBected in 2003, and we acknowledge the
potential for problems inherent in recall data,essglly regarding the preprogram period. Long-term
recall data are potentially inaccurate, although igsue continues to be debated in the literature.
Unfortunately, the Chinese government’s quick deniso implementGrain for Greenand lack of
transparency in the details of its implementaticecfuded interviews with potential participantste
program’s onset. We addressed concerns about easlthrough the design of the survey and careful
training and monitoring of the enumerators to easbat respondents gave their best recollectiqgrast
amounts and activities. We also endeavor to ddal tve recall bias by reestimating all of the asafy
using a sample of only 67 households—the 27 houdelhioat switched from nonparticipant to
participant status between the two surveys and@@onparticipating households. With this subsample

we can compare the changes in off-farm labor betv28®2 and 2005 to avoid having to rely on the
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recall data for 1999. If the results from the asaysing the subsample of households are consthin
results from the analysis using the full sampleyauld suggest that that recall bias is limited.
Off-farm labor allocation

By 2004, a large share of participating househatenbers has reallocated their time to
off-farm work (Figure 3). In the 2005 survey, enuaters asked each respondent what the participating
household did with the time that was freed up aftgriementation of the program. According to
tabulations of the data, the largest share of redpats replied that they had reallocated the tifne o
household members to off-farm work (32 percente $cond most frequent response was that
households had allocated more labor to their reimgicultivated land (29 percent). In addition,
respondents stated that they had invested thid fads®r time in leisure time (or time spent at herid
percent) and (in conjunction with the in-kind grammpensation) to increase the scope of theirtihoks
enterprises (9 percent).

Descriptive statistics from the household datanstbthat off-farm labor allocation was
increasing for both participating and nonpartidipgthouseholds (Figure 4, Panel A). From 1999
through 2004, individuals with off-farm jobs inceeal 13 percent for participating households and 8
percent for nonparticipating households. Becaustaoh employment is changing for both types of
households, it is clear that in order to evaluate/incingly the impact of the program on off-farator,
we need to control for the time effect and thushoasimply compare postprogram levels of off-farm
work between the two groups. Among the individubé had off-farm employment in 2002, we find

that 42 percent had jobs that were not local (inmglyhat they were part of the migrant labor foacel
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both lived and worked away from home). Forty petadnndividuals with off-farm employment had
local wage-earning jobs and 18 percent were sefilt@yad. The costs associated with migration and the
investment funds needed to start a family-ownedniess can be high. The high costs that would be
associated with shifting a family’s labor allocatifsvom on-farm to off-farm jobs (or between farm
enterprises) are why we assume that poor farmeydawa a liquidity constraint in the conceptual
model*

While there was a detectable increase in off-famployment participation for both program
participants and nonparticipants, the same cammetlul for on-farm work (Figure 4, Panel B).
Individuals who engaged in farming activities (&drleast some part of the year) increased by Gepérc
among nonparticipants but decreased by 4 percem@participants. The reason why on-farm labor
did not decrease as much as the increase in off dativities may be because off-farm jobs frequentl

did not provide full-time work and individuals catgiently returned to farm work periodically.

[1l. Conservation Set-Aside and Labor Allocation De&isions:

A Conceptual Framework

Given the interactions between factors that infaeehow a conservation set-aside program
affects a farmer’s time allocation, we construcbaceptual model to understand how land and labor
allocations are interlinked with liquidity and otheonstraints that a farmer might face. We extéred t

literature on off-farm labor allocation in a hous&hproduction framework by including liquidity and
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land constraints as well as the choice to allolzatd to the conservation set-aside program. Here we
provide a sketch of the model; the full model isa&ed in Appendix 1.

We consider a farm household that maximizes utityich is defined by consumption of
leisure and a composite consumption good. In maxnmiits utility, the household faces four
constraints: a time constraint, a land constraifiguidity constraint and a full income constraifirst,
the household’s time endowment is divided amongkimgron-farm, working off-farm in a
wage-earning activity and leisure. To work off taem, the household incurs variable transactioriscos
(e.g., transportation costs) and fixed transadatmsts (e.g., job-search costs or start-up costs for
family-owned business). Second, the householdd éardowment is divided among cultivated land that
can be used for agricultural production and theseoration set-aside program. The government
compensates the household for program participati@fixed rate per unit of land. We assume that t
land and labor required to produce the agricultgoald on-farm are complements. Third, the household
is endowed with a certain amount of liquidity. Erdagures on nonlabor input for farm production plus
the (variable) transaction costs that a houselamdd when it wants to participate in off-farm warlk
limited to the sum of the value of the householidgidity, which is the sum of its liquid assetgth
amount borrowed and the compensation from landeraént. Households may have to seek credit to
finance farm production or to work off-farm. If adisehold chooses to borrow an amdsinit incurs a
fixed transaction cost, representing time and nagetosts of the loan application and disbursement.

Finally, the full income constraint limits consunapt to income from off-farm labor, profits from
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production of agricultural commodities, compensafimm the set-aside program and liquid asset minus
any fixed transaction costs that are made wheicpgeating in off-farm labor and/or credit markets.

In this stylized model, th&rain for Greenprogram can affect labor allocation in three ways.
First, the program can relax the liquidity consttahrough its compensatiordA%®. When the liquidity
constraint is relaxed, the shadow value of liqyidia®, decreases. The household will allocate less
labor to farm production and more to off-farm aiti@s, ceteris paribugthrough thesubstitution effegt
Moreover, without a well-functioning land rental rket, allocating land to a conservation set-aside
program will reduce the land allocated to farm prcitbn. By assumption, labor and land are
complements, so decreasing the amount of landaa#ddo farm production also decreases on-farm
labor. As a consequence, households have freeidrepd allocate to either productive labor uses or
leisure (also theubstitution effeft Finally, if compensation from the set-aside pamg can relax the
liquidity constraint, the household may be ableitber afford the transaction costs associated with
obtaining credit and/or earn additional income tigto off-farm labor and on-farm activities, potehyia
garnering a higher income because of participatidhe program. If so, the household can allodate t
to leisure, which would reduce the time devotedriefarm and/or off-farm laboir{come effegt
Whether the net impact is positive is an empirgeadstion. In the following section, we will expldime
identification strategy to test these hypotheses.

Assuming that the income effect is small in them@gions where the program is implemented,

we derive the following hypotheses:
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Hypothesisl: If an agent’s liquidity constraint is relaxdddugh program payments, then an agent
allocates more time to off-farm labor and lessnefarm labor.
Hypothesi: The more liquidity-constrained a household’prisr to the program, the larger the effect

of program payments on off-farm labor.

IV. Identification Strategy
Based on the conceptual model and its assumptismseduced form of the off-farm
labor-supply equation for a liquidity-constraineslisehold is given by
L, = f (Agfg; pWwJd,K,BALI"r°r®, 7,7, 2)

£

where L° is off-farm labor,4°’“ is land allocated tGrain for Green »,w, @ are the output price,
wage and agricultural input prices, respectiveiy; is a compensation rate per area unit for the

conservation set-aside program; K and B are ligsgkts and the amount that was borrowed,

respectively;H-E are the household’s endowment of land and laBor;?" - 77 represent variable and

£

fixed transaction costs for off-farm work and beviog; and z- 2" . z° represent a household’s

consumption preferences, exogenous conditionsramrig productivity and a household’s human
capital.

If the Grain for Greenprogram were truly a randomized experiment in Whgarticipants were
randomly chosen from the targeted population, welevbave an ideal statistical basis on which we
could use postprogram data for participants angbadicipants to estimate

L =pu+aA™+¢
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and obtain an unbiased program impactaof However, the participants in ti&rain for Greenprogram
were not randomly chosen. In the absence of tarigomized experimental program, the coefficient
may be contaminated by other unobserved factotxthdd affect a household’s off-farm labor-supply
decisions. Simple comparisons of preprogram antppmgram outcomes for the participants also may
be biased due to temporal trends in off-farm laharkets and/or by the effects of events other than
Grain for Greenprogram that occurred between the two periods éfiedted each household’s off farm
employment). Systematic differences could ariseek@mple, because households were selected for the
program based on unmeasured household or villagmacteristics or because earning levels differed
among different segments of the labor markets iichvthe participating and nonparticipating
households function. In essence, these are all goemts of the selection bias that is inherent ta da
from nonrandomized programs.

The descriptive statistics underscore the biasddua arise if we estimate the program impact
by a simple regression that uses only data frorggaating households or only data from the
postprogram period. Although the number of parétimy households that reported off-farm work
increased between 1999 and 2004, off-farm employmades for nonparticipating households also
increased. One or more factors, such as deepehthg tocal off-farm labor markets in regions that
host theGrain for Greenprogram, could contribute to households shiftadgplr to the off-farm
employment market. Hence, to obtain the least Hiasémate of the impact of tii@rain for Green
program, we hold constant other observable andserghble time-variant and time-invariant effects as

much as possible.
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To address this concern, we use data from noopaating households to identify variations in
the outcome variables of interest (e.qg., off-faaimdr-market participation) that are due to factther
than theGrain for Greenprogram. The data from both participating and motigipating households are
used in a difference-in-differences (DID) estimataat analyzes these types of program effects with
these types of data. In fact, DID has been useghsitely in the labor economics literature to assles
employment effects of a number of different goveenirpolicies, including the impact on employment
of a raise in the minimum wage (Card and Krueg@®4) and the effects of temporary disability
benefits on the duration of time off from work afea injury (Meyer, et al., 1995 ).

In short, DID compares outcomes from a policy geon two groups—those affected by the
policy change (program participants) versus those are not (non-participants of the program -- Mgye
1995). Formally, DID can be shown by lettingand t' denote time periods after and before the
program, respectively. The DID estimate is given by

DID =[E(Y,| D=1)- E(Y. | D=1)]-[ E(Y | D= 0 E(Y | D= 0).
The idea is to correct the simple difference betwase outcome before the policy change and after for
the treatment group by comparing the before-aftange of treated units with the before-after change
of control units. By doing so, argpmmortrends that show up in the outcomes of the conindk and
of the treated units are differenced out (Smitl§40The estimator also can eliminate recall bias
inherent in a retrospective survey to the exteat tihe bias is the same for the two groups.

Use of the DID estimator, however, depends onrs¢key assumptions. The conventional DID

estimator requires that, in the absence of therprogaverage outcomes for participants and
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nonparticipants follow parallel trends over time.other words, it assumes that the coefficients
associated withy, (the preprogram outcome) and the covariates irfthe preprogram period) equal
one. This assumption may be implausible if unokeaespreprogram characteristics are thought to be
associated with the dynamics of the outcome vagiahtl the characteristics are different for
participating and nonparticipating groups. We atsmort DID estimates of the impact@fain for
Greenon off-farm employment (and other outcome varigpfer models that include the preprogram
outcome {) and other preprogram control variables (suchoaséhold size and total land holdings)
that can increase the probability that the paraiégid assumptions hold.

Employing DID allows us to control for a numbenvairiables in the reduced form of the
model? First, DID differences out all the time-invariargriables. We assume that the total land and
time endowment( A, E) , the variable and fixed transaction costs forip@etion in off-farm-labor and
credit markets(rv°,r°,r‘3) and the household characteristics that deterninswmption and
production (z°, z', 2’) are time-invariant> Next, DID zeroes out any time-variant variablesvithich
the two groups change in parallel (i.e., varialthed have common trends). We assume that changes in
input and output prices( P, W, a)) are common to all households, so these effectsaquteired.

After controlling for time-invariant factors andrftime-variant factors that have common
trends, we are left with time-varying observabld anobservable factors for the two groups thatcaffe
changes in off-farm labor participation and thatteynatically change along nonparallel trends. Among
them, we are able to control for the program corspgan rate(J), which varies over time. It equals

zero for all households in 1999 and has a posuabee only for participating households in 2004efkh
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are two rates of compensation set for the entingoga a higher level for samples in Sichuan Projnc
which is located in the Yangtze River basin, atholger one for households in Gansu and Shaanxi
Provinces, which are located in the Yellow RivesihaWe therefore include an interaction term
between a dummy variable for the Yangtze Riverrbestie and a year dummy variable for 2004.

Given the preceding considerations, we estimatethpirical model as

LGo)=u+obtme+sp(1)+aDlit) + oL, 0) +=(,1) )

wheret indicates time, which equals zero for the preprogperiod and one for the postprogram period.
The coefficienta (from the DID estimator) is the parameter of iattr Because we have both
household and individual data, we estimate equdfipat both the household and the individual level
Since errors in the equation that uses individa#h anay be correlated within households, we report
model results that account for clustered erroth@household level. We also extend the DID
framework to test whether the intensity of parttipn in the program influences the program efisct
replacing the treatment variablb(i,t) with measures of intensity.
Strategy to Estimate How Liquid Assets Affect tloggiam’s Impact on Off-Farm Labor

Two of our variables that can be used as meastifiegiidity (K,B) also depict different
trends between the participating and nonpartiangatiroups. Since we are specifically interested in
whether the program’s effect on labor allocatidifeds for households with different levels of ligity,
we turn now to the strategy for testing tHisldeally, if we could directly classify households$o those
that are liquidity-constrained and those that arte(@.g., Carter and Olinto, 2003), we could estarhe

program’s impact for each group and test whetheretlare statistically detectable differences betwee
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the two groups. Unfortunately, we do not have sigfit information on credit and loan application
history from the surveys to do this.

Consequently, we take two alternative approadiedirst calculate the preprogram value of
each household’s liquid asse(S). We assume that liquid assets include the valligedtock assets,
fixed productive assets and consumable durablegygbass loans and deposits. We then divide the
sample households into quartiles based on the wdiltieir total liquid assetQ,, j =[1,2,3,4] wherej
=1 is the group of households with the lowest tagzkeie. We then test whether the program effects
differ among the quartiles using the DID framewdileterogeneity in treatment effects can be studied

by including interactions betweeq, and the treatment dummy variable. Thus, we estirtiet

following equation:
.(2)

If a household’s liquidity constraint is indeedtgerelaxed by participation in tiigrain for Green
program, there will be a positive impact by thegsean on participation in the off-farm labor market
on earnings from agriculture). In the empirical raldve anticipate that households that had a lower
level of liquidity beforeGrain for Green(those households belonging to the lower two dgeajtwill
see a greater relaxing of their liquidity consttaumen they receive their compensation than houdsho
that had owned a set of liquid assets with a highkre (or those from the top two quatrtiles).

As a second alternative approach, we utilize @ delveloped by Zeldes (1989) to split the
households into liquidity-constrained and -uncaied groups. Specifically, Zeldes classifies

households into the liquidity-constrained groufhéir estimated non-housing wealth was less than tw
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months’ worth of income. We split our sample howsés$ using this criterion, estimate DID for each

group and test whether or not those estimategatistally significantly different between groups

V. Effect of the Grain for Green Program on Off-Farm Labor

Basic Difference-in-Differences Results

Point estimates from the DID model reveal that@nain for Greenprogram increased off-farm
labor participation and decreased on-farm labotigpation (Tables 3 through 6, column 1 in alllts).
Off-farm labor participation increased for both fp@pants and nonparticipants, but it increasedamor
for participating households. A household thatipgoates inGrain for Greenincreases its off-farm
labor by an average of 0.3 persons (Table 3, coll)nn Intuitively, the size of the estimate implies that
one adult in one out of every three householdspasicipate in the program enters the off-farm
employment market after the program is implemernitéds estimate is not statistically significant
10 percent level. At the individual level, howeveayticipating in the program increases the likeadith
of an individual person working off-farm by 15 pent, an estimate that is statistically significanthe
5 percent level (Table 5, column 1).

Similarly, participation in th&rain for Greenprogram decreases the number of adults working
on-farm (Table 4, column 1). The program decreasetcipation in on-farm work by an average of
0.43 persons and this estimate is statisticallgiBagant at the 5 percent level. Intuitively, tiigeans that

an adult in nearly one out of two participating seliolds stops working on-farm. In the model thasus
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individual data, participation in the program dexes the likelihood of an individual working on#far
by 13 percent, although the point estimate is mgtificcant (Table 6, column 1).

For those that expect th@tain for Greenwill help to promote off-farm employment, the
results of the basic regression are somewhat eagimg. The signs of the basic DID estimates suggest
thatGrain for Greenis promoting structural change, although the loatios on some of the estimates
suggest weak confidence in the results. In additive nature of the results differs for estimakes tise
household-level data and those that use indivithwl data.

Effect of Program Intensity

While the positive results from the program-papetion models are relatively weak, the results
for estimates of the effect of program intensity somewhat stronger. To exploit the variation in
treatment intensity across households, the DIDegyacan be generalized. Consider the difference
between average off-farm labor participation®yain for Greenparticipants versus nonparticipants. If
devoting more land to the program led to an in@easvailable labor time or an increase in liguyidi
that households could use to find off-farm jobsg, difference in off-farm labor could be positively
related to the area of land retired by each houdembis suggests the following regression:

L) =u+obtme+ 00 1)+ aP(Lt) + o0, (0) + (. 1)
where P(i,t) denotes the intensity of the program for obseovatin yeart. P(i,t) is zero for all
observations in year 1999 and positive only fotipgmants in year 2004. As before, all specificatio
control for the interaction term for the Yangtze/&ibasin dummy variable times the year 2004 dummy

variable and for household size and total landihgkl In the model, we include (1) the ratio ofgmam
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area to total land holdings, (2) the number of géaithe program, and (3) an interaction term betwe
the ratio of retired to total land area and theatlan of the program.

The results in most specifications of the modeéed that greater intensity of program
participation increases off-farm labor participati@able 3, columns 2—6). Specifically, a largeireel
land area and a higher ratio of retired land taltobldings lead to an increase in off-farm labor
participation. The results imply that a househadhposed of five adults that retires an additior@airl
of its cultivated land to th&rain for Greenprogram will increase off-farm work by 0.5 pers¢@91x
10 x 5) (column 2). Likewise, when a household of fadeilts allocates 40 percent more of its cultivated
area to the program, the household will increat#aofm work by 0.5 persons (0.2840.4 x 5—column
3). In the sample, the average number of adulthpesehold is four. Duration in the program, bglits
is not associated with greater off-farm labor ggration (column 4), but when the program area and
duration are jointly considered, the longer a hbof#has been in the program, the greater its asa®
in off-farm labor participation (columns 5-6).

At the individual level, only the ratio of prograanea to total land holdings is associated with a
greater propensity to work off-farm (Table 5, cohs®—-6). These results suggest that a househald (th
the individual belongs to) retires all of its culited land will increase the likelihood of an adnémber
working off-farm by nearly 10 percent (column 3).

Interestingly, we find that program intensity neastfor changes in off-farm labor participation
but not for changes in work on the farm regardtdsshether the data is at the household or indiaidu

level (Tables 4 and 6, columns 2-6). This resuly adriven by the binary nature of the measure of
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off-farm work; with a binary variable, we cannoptare changes in time spent on-farm (measured in
days or hours). Since most households (and indasjun the sample continue to farm while
participating in the program (even when they gealgobs off-farm), we find no statistical effedt o
participation inGrain for Greenon on-farm labor.

Assessing Selection Bias

Since we are concerned that the preprogram vasdbl 1999 may suffer from recall bias, we
repeat all of the preceding analyses on the smallaset of households (n = 27) that changed status
from nonparticipant to participant between 2002 20@4. In that analysis, we use the same 40
nonparticipating households as the control grouiph ¥is subset, while the sample is smaller, thead
are true panel data and are not subject to ercggdalrecall.

Overall, the findings from the smaller subset@mesistent with those from the full sample
(Appendix Tables 1 and 2). The Appendix tables pl®the results of the program’s effect on off-farm
labor participation at the individual level. TheDéstimates for the subset are slightly larger tihan
estimates for the full sample. This consistencyeh samples suggests that recall bias in 1999 was
limited and/or that the DID approach controlled ibtas that existed in both groups.

Discussion

In summary, the DID estimates of the binary inthcgor program participation and the
variables for program intensity suggest that@nain for Greenprogram led to something between a
small and moderate increase in off-farm work ampaugicipating households. This finding is in sharp

contrast to two prior studies of tiBrain for Greenprogram that found no effect on off-farm labor
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participation or on income from off-farm work (Xet al., 2005; Uchida, et al., 2005). Furthermore,
since both of those studies used household suthiaysollected information on labor-allocation
decisions only for the first three years of thegoamn, it may have been too soon for changes to be
detected. In this study, we use data collectedyeas's after the program began, which may have
allowed sufficient time for participating househ®ld begin to find off-farm employment in numbers
that are statistically detectable.

The positive impact of the program on off-farmdahblso is in stark contrast to findings from
studies of the impact of government farm paymeagm@ams in the U.S. Previous U.S. studies of
government payments to farmers, including the Cwasen Reserve Program, have consistently found
that government payments negatively affect houskbibifarm employment participation (e.g., Ahearn,
et al., 2005). The results in China may move indpposite direction for several reasons. The higher
level of income of U.S. farmers compared to whayjpécal for farmers in th&rain for Greenprogram
in China probably is the most likely reason whynfars in the U.S. do not choose to work off-farm
when offered a government payment (i.e., the wesdfédtt dominates). In short, tircome effecof
leisure may dominate for richer U.S. farmers wiiilesubstitute effeahay dominate for poor farmers
in China. We also believe that the divergent progedfects stem from underlying conditions in th@tw
labor and credit markets. Although labor and crewditkets exist in rural China, transaction costg ma
be high enough that households face much largesti@nts in accessing them. According to our result

it appears thabrain for Greenis helping to alleviate the liquidity constraints.
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VI. Heterogeneous Program Effect on Off-Farm Labor
In the previous section, we found—with at leashsalegree of confidence—that Geain for
Greenprogram has led to an increase in off-farm lakatipipation. The DID estimates, however, do
not allow us to understaritbwthe program affects off-farm labor or which tymégarmers are
participating. In fact, we are interested in untirding how these changes occur. In particulagdas
the stylized conceptual model, we want to undedstha role of two factors when households make
off-farm labor-participation decisions: physicap@tal and human capital. In this section, we test
whether the program has heterogeneous effectsf-darof labor that depend on the availability of
physical and human capital to the households béf@@rogram. To do so, we estimate equation (2).
Liquidity Constraint
We find that the effect of the program on off-faiabor is clearly larger for households that had

less liquid assets prior to the program (TableoWyrons 1 and 3). For households belonging to the
guartile of households with the lowest level ofessthe program increased off-farm work by an
average of 0.52 persons (column 1). Intuitivelis theans that one adult member in one out of every
two liquidity-constrained participating househoklarted to work off-farm after joininGrain for Green
In contrast, although the program had a positifecebn off-farm employment decisions by less
liquidity-constrained household in the other thgeartiles, the estimated coefficients are mostly
statistically insignificant. Estimates of the caa#nts at the individual level are consistent ahdw
even stronger results compared to the househotdiedings (column 3). The program increased the

probability of a household member starting an affif job by 20 percent for households in the two
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lowest quartiles, while the effect was statistigatisignificant for individuals in the higher twaartiles.
In contrast, estimates for on-farm work suggedt loaseholds and individuals in the lowest-asset
guartiles moved away from on-farm work (columns@ 4). The magnitude of the coefficient gets
steadily smaller as the level of assets in thetdeaategories gets higher (although the increaset
linear).

We found consistent results when we split the Bbakls using Zeldes’ rule into
liquidity-constrained and -unconstrained groups espared the DID estimates. The DID estimates for
the constrained group was positive and statisyicadjnificant both at the household and individual
levels. The DID estimates for the unconstrainedigneere insignificant®

In sum, the findings reveal that the less liqyidionstrained a household is prior to the
program the more positive the impact of Gain for Greenprogram is on its off-farm employment
participation. One way of interpreting this regslthat participation ifGrain for Greenrelaxes a
household’s liquidity constraint and that it gasegsources the household can use to participate in
off-farm work. Thus, the more constrained the hbots the larger is the program'’s impact on offafar
work.

Human Capital

We also are interested in understanding how husapital can influence the program’s effects
among households. Age and education are two funat@mhadicators of human capital that affect the
ability of individuals to find off-farm work. Higheeducation is expected to result in greater reward

from off-farm labor (Becker, 1993). Education hexelefined as the number of completed years of
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schooling and is assumed to capture the skillgnifigidual may bring to a given job in the off-farm
labor market. Previous studies have also showmtigration (which is included in this study’s o#i¥in
labor supply) is influenced inversely by age; oldeople are less likely to migrate since they Hass
time to pay back the investment (Lanzona, 1998hénconceptual model, education and age are
included inz°, one of the factors that is assumed to help deterthia off-farm labor supply. To test
whether the program’s effect on off-farm laborriiuenced by the households’ access to human ¢apita
we again divide the sample into quartiles basedromitial level of education and on age cohorts.

The results show that levels of human capitaleims of both age and of education, impact
how the program affects off-farm labor (Table Bje estimates imply that adult family members who
are younger are more likely to shift to the offrfalabor market after the onset®fain for Greenthan
are older ones. For example, for adults in the geghquartile, the program increased the probwglufit
off-farm labor participation by 37 percent; for thielest quartileGrain for Greendecreased off-farm
employment by 13 percent (columns 3 and 4). Ttgsltés convincing considering that the types of
off-farm jobs that are first available to ruralrfars are physically demanding (jobs such as cartgiru
work) and naturally favor young adults.

Perhaps more importantly, the results show@rain for Greendid not have a positive effect
on off-farm employment for adults who had only lied education prior to the program (columns 1 and
2). If the individual was in the lowest quartile ®ducation, participation in the program did noarge
the likelihood of that person gaining an off-farabj and the likelihood of finding off-farm employnte

increases as educational attainment increasesrédsufi suggests that the program may not be able t
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induce structural change in income-generating gietsvif participants do not have adequate edunatio
for off-farm work. These findings add yet anothexge of empirical evidence suggesting that Chifh wi
have to expand its investment in education to aehits goals.

In the 2005 survey, we asked participating househm@mbers what they would do if the
government stopped payments after five to eightsyééigure 5). More than 20 percent of the
respondents wanted to find work off the farm. Bylare unable to do so without a certain level of

education, they are at risk for being trapped ingpty when program compensation ceases.

VIII. Conclusion

In our study, we consistently find that, on avexafeGrain for Greenprogram has a positive
(although only moderately strong) effect on offrfielabor participation. In other words, householus t
participate in the program are increasingly shiftineir labor endowment from on-farm work to the
off-farm labor market. This shift occurs not ontyabsolute terms but is statistically significarten
compared to similar shifts in nonparticipating hetuglds. In terms of program intensity, we find that
program impacts increase as the ratio of a houdstretired plots to total land holdings grows. $ae
findings are different from those of previous saglihat evaluate@rain for Green The results also
indicate that households with less liquid assetswaore affected (positively) by the program. Tleisuit
supports the view that the compensation paiGkain for Greenfor setting aside cultivated land may
be relaxing the liquidity constraint for participag households, allowing participants to more rigadi

move into the off-farm employment sector (relativenonparticipants).
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The positive impact of conservation payments d+fas labor in China contrasts with
findings in the U.S., where studies have typictdiynd that government payments to farnsegsrease
off-farm labor participation. Although we could rdtitectly determine the reasons why this is sodide
observe an opposing effect, the sensitivity of@nain for Greenprogram impact to the level of the
household’s physical and human capital indicatasttiere may be more impediments to participating i
off-farm labor in rural China than there are in th&. Therefore, in terms of policy impact for Céjinif
policymakers want to achieve a win-win outcome fittvaGrain for Greenprogram by meeting both
environmental and development goals, they may tepdovide additional support to vulnerable

populations through job training programs or otimeans.
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Endnotes

t The program was officially implemented in 2000 0Pprojects for the program got under way in 1999
in selected provinces. Tli&rain for Greenprogram is also known as the Sloped Land Conversio
Program.

> Most close observers believe, however, that Gi@iiGieen has been “quasi voluntary.” Although
households officially can choose whether or nqiddicipate, some households with land fitting the
slope criterion reported being “strongly encourddedatrticipate. In fact, Xu et al. (2005) fouritht

on 53ly percent of participating households inrtlsaimple believed that their participation was not
mandatory and only 30 percent had the autonomizaose which plots to retire. If households are
coerced into an unattractive program, do not haeghysical and human capital necessary to swatch t
alternative income-generating activities and arepeomitted to return the land to cultivation aftiee

program ends, it is possible such households deeildapped in poverty.

% Both grain and cash compensations are provideeidiit years if ecological forests are planted, for
five years for planting of economic forests, andtiwo years for planting of grasses State Forestry
Administration (2003) Master Plan for the Slopingnd Conversion Program.. To account for the
difference in regional average yields, annual gcampensation was set at 2,250 kilograms per heectar
in the Yangtze River basin and 1,500 kilogramshgetare in the Yellow River basin. The cash

component is 300 yuan per hectare of eligible laexdyear.

* The study by Groom et al. (2006) used a housesnieey implemented in 2004 and collected 1999

preprogram data on a recall basis.

> Ahearn et al. (2005) argue that the expected itmpiagovernment payments on off-farm labor
participation depends on whether the payment iswf@ed (producers are not required to produce
specific commodities to receive a subsidy) or tfat.is a decoupled payment, it is like nonlabor
income; a traditional labor-leisure model woulddgice that an increase in nonlabor income would
unambiguously decrease off-farm labor. If, howettss,payment is coupled to the commodity grown,

the compensation then is like an increase in wabeh would have an income and a substitution éffec
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that, combined, would have an ambiguous effecabor
® For an excellent overview of ti@rain for Greenprogram, see Xu et al. (2005).

’ But, due to recent controversies over fiscal presss hikes in grain prices, and delivery of progra
compensation, the government scaled back expanibie program in 2005 and is discussing how to

reduce the extent of the program overall (Xu, £t24106).

8 The annual average official exchange rate in 2084 8.28 Chinese yuan to one U.S. dollar. The
purchasing-power parity conversion factor in 20@W.9 yuan to the dollar World Barworld
Development IndicatordVashington, DC: The World Bank, 2003..

® For example, Xu et al. (2006) found that the vaifipreprogram production for more than 70 percent
of participating households was less valuable tharcompensation rate. Furthermore, the level of
compensation is not trivial relative to the earsiod the typical participating household in thedstu
region. For example, if an average household ihu&in Province (Yangtze River basin) received full
compensation, it would receive 340 yuan per capiteamount equal to 24 percent of the average
household’s preprogram total per capita incomeQ®@9l(Uchida et al., 2005).

19 Because some households could not be includétig@05 survey, 78 new households were added
in 2005. We found, however, that the newly sampledseholds had systematically different household
characteristics for some variables, such as holgdsire and land holdings. In addition, preprogram
data for 1999 that was collected in 2005 from thaitional households would likely suffer from

recall bias. Consequently, we excluded these haldefrom our analysis.

1t Unfortunately, we did not have a variable thatidgtished between types of off-farm work in the
2005 survey, and thus we relied on the binary b&githat indicated whether an individual member had
an off-farm job or not. For 2002 and 2004, howewes,do have information regarding the intensity of
off-farm work (Table 2). We find that between thése years the average hours worked per day and the
number of days per year increased for participhntsnot for nonparticipants. Earnings from off-farm
work and remittances increased for both groups tbat differences between the two groups in a

particular year are not statistically significaite survey did not ask for information on labor rsou
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invested before the program (in 1999) out of comder measurement error. Consequently, we hereafter
leave behind analysis of the program’s impact @nitieensive margin (differences in number of hours
worked) and focus on the extensive margin (whethere was a shift of a family member from the

on-farm to the off-farm sector).

12 While DID allows us to control for unobserved farst, a disadvantage of this type of reduced-form
approach is that | cannot estimate other interggiarameters such as price elasticities. The main
objective of this study is to evaluate the impddhe Grain for Greenprogram so | chose to take the

DID approach. In addition, this method avoids esriarmeasurement errors of wage and other prices.

13 The household data set includes household sizéogaidand holdings for 1999 and 2004. Changes
in these two variables are observed in only a feuskholds in the sample so including changes setho

variables when estimating DID does not make a Bagmit difference.

4 The reliability of the DID estimator lies in theentification assumption that there are no omitted
time-varying effects that are correlated with thegopam. For example, the identification assumption
might be violated if other local governmental pieorgs existed that both affected labor allocation and
were correlated with participation in tl&ain for Greenprogram. Unfortunately, | did not have
information to control for other governmental prages and thus had to interpret all results with this
caveat in mind.

5 The term “persons” is loosely used here. The dé@ervariable is the head count of household
members with off-farm labor work. Since a househ&mber with any number of hours of off-farm

work is counted as one person, “persons” cannaoefiaed by hours or full-time equivalents (FTES).

* The number of participating households that wegeidiity-constrained and -unconstrained were 170
and 55, respectively, and for non-participatingseholds 32 and 8. The DID estimates for liquidity
-constrained and -unconstrained households wefi {t41.96) and -0.260 (t=0.70), respectively. Ad t
individual level, the estimates were 0.132 (t=2.a8) -0.013 (t=0.14), respectively.
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Table 1. Descriptive statistics of participating ad nonparticipating households.

Participants (as of 2005) Nonparticipants

Samples in Panel Data

No. of households in sample — 1999 0 270
No. of households in sample — 2002 201 69
No. of households in sample — 2004 230 40
No. of individuals in sample — 1999 0 1,010
No. of individuals in sample — 2002 768 242
No. of individuals in sample — 2004 935 155
Program Characteristics — 2004
Number of years in program (years) 4.5 n.a.
Program area (mu) 9.3 n.a.
Ratio of program area to total land 48.7 n.a.

holdings (%)
Household Characteristics — 2002

Schooling of household head 4.8 4.7
(years)

Age of household head (years) 47 48
Total land holdings (mu) 13.7 10.0
Number of household members 3.8 3.6
over age 15 (persons)

Average age of household members 39 41
over age 15 (years)

Average educational attainment of 4.7 4.4

household members over
age 15 (years)

Asset Holdings per Capita (1999)

Livestock assets (yuan) 88 113
Consumer durables (yuan) 461 481
Fixed productive assets (yuan) 231 147
Loans, productive (yuan) 35 25

Loans, consumption (yuan) 459 192
Bank savings (yuan) 42 14

Total asset value (yuan) 1,338 972

Note: Zero values were included when calculatirggrtteans for asset holdings per capita.
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Table 2. Descriptive statistics of labor allocatiorfor participants and nonparticipants.

Participants (as of 2005) Nonpatrticipants
1999 2004 1999 2004
Percent of individuals with 23.9 32.4 28.2 30.8
off-farm work
Percent of individuals with 69.1 67.4 69.4 76.7
farm work
Household members with 0.72 1.24 0.93 1.15
off-farm work (persons)
Household members 2.59 2.59 2.53 2.90
working on-farm (persons)
2002 2004 2002 2004
If the individual has
off-farm work:
hours per day 9.2 9.6* 9.4 9.0*
days per year 171 188 196 164
months per year 6.7* 7.0 7.6* 6.3
annual earnings (yuan) 3,313* 4,305 4,339* 5,736
annual remittances (yuan) 1,936* 2,362 2,812* 3,18

Note: * indicates that the average for participaars nonparticipants for the given year are
statistically significantly different.
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Table 3. Impact of Grain for Green on household decisions regarding off-farm labor fo

1999 and 2004.

Dependent Variable: number of household members with off-farm work

treatment x year2004

program area x year2004

Ratio of program area to
total land holdings x
year2004

Number of years in program
X year2004

program area X number of
years in program x year2004
Ratio of program area to
total land x number of years
in program x year2004

Yangtze Dummy x year2004
treatment

year2004

household size

total land holdings
household members with
off-farm work in 1999
(persons)

Constant

Observations

R-square

(1)
0.307
(1.62)

0.121
(1.17)
-0.113
(0.84)
0.180
(0.99)
0.125
(6.09)***
-0.001
(0.29)
0.589
(13.62)%*

-0.192
(1.23)
534
0.39

@

0.010
(2.22)*

0.159
(1.51)
0.020
(0.20)
0.357

(4.29)%*
0.123

(6.03)%**

~0.005
(1.15)
0.596

(13.78)%+

-0.258
(1.88)
534
0.39

®)

0.284
(2.55)**

0.152
(1.47)
-0.011
(0.11)
0.317
(3.58)%**
0.126
(6.18)***
~0.003
(0.87)
0.599
(13.85)*

-0.265
(1.96)*
534
0.39

(4)

0.040
(1.54)

0.115
(1.13)
-0.044
(0.40)
0.293
(2.35)**
0.124
(6.05)***
-0.002
(0.42)
0.588

(13.61)%+

-0.240
(1.67)*
534
0.39

(%)

0.002
(2.40)*

0.158
(1.51)
0.022
(0.23)
0.360

(4.44)
0.123

(5.99)%**

-0.005
(1.20)
0.597

(13.81)%+

-0.255
(1.86)*
534
0.39

(6)

0.056
(2.93)%*

0.155
(1.51)
~0.008
(0.08)
0.317
(3.74)*
0.125
(6.14)*
-0.004
(0.97)
0.601
(13.92)*
-
~0.259
(1.92)*
534
0.40

Absolute value of t-statistics in parentheses.

* significant at 10 percent level; ** at 5 percent level; *** at 1 percent level
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Table 4. Impact of Grain for Green on household decisions on farm labor for 1999 and

2004.

Dependent Variable:

number of household members working on-farm

treatment x year2004

program area x year2004

ratio of program area to total

land holdings x year2004

number of years in program x

year2004

program area X number of

years in program x year2004

ratio of program area to total

land x number of years in

program x year2004

treatment

year 2004 dummy

year 2004 x Yangtze basin

household size

total land holdings

household members

Constant

Observations

R-square

(1)
-0.430
(2.10)*

-0.007
(0.05)
0.479

(2.45)*

-0.178
(1.60)
0.090

(3.73)***
0.000
(0.08)
0.682
0.384

(2.24)*

534
0.55

@)

~0.002
(0.35)

-0.216
(2.06)*
0.118
(1.30)
-0.163
(1.42)
0.090
(3.74yr**
0.001
(0.22)
0.681
0.554
(3.66)***
534
0.55

@)

-0.152
(1.26)

-0.192
(1.80)*
0.173
(1.79)*
~0.180
(1.59)
0.089
(3.68)***
0.002
(0.38)
0.681
0.533
(3.55)***
534
0.55

4)

-0.023
(0.83)

-0.170
(1.42)
0.194
(1.43)

~0.160
(1.44)
0.091

(3.75)***
0.001
(0.16)
0.682
0.518

(3.27)**

534
0.55

®)

-0.001
(0.69)

~0.214
(2.04)**
0.130
(1.47)
-0.170
(1.50)
0.091
(3.76)*
0.002
(0.35)
0.681
0.544
(3.59)**
534
0.55

(6)

-0.031
(1.51)

-0.192
(1.82)*
0.176
(1.90)*
-0.183
(1.63)
0.089
(3.70)***
0.002
(0.45)
0.682
0.528
(3.52)*+*
534
0.55

Absolute value of t-statistics in parentheses.

* significant at 10 percent level; ** at 5 percent level; *** at 1 percent level
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Table 5. Impact of Grain for Green on individual off-farm labor decisions for 1999 aml

2004.

Dependent Variable: 1=0Off-farm work, 0=No off-farm work

treatment x year2004

program area x
year2004

ratio of program area to
total land holdings x
year2004

number of years in
program x year2004
program area x number
of years in program x
year2004

ratio of program area to
total land x number of
years in program x
year2004

year 2004

dummy

year 2004 x Yangtze

basin

household size

total land holdings

individual had off-farm

work in 1999 (1,0)

Observations

1)
0.148
(2.04)**

0.066
(0.98)
0.043

(1.09)
0.013
(1.89)*
~0.001
(0.60)
0.743
(25.03)***
1,955

2

0.002
(1.48)

0.170
(5.39)**
0.049

(1.20)
0.012
(1.70)*
~0.002
(1.40)
0.743

(25.32)*+
1,955

®)

0.086
(2.19)*

0.150
(4.39)**
0.053

(1.27)
0.013
(1.79)*
-0.002
(1.34)
0.745

(25.48)*+
1,955

(4)

0.010
(0.98)

0.152
(3.03)***
0.038

(0.95)
0.012
(1.84)*
-0.001
(0.76)
0.742
(25.11)%*
1,955

(%)

0.000
(1.52)

0.172
(5.62)***
0.049

(1.19)
0.012
(1.68)*
-0.002
(1.41)
0.744

(25.34)**
1,955

(6)

0.015
(2.32)**

0.153
(4.72)
0.052

(1.27)
0.012
(1.73)
-0.002
(1.42)
0.745
(25.51 )%+
1,955

Robust z-statistics in parentheses

* significant at 10 percent level; ** at 5 percent level; *** at 1 percent level
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Table 6. Impact of Grain for Green on individual farm labor decisions for 1999 and 204.

Dependent Variable: 1=Individual work on-farm, O=does not work on-farm

@ 2 3 4 ®) (6)
treatment x year2004 -0.125
(1.55)
program area x year2004 0.001
(0.51)
ratio of program area to 0.015
total land holdings x (0.28)
year2004
number of years in -0.007
program x year2004 (0.49)
program area x number 0.000
of years in program x (0.19)
year2004
ratio of program area to 0.001
total land x number of (0.06)
years in program X
year2004
treatment 0.008 —0.058 —-0.059 —-0.042 —-0.057 —-0.057
(0.34) (1.63) (1.65)* (1.05) (1.60) (1.59)
year 2004 dummy 0.105 -0.013 -0.010 0.024 —0.006 -0.004
(1.37) (0.34) (0.24) (0.40) (0.16) (0.10)
year 2004 x —0.046 -0.031 -0.035 —-0.040 —-0.036 -0.037
Yangtze basin (0.80) (0.54) (0.61) (0.71) (0.62) (0.66)
household size —-0.015 —-0.015 —-0.015 —-0.015 —-0.015 —-0.015
(2.02)* (2.04)* (2.02)* (2.01)** (2.03)** (2.03)*
total land holdings —0.000 —0.000 —-0.000 0.000 —0.000 —0.000
(0.04) (0.34) (0.13) (0.05) (0.13) (0.04)
individual worked 0.728 0.728 0.727 0.727 0.727 0.727
on farm in 1999 (28.20)**  (28.59)*  (28.63)***  (28.32)*  (28.51)***  (28.56)***
Observations 1,957 1,957 1,957 1,957 1,957 1,957

Robust z-statistics in parentheses

* significant at 10 percent level; ** at 5 percent level; *** at 1 percent level

Note: The reported coefficients are marginal effeaft a probit model. Robust z-statistics are caled
based on the clustered standard error at the holasketvel
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Table 7. Program impact on off-farm and farm jobs,treatment indicator interacted with
guartile dummies of asset holdings, 1999 and 2004.

Household Individual
(1) off-farm (2) farm (3) off-farm (4) farm
poorest in asset value in 1999 0.515 -0.431 0.198 -0.164
(dummy) x treatment x year2004 (2.54)** (1.93)* (2.49)** (2.97)*
second poorest in asset value in 1999 0.331 -0.341 0.197 -0.082
(dummy) x treatment x year2004 (1.64) (1.54) (2.49)* (2.03)
second richest in asset value in 1999 0.197 -0.521 0.115 —-0.115
(dummy) x treatment x year2004 (0.96) (2.32)* (1.50) (1.39)
Richest in asset value in 1999 0.091 —-0.399 0.105 -0.161
(dummy) x treatment x year2004 (0.45) (2.79)* (1.39) (1.93)*
treatment -0.107 —-0.003 -0.041 0.012
(0.82) (0.02) (0.78) (0.23)
year 2004 dummy 0.163 0.492 0.062 0.106
(0.93) (2.55)* (1.04) (1.62)
year 2004 * Yangtze basin 0.156 —-0.205 0.052 —-0.048
(1.55) (1.86)* (1.66)* (1.32)
household size 0.109 0.097 0.011 —-0.013
(5.34)*+ (4.03)x** (1.77)* (2.03)*
total land holdings —-0.000 —-0.000 —-0.000 -0.000
(0.02) (0.09) (0.39) (0.40)
household members with off-farm 0.608 0.746
work in 1999 (14.36)* (25.89)***
household members working on-farm 0.687 0.730
in 1999 (20.84)** (29.00)***
Constant -0.142 0.343
(0.93) (2.01)*
Observations 528 528 1,928 1,930
R-square 0.41 0.56

Absolute value of t-statistics in parentheses in models (1) and (2); z-statistics in (3) and (4).

* significant at 10 percent level; ** at 5 percent level; *** at 1 percent level

Notes: In models (1) and (2), the dependent vassabire the number of household members with (1)
off-farm work or (2) farm work. In models (3) and)(the dependent variables are 1 = individual (Bas
off-farm work or (4) farm work and 0 = not. Colum(® and (4) report the marginal effects of a probi
model and the standard errors are clustered &tdihgehold level.
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Table 8. Program impact on off-farm and farm jobs,treatment indicator interacted with
guartile dummies of education and age, 1999 and 240

Education Age
(1) off-farm (2) farm (3) off-farm (4) farm
least education (dummy) x 0.026 -0.170
treatment x year2004 (0.36) (2.08)**
second least education (dummy) 0.147 —-0.085
X treatment x year2004 (2.00)** (1.09)
second most education 0.235 -0.117
(dummy) x treatment x year2004 (3.03)*** (1.48)
most education (dummy) x 0.216 —-0.061
treatment x year2004 (2.54)* (0.71)
youngest age group (dummy) x 0.374 —-0.095
treatment x year2004 (4.46)*** (1.20)
second youngest age group 0.189 —0.096
(dummy) x treatment x year2004 (2.46)* (1.19)
second oldest age group 0.153 —-0.082
(dummy) x treatment x year2004 (2.01)* (0.99)
oldest age group (dummy) x -0.134 —-0.266
treatment x year2004 (2.32)* (3.03)***
age in 2002 —0.006 —0.000
(7.40)*** (0.01)
education in 2002 0.013 —0.006
(4.22)%= (1.92)*
treatment -0.044 0.002 -0.037 0.012
(0.88) (0.04) (0.74) (0.22)
year 2004 dummy 0.050 0.096 0.032 0.107
(0.88) (1.50) (0.57) (1.64)
year 2004 * Yangtze basin 0.062 —-0.052 0.092 —-0.049
(1.96)* (1.44) (2.78)*** (1.36)
household size 0.010 -0.012 0.012 —-0.011
(1.70)* (1.85)* (2.00)** (1.75)*
total land holdings —-0.001 —0.000 -0.001 —0.000
(0.89) (0.22) (0.87) (0.32)
individual had (1)(2) off-farm work 0.733 0.733 0.736 0.723
(3)(4) on-farm work in 1999 (1,0) (24.87)** (28.13)** (24.66)*** (27.11)***
Observations 1,928 1,930 1,924 1,926

Absolute value of z-statistics in parentheses.
* significant at 10 percent level; ** at 5 percent; *** at 1 percent level
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Notes: n = 230. Households started retiring culéiidand at the end of the harvest season, so
those who said that they participated in 1999 dgtuetired the land for 2000.

Data: Author’s survey, 2003 and 2005.

Figure 1. Number of participating households by stding year.
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Figure 2. Histogram of ratio of accumulatedGrain for Green program area to total
household land holdings.
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guestion “What do you do with the freed-up on-fdafor time after participating in th@rain

for Greenprogram?”

Data source: Author’s survey, 2005.

Figure 3. Time reallocation choices after participéing in the Grain for Green program.



35% :
32@?9%
30% | ]
26.3% 8
v L 2y.3%
25% 192 0% 2%%’%2% ]

20 [ NPE* N\

Non—Participants
[ Participants

15%

10% N

5% |

0%
1999 2000 2001 2002 2004

Panel A

90%

80% TT%

B 0,
7183% 72%72% 72%7 14, 2% 0. N
S 5 O 5 3

70% R

oo |

50% [ Non—Participants

B Participants

40% [ R

30% |

20% |\

10%

0%
1999 2000 2001 2002 2004

Panel B
Notes: n = 270.
Data: Author’s survey, 2003 and 2005.

Figure 4. Proportion of individuals who engaged iroff-farm activities (Panel A) and

farm activities (Panel B) for participants and nongrticipants in Grain for Green.
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Data source: Author’s survey, 2005.

Figure 5. What participants are likely to do if thegovernment stops compensation in the
future.
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Appendix 1. Household model with liquidity, labor,land and full income
constraints and derivation of its first-order condiions.
We consider a farm household that maximizes utiyich is defined by consumption of
leisure (L") and a composite consumption go¢d) and is conditional on household
characteristics that define consumption preferen@s. The household derives income by
working off-farm in a wage-earning activity, produg agricultural goods on-farm and
receiving compensation for participating in the fenvation set-aside. Each household is
endowed with a fixed amount of timgL ), that it can allocate to on-farm activitg"),
off-farm work (L°), or leisure (L) . For work off the farm, the household incurs Viaiéa
transaction costs7 (e.g., transportation costs), and fixed transadtiusts, 7° (e.g.,
job-search costs or start-up costs for a family-eadvhusiness). Participation in off-farm
employment is a function of the individual’'s hun@apital, z°, which includes
characteristics such as level of education.

The household also is endowed with a total holdifignd, A. The household can
allocate land to the conservation set-aside prog(aﬁ‘ﬁ) or to production of agricultural
goods (Af ) We assume that land rental markets function gpatich is consistent with the
environment in the areas of rural China in whigfain for Greenhas been implemented.
Therefore, there is a constraint on land avail&biae household:A" < A- A¥@. When the
government compensation rate for conservationsdeas designated by, the income

from participating in the program ig A%,
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Production of the agricultural good is assumele@ quasi-concave technology:
f (Lf n, A" zf) where n represents a composite variable for nonlabor iapdt z'
captures other production conditions such as saility. We assume that the land and labor

required to produce the agricultural good on-farem@mplements; in other words,

ILi[rgaf /oL =00, l;moaf J/0OA=cw and . Other types of income (e.g., investment
income, remittances and pensions) are acquireddeus$ the labor market and do not require
land. We designate the set of these resourc&s by

Finally, the household is endowed with a set arhotihquidity, k. Households
may have to seek credit to finance farm produadioto work off-farm. If a household
chooses to borrow an amouBytit incurs a fixed transaction cost af . The transaction cost
to borrow money represents time and monetary adstee loan application and disbursement.
The interest rate for the loan is exogenously sdf #or simplicity, is set equal to zero in the
model.

The decision of the farmer household is expreased

Max U(L,C; 7)

LF,1°,A% n

subject to
r°L°(z°) +wnA' < K+ B+o A (3)
L'+1°+L' =L 4)

Al = A- A (5)
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(6)
L°,B,n, A9 > 0. (7)
Equation (3) states that expenditures on nonlafortj n, for farm production plus
(variable) transaction costs incurred if houselm&mbers work off-farm or borrow are
limited to the sum of the value of the househaligjgidity, which is the sum of liquidity asset,
amount borrowed and compensation from land retirtntgquation (4) states that the
household’s time endowment is divided among workingarm, working off-farm and
leisure. Equation (5) limits the amount of cultedtiand that can be used for agricultural
production and for conservation to the househdédis endowment. Equation (6) is a full
income constraint that limits consumption to incdnaen off-farm labor, profits from
production of agricultural commodities, compensafiom the set-aside program and
liquidity asset minus fixed transaction costs asged with participation in off-farm labor
and/or credit markets.
The first-order necessary conditions for an intesimution with respect to on-farm

and off-farm labor (after rearranging the terms) ba written as

(8)

According to equation (8), at the optimum the hiwoée allocates time to on-farm and

off-farm labor so that the marginal value productanm labor multiplied by marginal utility
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of consumption is equal to the effective wage, Whscthe market wage minus the variable
transaction costs, multiplied by marginal utiliyagmnsumption, minus the shadow value of
liquidity times the variable transaction costs fiffarm labor. The utility-maximizing
household modeled here will allocate less timeftdamm labor as liquidity is more
constrainedgeteris paribusin other words, if an agent’s liquidity constriaig relaxed
through program payments, then an agent allocates time to off-farm labor and less to
on-farm labor (hypothesis 1). It also implies ttkeg more liquidity-constrained the farmer is
prior to the program, the larger the effect of pemg payments on off-farm labor (hypothesis
2)

Using Implicit Function Theorem, we can also dettiat higher compensation rate

ar’

> D)
increases off-farm Iabor(aﬁ if the marginal product of on-farm labor is larglean

the effective wage , and vice versa. Testing thmothesis is beyond the scope of this paper,
although previous studies of tlain for Greenprogram have found that the compensation
rate typically is larger than the value of the cyogdded by the retired plots (i.e., the
opportunity cost of program participation) (Xu &t 2006; Uchida et al., 2004). For example,
Xu et al. (2006) found that the value of preprogreduction for more than 70 percent of
participating households was less valuable tharcdingpensation rate. Furthermore, the level
of compensation is not trivial relative to the eags of the typical participating household in

the study region. For example, if an average haaldeh Sichuan Province (Yangtze River
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basin) received full compensation, it would rece34® yuan per capita, an amount equal to
24 percent of the average household’s preprogréahper capita income in 1999 (Uchida, et
al., 2005).

The first-order conditions also imply that houselsathat have limited liquidity and
cannot borrow will allocate more labor to farm puotion:

9)

In other words, at the optimum, the household alie€ land so that opportunity cost of
retiring the last unit of land (which is the margivalue product of land from agricultural
production) equals the shadow value of compensagitanof the conservation set-aside
program. This constraint implies that the higher shadow value of liquidity, the more the
household will allocate land to farminggteris paribus

Finally, there is one more implication of the modg&the land rental market does not
exist (as has been shown to generally be the naseal China) and the household’s liquidity
constraint is binding (which we assume is trueome households, especially for people who
live in poor, mountainous areas), then we expeatttie program’s off-farm labor impact
should be affected by consumption-side characiesist addition to production-side
characteristics. This relationship can be stated as

L, = f (Agfg; pWwd, KB AL"r°r®, 7, zf) !

1 If only the land rental market is missing and lijgidity constraint is not binding (i.e.A® = 0), the model
becomes recursive and decisions on production ansluenption are separable. In that case, the redooedof



56

the off-farm labor supply is given b)L*0 =f (Agfg; p,Ww,J,K,B, AL T°, zf).
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Appendix Table 1. Impact ofGrain for Green on household and individual members’
off-farm labor participation for participating hous eholds that changed status from
nonparticipating to participating between 2002 and2004.

Off-farm
@) ) ©) (4)
Household Individual Household Individual
treatment x year2004 0.534 0.318 —0.280 —0.039
(2.05)** (2.92)** (1.05) (0.32)
treatment -0.142 —0.045 —-0.045 -0.011
(0.76) (1.30) (0.24) (0.35)
year 2004 dummy 0.065 0.023 0.497 0.123
(0.33) (0.29) (2.51)* (1.31)
year 2004 * Yangtze basin 0.422 0.171 —-0.300 -0.120
(2.27) (2.17) (1.58) (1.05)
household size 0.129 0.018 0.168 0.021
(2.47)* (1.00) (3.03)*** (0.99)
total land holdings —-0.003 0.001 0.007 0.006
(0.34) (0.29) (0.92) (2.72)%*
household members with 0.503 0.759
off-farm work in 1999 (5.70)*** (12.55)***
household members with farm 0.736 0.735
work in 1999 (10.97)+ (14.25)%+
Constant -0.124 -0.176
(0.44) (0.59)
Observations 132 459 132 459
R-square 0.36 0.60

Absolute value of t-statistics in parentheses

* significant at 10 percent level; ** at 5 percent level; *** at 1 percent level
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Appendix Table 2. Program impact on off-farm and fam jobs, treatment indicator
interacted with quartile dummies of asset holdingsising participating households that
changed status from nonparticipating to participatng between 2002 and 2004.

Household Individual
(1) off-farm (2) farm (3) off-farm (4) farm

poorest in asset value in 1999 0.681 —-0.155 0.358 -0.117
(dummy) x treatment x year2004 (2.18)** (0.48) (2.54)* (0.99)
second poorest in asset value in 1.244 -0.273 0.479 0.040
1999 (dummy) x treatment x year2004 (3.22)**= (0.68) (2.92)** (0.29)
second richest in asset value in —0.020 0.041 0.275
1999 (dummy) x treatment x year2004 (0.06) (0.12) (1.69)*
richest in asset value in 1999 0.096 —-0.425 0.065 -0.191
(dummy) x treatment x year2004 (0.27) (2.17) (0.43) (1.35)
treatment —-0.126 —0.055 -0.041 0.022

(0.69) (0.29) (0.51) (0.38)
year 2004 dummy 0.057 0.503 0.021 0.161

(0.30) (2.56)* (0.30) (2.76)***
year 2004 * Yangtze basin 0.438 -0.311 0.177 -0.143

(2.39)* (1.63) (2.62)* (2.03)
household size 0.121 0.158 0.019 0.017

(2.40)* (2.88)x** (0.92) (0.96)
total land holdings -0.001 0.009 0.001 0.008

(0.10) (1.20) (0.37) (2.47)*
household members with off-farm 0.547 0.767
work in 1999 (6.34)*** (12.88)***
household members working 0.755 0.753
on-farm in 1999 (11.05)*** (13.93)***
Constant -0.144 —-0.198

(0.53) (0.68)
Observations 130 130 453 453
R-square 0.41 0.62

Absolute value of t-statistics in parentheses in (1) and (2); z-statistics in (3) and (4).

* significant at 10 percent level; ** at 5 percent level; *** at 1 percent level




