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What is Chronic Poverty? 

 

The distinguishing feature 
of chronic poverty is 
extended duration in 
absolute poverty. 

Therefore, chronically poor 
people always, or usually, 
live below a poverty line, 
which is normally defined in 
terms of a money indicator 
(e.g. consumption, income, 
etc.), but could also be 
defined in terms of wider or 
subjective aspects of 
deprivation. 

This is different from the 
transitorily poor, who move 
in and out of poverty, or 
only occasionally fall below 
the poverty line. 
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Abstract  

This paper analyses the effects of access to Rural Public Works (RPW) and the Public 

Distribution System (PDS), a public food subsidy programme, on consumption poverty, 

vulnerability and undernutrition in India drawing, on the large household datasets constructed 

with National Sample Survey (NSS) data, 50th round in 1993-1994 and 61st round in 2004-

2005. The treatment effects model and propensity score matching (PSM) model are used to 

take account of the sample selection bias in evaluating the effects of RPW or PDS on 

poverty. We found significant and negative effects of household participation in RPW and 

food for work programmes on poverty, undernutrition (e.g. protein) and vulnerability in 1993 

and 2004. Indeed, poverty and undernutrition were significantly higher for households with 

access to PDS than for those without, although PDS had significant effects in terms of 

reducing vulnerability of households in 1993 and 2004. We also applied the pseudo panel 

model, which confirmed that PDS decreased vulnerability based on 80 percent of the poverty 

threshold. However, state-wise results of the treatment effects model show considerable 

diversity of policy effects among different states. 

Keywords: poverty, undernutrition, vulnerability, Rural Public Works (RPW), Public 

Distribution System (PDS), poverty reduction policy, treatment effects model, Propensity 

Score Matching (PSM) model, India. 
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1 Introduction  

Despite the recent economic growth at national level in India, concerns have been raised 

over the disparity of poverty levels as well as the speed of poverty reduction in recent years 

(e.g. Himanshu, 2007; Jha and Gaiha, 2003; Kijima, 2006). Disparity could arise from 

geographical locations (e.g. among different states or between urban and rural areas) or 

among social groups or castes (Gaiha et al., 2007; Kijima, 2006; Gang et al., 2006). 

However, there has been no consensus as to what is the best alternative for a set of policy 

options to reduce poverty efficiently at national scale. While policies to promote 

macroeconomic growth are necessary to reduce poverty, interventions targeted directly at 

the poor have been in operation and are considered the crucial component of public policy in 

India at both government and state levels, because economic growth per se is not sufficient 

to reduce poverty of those in backward areas or in disadvantaged social groups who lack 

easy access to markets or education.  

Owing to the advantages arising from their salient features, such as self-targeting,1 Rural 

Public Works (RPW) have been considered one of the best alternatives. However, a previous 

assessment of RPW points out that they do not reach the poor effectively (e.g. Gaiha et al., 

2001). Past literature also suggests that workers who are poor do not have enough 

incentives to participate in the scheme because of the poverty trap: those under the 

threshold will either be left out of the labour market (or unemployed) (e.g. Dasgupta, 1997) or 

receive only marginal wages, as they cannot carry out physically demanding tasks owing to 

undernutrition or poor health. This would imply difficulty in evaluating RPW and poverty, as 

poverty and undernutrition are not necessarily only their outcomes but also affect the 

participation decision. Rigorous empirical work to examine the relationship between RPW 

and poverty is of enormous help in driving policy implications. The purpose of this paper is to 

statistically assess whether participation in RPW affects poverty defined in consumption 

expenditure based on National Sample Survey (NSS) large national-scale household data in 

the 50th round in 1993-1994 and the 61st in 2004-2005. We use data on participation in 

RPW for the 50th round and those on FFW (Food for Work), a version of RPW, for the 61st 

round, because of the data constraints.2  

As a comparison with RPW, the present study will evaluate the poverty-reducing effects of 

the Public Distribution System (PDS), the public scheme of food subsidy under which poor 

                                                

1
 In self-targeting, the participants themselves decide to participate in the scheme explicitly or implicitly by 

comparing the potential benefits (e.g. wage incomes, reduction of seasonality or risk) and costs (e.g. physical 

labour, transportation costs, opportunity costs). Better targeting performance through work requirements would 

lead to the better cost effectiveness of poverty interventions as put forward as ‘screening arguments’ by Besley 

and Coates (1992).  

2
 The data on RPW in the 50

th
 round and those on FFW in the 61

st
 round are the most reliable, with relatively few 

missing observations. 
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people are provided with basic food at subsidised prices (e.g. rice, wheat, sugar, edible oil, 

soft cake and kerosene oil). RPW has an advantage over PDS owing to the nature of self-

selection, but PDS can be accessed by those who are unable to work (e.g. the elderly or the 

physically disabled). PDS is likely to have an impact on nutritional conditions of household 

members because of its provision of food. However, there are relatively few systematic and 

rigorous studies to evaluate the impact of PDS on poverty.3/4  

However, it is not straightforward to evaluate the effects of RPW or PDS on poverty because 

of the endogeneity or the sample selection problem associated with access to these 

schemes. Participation in RPW is likely to be endogenous, either because of the endogenous 

programme placement, where policymakers purposefully allocate the fund according to the 

objectives of the programme (e.g. poverty alleviation in a remote area or disadvantage 

groups), or because of the self-selection. The geographical placement of PDS may not be 

random, or could be endogenous.  

This paper will take into account the endogeneity in assessing RPW in two ways. First, we 

will employ the treatment effects model, a version of the Heckman sample selection model 

(Heckman, 1979), where the participation equation is estimated and in the second stage 

poverty or consumption is estimated by predicted participation, among other determinants. 

Second, the propensity score matching (PSM) model will be applied to statistically compare 

poverty measures for those who have access to RPW and for those who do not, matched by 

the propensity score derived by the probit or logit model, where the characteristics of 

households are taken into account.  

The PSM first estimates the probit or logit model to estimate a function matching the 

proximity of one household to another in terms of household characteristics and then 

households are grouped to minimise the distance between matched cases. This has some 

advantages over the IV (instrumental variable) model (e.g. not requiring the instrument or 

linearity as in the IV model), but the sample selection bias will not be entirely corrected if 

there are important unobservable variables that affect the household decision to participate 

in programmes (e.g. health, intra-household bargaining or cultural or psychological factors 

not found in the data). The treatment effects model also estimates the probit model with 

                                                

3
 An important exception is Bhalotra (2002), who analysed the effects of PDS on child nutrition. She found, based 

on household data collected by the National Council of Applied Economic Research (NCAER) in 1994, that (i) if 

the average subsidy for the average household on PDS is 23 percent, then the PDS-using household buys 23 

percent more food; and (ii) the additional expenditure on food translates into statistically significant increases of 

0.09 standard deviations in height and 0.05 standard deviations in weight for boys, and into smaller increases for 

girls.  

4
 See Bhalotra (2002, Table 2) for the importance of PDS and RPW in central plan budgetary expenditure in India, 

where PDS had a share of 3.2 percent and rural employment programmes had 2.3 percent in 1997, the highest 

shares among other alternatives. This suggests that these are the two major programmes to support the rural 

poor in India.  
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similar specifications as in the first stage of PSM. In the second stage, the poverty measure 

is estimated by ordinary least square (OLS), while sample selection is corrected by using the 

estimates of probability of participating in the microfinance programmes. The model is fitted 

by a full maximum likelihood (Maddala, 1983). The merits of the treatment effects model over 

PSM include that: (i) the degree of sample selection is explicitly taken into account in the 

model; and (ii) the determinants of the dependent variable in the second stage are identified. 

However, the treatment effects model imposes strong distributional assumptions for the 

functions in both stages and the final results are highly sensitive to the choice of explanatory 

variables and the instrument. The presence of unobservable variables would also affect the 

results, as in PSM. Given these limitations, applying different models is useful, as one model 

serves to check the robustness of the results derived by another model.  

The present study goes beyond the standard definition of poverty which concerns the binary 

measure defined by the national poverty line based on income or consumption data. First, for 

the 50th round, we use the data on undernutrition in terms of calories and proteins, which 

has been constructed by converting the detailed food expenditure data available in NSS 50-

1.0 into their nutritional equivalents (Jha and Gaiha, 2003). That is, whether a household is 

poor defined not only by consumption but also by nutritional deficiencies. This is important in 

light of the link between labour market participation and nutrition, which leads to the nutrition-

based poverty trap. Second, we have derived the vulnerability measures as the probability of 

a household falling into poverty using a cross-sectional estimation drawing on Chaudhuri 

(2003) and Chaudhuri et al. (2003). Although poverty and vulnerability are correlated, they 

are different, as some households above the poverty threshold may be vulnerable while 

those just below the poverty line but who have secure income sources may not be vulnerable 

(e.g. Gaiha and Imai, 2009). Hence, the effects of RPW or PDS on poverty and on 

vulnerability are likely to be different – given the high vulnerability in backward areas, the 

policy role of reducing vulnerability or protecting households from vulnerable shocks is very 

important.  

The rest of the paper is organised as follows. Section 2 briefly explains the data. Section 3 

describes the econometric methodologies used to estimate the treatment effects and PSM 

models. Section 4 provides the econometric results and main findings. Concluding remarks 

are given in the final section.  
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2 Data  

2.1 NSS data 

The NSS, set up by the government of India in 1950, is a multi-subject integrated sample 

survey conducted all over India, in the form of successive rounds relating to various aspects 

of social, economic, demographic, industrial and agricultural statistics.5 We mainly use the 

data in the Household Consumer Expenditure schedule, called ‘the scheduled 01’, in the 

quinquennial surveys in the 50th round, 1993-1994 and in the 61st round, 2004-2005.6 These 

form the repeated cross-section datasets, each of which covers a large number of 

households across India.7 The consumption schedule contains a range of information related 

to mean per capita expenditure (MPCE) and disaggregated expenditure over many items, 

together with basic socioeconomic characteristics of households (e.g. sex, age, religion, 

caste and landholding). To derive wages at the level of the NSS region, we supplement the 

consumption schedule with the Employment and Unemployment schedule, called ‘the 

scheduled 10’, which has data on employment and unemployment situations.  

The NSS covers the whole of the Indian Union except (i) Leh (Ladakh) and Kargil districts of 

Jammu and Kashmir; (ii) interior villages of Nagaland situated beyond the bus route; and (iii) 

villages in the Andaman and Nicobar Islands which remain inaccessible throughout the year. 

In this study, we will use data in the Household Consumer Expenditure schedule in the 50th 

and 61st round, because the data on RPW in Employment and Unemployment have many 

missing observations. Definitions and descriptive statistics of the variables are shown in 

Annex 1. The latter are presented for those with or without access to RPW (or PDS).  

Data on which households participated in RPW were collected by the consumption schedule 

of the NSS 50th round, but only data on participation in FFW are available for the 61st round. 

Hence, these participation data are not strictly comparable, but we use these data as proxies 

for household-level access to RPW, that is, whether any member of the household 

participated in RPW. Access to PDS is defined as whether a household obtained any food 

items from PDS. One limitation in our approach is that we do not take account of how many 

days the household member participated in RPW or how much food a household obtained 

through PDS, assuming that a household as a unit, through collective decision making by 

household members, makes a decision on whether it should participate in RPW or use PDS 

                                                

5
 See National Sample Survey Organisation (NSSO) website http://mospi.nic.in/nsso_test1.htm for more details. 

6
 We are not using the 55

th
 round (1999-2000) as the consumption data are not comparable with those in the 50

th
 

or 61
st
 round because of the change in the recalling periods. The consumption data are comparable between the 

50
th
 round and the 61

st
 round.  

7
 After dropping households with missing observations on one of the explanatory variables, the number of 

households used for the estimation was 69,206 and 78,999 for the 50
th
 and 61

st
 round, respectively. 
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given the household conditions. This assumption, which may not reflect the reality, is 

required, as data on RPW or FFW and PDS are available only at household level.  

2.2 Computation of nutritional deficiency 

For the NSS 50th round, we have derived the nutrition-based poverty cut-off points by taking 

into account calories and protein intakes as well as minimum cut-off points for either on the 

assumption of moderate work (Gopalan, 1992; Gopalan et al., 1971). The official poverty line 

takes into account the cost of a nutritionally adequate diet in terms of per capita consumption 

expenditure. The poverty line is taken as per capita consumption worth Rs. 49 (Rs. 57) at 

1973-1974 prices for the rural (urban) sector. Expenditure is used as a proxy for income, 

since the NSS does not collect income data. Estimates using these poverty lines have been 

made by a number of authors. We calculated nutritional deficiency using nutritional 

equivalents of actual consumption baskets for households compared against recommended 

daily allowance. as elaborated in Gopalan et al. (1971). The daily nutritional requirements as 

reported by Gopalan et al. are reproduced in Annex 2. We use energy per capita and protein 

per capita from the NSS 50th round data files converted into nutritional equivalents. These 

data are computed as total consumption (of calories, protein and other nutrients) of 

households divided by variable ‘members’, where the number of members in a household is 

calculated by giving unit weights to the adults and 0.5 weight to the children. Age-specific 

weights for children are not possible since ages of children are not recorded. 

 

3 Econometric models  

3.1 Deriving vulnerability measures using large cross-sectional 
data  

It would be ideal to use panel data to derive household’s vulnerability measures. We were 

able to derive the measure of ‘vulnerability as expected poverty’ (VEP), an ex ante measure 

based on Chaudhuri (2003) and Chaudhuri et al. (2002), who applied this to a large cross-

section of households in Indonesia8 and defined vulnerability as the probability that a 

household will fall into poverty in the future.  

( )zcPrVVEP 1t,iitit ≤=≡ +  (1)  

where vulnerability of household i at time t, itV , is the probability that the i-th household’s 

level of consumption at time t+1 , 1t,ic + , will be below the poverty line, z. 

                                                

8See a summary by Hoddinott and Quisumbing (2003a, b) of methodological issues in measuring vulnerability.  
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Three limitations, among others, should be noted in our measure of vulnerability. First, the 

present analysis is confined to a consumption (used synonymously with income) threshold of 

poverty. Second, our measure of vulnerability in terms of the probability of a household’s 

consumption falling below the poverty threshold in the future is subject to the choice of a 

threshold.9 Third, while income/consumption volatility underlies vulnerability, the resilience in 

mitigating welfare losses depends on assets defined broadly – including human, physical and 

social capital. A household with inadequate physical or financial asset or savings, for 

example, may find it hard to overcome loss of income. This may translate into lower 

nutritional intake and rationing out of its members from the labour market (Dasgupta, 1997; 

Foster, 1995). Lack of physical assets may also impede accumulation of profitable portfolios 

under risk and generate poverty traps (Zimmerman and Carter, 2003).  

The consumption function is estimated by the equation (2).10  

 iii eXcln += β  (2)  

where ic  is MPCE (i.e. food and non-food consumption expenditure) for the i-th household 

and iX  is a vector of observable household characteristics and other determinants of 

consumption.11 These include:  

iA : A set of variables on household composition, such as whether a household is headed by 

a female member, number of adult male or female members, share of adult members in the 

household). 

iE : A set of the variables on the highest level of educational attainment of household 

members (e.g. whether completed primary school, secondary school or higher education).  

: Owned land as a measure of household wealth.  

: Occupation of parents in terms of whether the household is classified as (i) non-

agricultural self-employment or (ii) agricultural self-employment.  

                                                

9
 One of the limitations of this definition of vulnerability is that it is sensitive to the choice of z. We have defined 

the poverty line based on the national poverty line and checked the sensitivity of the results by applying different 

levels of poverty line (i.e. 120 percent and 80 percent).  

10
 We have used the White-Huber sandwich estimator to overcome heteroscedasticity in the sample.  

11
 See Annex 1 for definitions of the variables. These variables are used to estimate poverty and undernutrition 

equations.  
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: Social backwardness of the household in terms of (i) whether a household belongs to a 

scheduled caste (SC) and (ii) whether it belongs to a scheduled tribe (ST).  

: A vector of state dummy variables.  

β  is a vector of coefficients of household characteristics, and ie  is a mean-zero disturbance 

term that captures idiosyncratic shocks to per capita consumption. It is assumed that the 

structure of the economy is relatively stable over time and, hence, future consumption stems 

solely from the uncertainty about the idiosyncratic shocks, ie . It is also assumed that the 

variance of the disturbance term depends on: 

θ=σ i

2

i,e X
 (3)  

The estimates of β  and θ  are obtained using a three-step feasible generalised least 

squares (FGLS).12 Using the estimates β̂ andθ̂ , we can compute the expected log 
consumption and the variance of log consumption for each household as follows:  

β= ˆX]XC[lnE iii
 (4)  

θ= ˆX]XC[lnV iii  (5)  

By assuming icln  as normally distributed and letting ( )⋅Φ  denote the cumulative density 

function of the standard normal distribution, the estimated probability that a household will be 

poor in the future (say, at time t+1) is given by: 

( ) 













θ

β−
Φ=<=≡

ˆX

ˆXzln
XzlnclnrP̂v̂PÊV

i

i
iiii

 (6)  

This is an ex ante vulnerability measure that can be estimated with cross-sectional data. 

Note that this expression also yields the probability of a household at time t becoming poor at 

t+1 given the distribution of consumption at t.  

A merit of this vulnerability measure is that it can be estimated with cross-sectional data. 

However, it correctly reflects a household’s vulnerability only if the distribution of 

                                                

12
 See Chaudhuri (2003), Chaudhuri et al. (2002) and Hoddinott and Quisumbing (2003b) for technical details. 
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consumption across households, given the household characteristics at time t, represents 

time series variation of household consumption. Hence, this measure requires a large 

sample in which some households experience a good time and others suffer from negative 

shocks. Also, the measure is unlikely to reflect unexpected large negative shocks (e.g. Asian 

financial crisis), if we use the cross-section data for a normal year. 

3.2 Estimation of wage equations  

As the employment schedule of the NSS provides us with individual data on earnings during 

the previous week of the survey date, these could be used as proxies for wages. We 

estimate the male and female wage equations by tobit model. 

 (7)  

 (7)’  

Here, wage for workers is estimated by a set of variables at individual levels for the individual 

j, such as a set of education dummies, , age or its square, denoted as a vector, . Other 

variables include : social backwardness of the household; : occupation;  religion of 

the household, : owned land as defined before. This will give us predicted wages for male 

and female workers,  and , which will be aggregated at the level of NSS 

regions and used as one of the determinants of participation in RPW. Aggregation is 

necessary because the consumption schedule and the employment schedule survey 

different samples of households. These are used as instruments for access to RPW. For the 

instrument of PDS, we use the food price index derived from the method of Deaton and 

Tarozzi (2000).  

3.3 Treatment effects model 

We employ the treatment effects model, a version of the Heckman sample selection model 

(Heckman, 1979), which estimates the effect of an endogenous binary treatment. This would 

enable us to take account of the sample selection bias associated with access to RPW or 

PDS. In the first stage, access to RPW (or PDS) is estimated by the probit model. In the 

second, we estimate poverty (or a binary variable on whether the household is below the 

poverty threshold), undernutrition (or a binary variable on whether the household is below the 

threshold of calorie or protein intakes), only for the NSS 50th round, and the vulnerability 

measure after controlling for the inverse Mill’s ratio which reflects the degree of sample 

selection bias. The instruments are the predicted individual wages aggregated at the level of 

NSS regions for RPW and the food price index for PDS. These are admittedly not ideal 
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instruments in terms of the exclusion restrictions, but the dataset does not contain any better 

variables for instruments, which are correlated with RPW or PDS but not with poverty.  

The merit of the treatment effects model is that the sample selection bias is explicitly 

estimated by using the results of the probit model. Also, it would not require the two 

conditions necessary for PSM, which will be discussed in the next subsection. However, the 

weak aspects include the following: (i) the strong assumptions are imposed on distributions 

of the error terms in the first and the second stages; (ii) the results are sensitive to choice of 

the explanatory variables and instruments; and (iii) the valid instruments are rarely found in 

the non-experimental data.  

The selection mechanism by the probit model above can be more explicitly specified as (e.g. 

Greene, 2003):  

 ii

*

i uXD +γ=  (8) and 0uXDif1D ii

*

i

*

i >+γ==   

 otherwise0D*

i =  

where 
{ } )X(X1DPr iii γ′Φ==

 

{ } )X(1X0DPr iii γ′Φ−==
 

*

iD  is a latent variable. In our case, iD  takes 1 if a household has access to RPW (or PDS) 

and 0 otherwise and iX is a vector of household characteristics and other determinants. Φ  

denotes the standard normal cumulative distribution function.  

The linear outcome regression model in the second stage is specified below to examine the 

determinants of poverty, undernutrition or vulnerability denoted as iW . That is,  

 iiii DZW ε+θ+β′=  (9)  

 
( )iiu ε

~ bivariate normal
[ ]ρσε ,,1,0,0

 

where θ  is the average net wealth benefit of accessing RPW or PDS.  

Using a formula for the joint density of bivariate normally distributed variables, the expected 

poverty (or undernutrition or vulnerability) for those with access to RPW (or PDS) is written 

as:  
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[ ] [ ]
( )
( )i

i
i

iiiii

X

X
Z

1DEZ1DWE

γ′Φ

γ′φ
ρσ+θ+β′=

=ε+θ+β′==

ε

 (10)  

where φ is the standard normal density function. The ratio of φ and Φ  is called the inverse 

Mill’s ratio.  

Expected poverty (or undernutrition or vulnerability) for non-clients is:  

[ ] [ ]
( )
( )i

i
i

iiiii

X1

X
Z

0DEZ0DWE

γ′Φ−

γ′φ
ρσ−β′=

=ε+β′==

ε

 (11) 

The expected effect of poverty reduction associated with RPW (or PDS) is computed as 

(Greene, 2003: 787-789):  

[ ] [ ] ( )
( ) ( )[ ]ii

i
iiii

X1X

X
0DWE1DWE

γ′Φ−γ′Φ

γ′φ
ρσ+θ==−= ε

 (12)  

If ρ  is positive (negative), the coefficient estimate of θ using OLS is biased upward 

(downward) and the sample selection term will correct this. Since εσ  is positive, the sign and 

significance of the estimate of ερσ
(usually denoted as λβ ) will show whether any selection 

bias exists. To estimate the parameters of this model, the likelihood function given by 

Maddala (1983: 122) is used where the bivariate normal function is reduced to the univariate 

function and the correlation ρ . The predicted values of (10) and (11) are derived and 
compared by the standard t test to examine whether the average treatment effect or poverty-

reducing effect is significant.  

The results of the treatment effects model will have to be interpreted with caution because 

the results are sensitive to the specification of the model or the selection of explanatory 

variables and/or the instrument. Also important are the distributional assumptions of the 

model. However, applying the treatment effects model would overcome the potential 

limitation in PSM to evaluate the impacts of RPW or PDS. 

3.4 Propensity score matching model  

Our main hypothesis is that access to RPW (or PDS) reduces poverty (or undernutrition or 

vulnerability). Because we have only cross-sectional data, we can compare poverty status of 
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households with access to RPW (or PDS) and those without, as long as RPW (or PDS) are 

randomly distributed across the sample. However, we cannot simply statistically compare the 

average of poverty or vulnerability measures for those with access to RPW (or PDS) and 

those without because of the sample selection bias. The sample selection problem may arise 

from: (i) the self selection, where the households themselves decide whether they should 

participate in RPW (or PDS), which depends on household observable and unobservable 

characteristics; and (ii) the endogenous programme placement, where those who implement 

these programmes would select (a group of) households with specific characteristics (e.g. 

high poverty or low nutrition). Statistical matching, such as PSM, could be used to take 

account of the sample selection bias or the endogeneity associated with household access to 

RPW (or PDS). 

Statistical matching has been used widely in medical studies, where dose response of 

patients is analysed. The first stage specifies a function matching the proximity of one 

household to another in terms of household characteristics and then households are grouped 

to minimise the distance between matched cases in the second stage (Foster, 2003). Merits 

of using statistical matching over the IV estimation include the following: the former does not 

assume linearity; it is valid even though distributions of explanatory variables of treatment 

and control groups overlap relatively little; and it does not require a valid instrument. 

Rosenbaum and Rubin (1983) proposed statistical matching using the propensity score, the 

predicted probability that an individual receives the treatment of interest to make 

comparisons between individuals with the treatment and those without. Methodological 

issues and programmes for propensity score matching estimation are discussed in detail, for 

example, by Becker and Ichino (2002), Dehejia (2005), Dehejia and Wahba (2002), Ravallion 

(2008), Smith and Todd (2005) and Todd (2008). .  

While there are some advantages in using PSM to estimate the impact of the policy, the 

derived impact depends on the variables used for matching and the quantity and quality of 

available data and the procedure to eliminate any sample selection bias is based on 

observables (Ravallion, 2008). If there are important unobservable variables in the model, 

the bias is still likely to remain in the estimates. For example, if the selection bias based on 

unobservables counteracts that based on observables, then eliminating only the latter bias 

may increase aggregate bias, while the replication studies comparing non-experimental 

evaluations, such as PSM, with experiments for the same programmes do not appear to 

have found such an example in practice (ibid).  

The discourse between Smith and Todd (2005) and Dehejia (2005) further draws our 

attention to the limitations of PSM in particular based on cross-sectional data. First, 

unmeasured characteristics or time effects cannot be controlled for by cross-sectional data. 

Second, bias associated with cross-sectional matching estimators may be large without a 

good set of covariates or if treated and control households are not strictly comparable, for 
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example, located in different markets (Smith and Todd, 2005). To partly overcome the 

limitation of PMS, we will also use the treatment effects model.  

We summarise below the estimation methods for the PSM. The propensity score is the 

conditional probability of receiving a treatment (or of having access to RPW or PDS) given 

pre-treatment characteristics, X (or household characteristics).  

{ } { }XDEXDPr)X(p === 1
 (13)  

where { }1,0D =  is the binary variable on whether a household has access to RPW (1) or 

not (0) and X is the multidimensional vector of pre-treatment characteristics or time invariant 

or relatively stable household characteristics in our context. It was shown by Rosenbaun and 

Rubin (1983) that if the exposure to RPW is random within cells defined by X, it is also 

random within cells defined by p(X) or the propensity score.  

The policy effect of RPW (or PDS) can be estimated in the same way as in Becker and 

Ichino (2002) as:  

{ }
{ }{ }
{ } { }{ }101

1

1

01

01

01

==−==

=−=

=−≡

iiiiiii

iiii

ii

D)X(p,DWE)X(p,DWEE

)X(p,DWWEE

DWWE
i

τ

 (14) 

where i denotes the i-th household, i1W  is the potential outcome (e.g. poverty) in the two 

counterfactual situations with access to RPW (or PDS) and without.  

The first line of the equation states that the policy effect is defined as the expectation of the 

difference of poverty or undernutrition of the i-th household with access to RPW and that for 

the same household in the counterfactual situation where it would not have had access to 

RPW. The second line is the same as the first line except that the expected policy effect is 

defined over the distribution of the propensity score. The last line is the policy effect as an 

expected difference of poverty or undernutrition for the i-th household with access to RPW 

given the distribution of the probability of accessing RPW and that for the same household 

without RPW given the same distribution.  

Formally, the following two hypotheses are needed to derive (14) given (13).  

Lemma 1 Balancing hypothesis (balancing of pre-treatment variables given the propensity 

score) 

If p (X) is the propensity score, then 
)X(pXD ⊥
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This implies that, given a specific probability of having access to RPW, a vector of household 

characteristics, X, is orthogonal to (or uncorrelated to) the access to RPW. In other words, for 

a specific propensity score, the RPW is randomly distributed and thus, on average, 

households with RPW and those without are observationally identical (given a propensity 

score). Otherwise, one cannot statistically match households of different categories.  

Lemma 2 Unconfoundedness given the propensity score 

If treatment (or whether a household has access to RPW) is unconfounded, i.e. 

XDW,W ⊥21   

Then, assignment to treatment is unconfounded given the propensity score, i.e.  

)X(pDW,W ⊥21  

The latter implies that, given a propensity score, poverty or undernutrition is uncorrelated to 

the access to RPW. If the above lemmas are satisfied, the policy effect can be estimated by 

the procedures described in Becker and Ichino (2002) and Smith and Todd (2005). Each 

procedure involves estimating the probit model: 
{ } ))X(h(X1DPr iii Φ==

 (15) where Φ  

denotes the logistic (or normal) cumulative distribution function (CDF) and )X(h i  is a starting 

specification. We use the probit model whereby whether a household has access to RPW is 

estimated by a vector of household and socioeconomic characteristics. Because using a 

same set of the determinants of consumption would not only lead to the rejection of the 

balancing hypothesis but also be unfeasible with the large data, we take the minimalist 

approach, where a considerably smaller number of explanatory variables are chosen. 

One possible procedure for statistical matching is stratification matching, whereby the 

sample is split in k equally spaced intervals of the propensity score to ensure that within each 

interval the average propensity scores of treated and control households do not differ. We 

did not use stratification matching, as observations are discarded when either treated or 

control units are absent. Instead, we use other variants in matching estimators of the 

average effect of treatment on the treated, namely, nearest neighbour matching and kernel 

matching.13 Nearest neighbour matching is the method to take each treated unit and search 

for the control unit with the closest propensity score, whereas with kernel matching all treated 

are matched with a weighted average of all controls with weights that are inversely 

proportional to the distance between the propensity scores of treated and controls (see 

Becker and Ichino, 2002 for details).  

                                                

13
 We did not use radius matching either as the results are sensitive to the predetermined radius.  
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3.5 Pseudo panel and IV model  

One of the limitations in the above models is that each round of the NSS is used separately 

for the cross-sectional estimations. To overcome this, we apply the pseudo panel model, 

which aggregates micro-level household data by any meaningful unit or cohort (e.g. 

geographical areas or categorisation by household characteristics) that is common across 

cross-sectional datasets in different years. We apply the pseudo panel model for the cohort k 

based on the 78 NSS regions. The cohort is denoted as k in the equation (16) below.  

 ktitktiktikti
eTDXW +++++= µγββα 21  (17) 

where k denotes cohort (i.e. NSS region) and t stands for survey years for three rounds of 

NSS, 1993 and 2005. The upper bar means that the average of each variable is taken for 

each cohort, k for each round t. kti
W

 is thus the regional average of poverty measure 

(undernutrition or vulnerability measure), kti
X

 is a vector of the average of household and 

other characteristics, kti
D

is the average of access to RPW (or PDS), tT  is a time dummy 

variable, ktµ is the unobservable fixed or random effect at cohort level and kte  is the error 

term.  

ktkttktiktikti
eTDXW +++++= µγββα 21  (17) 

The equation (17) can be estimated by the standard static panel mode, such as the fixed 

effects or random effects model. The issue is whether equation (17) is a good approximation 

of the underlying household panel models for household i in the equation (17)’ below.  

itittititit eTDWW +′+′+′+′+= µγββα 21  (17)’ 

It is not straightforward to check this as we do not have ‘real’ panel data. However, as shown 

by Verbeek and Nijman (1992) and Verbeek (1996), if the number of observations in cohort k 

tends to infinity,  and the estimator is consistent. In our case, k is very large and 

thus the estimator is likely to be almost consistent. Once we take account of the cohort 

population, the equation (17) will become the model developed by Deaton (1985), whereby 

 and  are considered to be error-ridden measurements of unobservable cohort 

means, which leads to so-called ‘error-in-variables estimator’ (see Fuller, 1987 for more 

details). As an extension, because RPW or PDS could be endogenous, we apply the G2SLS 

random effects IV regression where kti
D

 is instrumented by either average wages or the 

food price index.  
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4 Results 

In this section we will summarise key findings obtained from the econometric estimations of 

the models we described in the last section.  

4.1 Vulnerability estimates  

Table 1 presents the regression results for vulnerability estimations for NSS 50 (1993-1994) 

and NSS 61 (2004-2005). The results for consumption (equation (2)) or log MPCE (equation 

(3)) are reported. A few results are surprising. For example, in 1993, the coefficient estimate 

of the number of adult female members is negative and highly significant, that of being 

headed by a female member is positive and significant. Both are negative and significant in 

2004. The proportion of adult members is positive and highly significant in 1993 and 2004, 

reflecting the negative effects of the dependency burden on children and the elderly on per 

capita consumption. While the age of the household head is negative and significant to 

explain per capita household expenditure in 1993, with a significant non-linear effect 

suggested by a positive and significant coefficient estimate of its square, the signs are the 

opposite in 2004. Higher levels of educational attainment are positively and significantly 

associated with higher per capita consumption in both 1993 and 2004. Dummy variables 

associated with larger areas of land owned are also positively associated with per capita 

expenditure in 1993 and 2004. Dummy variables on household head’s occupation show the 

similar pattern of the results for two rounds. Belonging to SCs or STs is negative and highly 

significant in 1993 and 2004. While the results of state dummies are omitted from the table, 

they indicate the high degree of geographical differences in household consumption in 1993 

and 2004.  
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Table 1 also shows the results of variance of log MPCE. Female member’s headedness of 

the household is positively and significantly associated with higher variance in consumption 

in 1993 and 2004, implying the wider range of (conditional) distribution of consumption for 

female-headed households than for male-headed households. Thus, the possibility is not 

precluded that some female-headed households have very low consumption in 1993. Higher 

level of educational attainment of household members and larger landholdings (more than 

2.5 hectares) seems associated with higher consumption variance in both years. Not being 

agricultural labourers or not belonging to an SC or ST is associated with higher variance of 

consumption. These estimation results are used to derive vulnerability measures.  

Annex 3 presents the results for the wage equations for male and female workers based on 

the employment schedule of the NSS 50th and 61st rounds. While most of the results are 

expected, a few unexpected results are also found. For example, owned land of the 

household to which the worker belongs is negatively associated with female wages in both 

1993 and 2004 and land area is positively associated with male wages with a significant 

coefficient estimate for 2004 and not significant for 1993. The underlying reasons are not 

clear, but it could owe to the fact that men’s ownership of land may serve as a source for 

better wages through bargaining with employers or that only men can control household 

assets, including land. The coefficients for ST or SC are negative and significant in 

determining wages. Workers in the households classified as non-agricultural or agricultural 

self-employed tend to have higher wages. Age is positive significant, while its square is 

negative and significant in both years. Because there are not many observations for female 

wages and they are not significant in the equation of RPW, we use predicted male wage as 

an instrument for the participation equation in RPW.  

4.2 Treatment effects model  

Tables 2 and 3 present the results of the treatment effects model. Table 2 reports the 

regression results in the first stage, whereby access to RPW or PDS is estimated by probit 

model (for equation (8)) and those in the second stage for the equation of poverty (or 

vulnerability or undernourishment) taking account of sample selection bias (for equation (8)). 

Table 3 summarises the treatment effects for various cases. Four cases are highlighted in 

Tables 2, 3 and 4, namely, Case 1: where the treatment effect of RPW is estimated by the 

NSS 50th round in 1993; Case 2: PDS in 1993 or NSS 50; Case 3: RPW (where it is proxied 

by FFW, a version of RPW, owing to data constraints) in 2004 or NSS 61; and Case 4: PDS 

in 2004 or NSS 61.  
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We will briefly explain the determinants of participation in RPW and access to PDS in 1993 

and 2004. Female member headedness of the household is a negative and significant 

determinant of RPW participation in Cases 1 and 3 and a positive determinant of PDS 

access, which is significant in Case 4. The more female adult members, the more likely it is 

for a household to have access to PDS (Cases 2 and 4). More male adult members would 

drive the household to participate in RPW in 1993 and 2004 and to access PDS in 2004. The 

dependency burden is positively and significantly associated with PDS access, as suggested 

by the negative coefficient estimates for the share of adult members in the household. The 

household with an older head is more likely to have access to PDS in 1993 and 2004. 

Education dummies are negative and significant in most of the cases, which implies that the 

household with lower levels of educational attainment or without literate members tends to 

access RPW and PDS. This is indirect evidence of good targeting performances of these 

schemes. Households with owned land area from 0.1 to 2.5 hectares are more likely to 

participate in RPW than the landless or those with land larger than 2.5 hectares in 1993 and 

2004 (Cases 1 and 3). The landless are more likely to have access to PDS than those with 

land in 1993 (Case 2), but those with land from 0.1 to 2.5 hectares are more likely to access 

PDS than the rest in 2004 (Case 4). The agricultural or non-agricultural labourer tends to join 

RPW and PDS. The schemes are more likely to be utilised by those belonging to SCs or 

STs. While predicted male wage is positive and significant in 1993, it is negative and highly 

significant in 2004 in the RPW participation equation. The coefficient estimate of food price 

index is positive and significant in the PDS equation.  

Table 2 reports the results of the second-stage regressions, where the dependent variable is: 

(a) consumption-based poverty (in the first panel of the second stage results); (b) 

vulnerability estimate (in the second panel); and (c) undernutrition based on calories and 

protein only for the NSS 50th round (in the third panel). We only summarise the key results. 

First, the coefficient of βλ, the degree of sample selection, is significant in all the cases (most 

of which are negative as in Cases 1, 2, and 4 in (a) consumption-based poverty, in Cases 1 

to 4 in (b) vulnerability, the first and the third columns of RPW for (c) nutrition-based poverty. 

The actual poverty-reducing effects are affected by the sample selection effects and direct 

effects of the schemes, θ. The treatment effects are calculated and summarised in Table 3.  

The comparison of determinants of (a) consumption-based poverty, (b) vulnerability estimate 

and (c) undernutrition based on calories and protein for the cases of RPW and PDS would be 

of empirical significance in itself. Overall, determinants of poverty, vulnerability and 

undernutrition are similar, with a few exceptions. Female member headedness is considered 

a factor increasing the probability of being poor, but we observe a negative and significant 

coefficient estimate in Case 2 (NSS 50) of consumption poverty, Case 1 (NSS 50) of 

vulnerability, Case 1 of calorie poverty and Case 2 of protein poverty (NSS 50). Household 

composition is significantly associated with poverty, vulnerability and undernutrition. For 

example, they are negatively affected by dependency burden or the number of adult female 

members. The household with an older household head is more likely to be poor with some 
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non-linear effect, with an exception of Case 2 in (c), calorie-based poverty, which shows the 

positive sign. Higher levels of educational attainment and larger land area tend to decrease 

the probability of being poor, vulnerable and undernourished. Belonging to SCs or STs is 

highly correlated with not only poverty but also vulnerability and undernutrition.  

Table 3 summarises the treatment effects associated with RPW and PDS. RPW decreases 

consumption-based poverty and protein-based significantly in 1993, but not calorie-based 

poverty as shown by Case 1. This might reflect the fact that RPW is sometimes physically 

demanding and requires calories. In 1993, significant vulnerability-reducing effects are 

observed only for the vulnerability calculated based on 80 percent of the national poverty line 

(and the effects are positive for 100 percent and 120 percent). In 2004, RPW is confirmed to 

have a significant impact on reducing poverty and vulnerability. On the contrary, PDS 

significantly increased consumption-based poverty and nutrition-based poverty in 1993 and 

consumption-based poverty in 2003 (Cases 2 and 4). However, PDS significantly decreased 

vulnerability in both 1993 and 2003. This may reflect the aspect of social protection in PDS.  

4.3 Propensity score matching  

Because of the difficulty of obtaining the convergence and the tendency to violate the 

balancing hypothesis, we have taken the minimalist approach and avoided using the binary 

variable in estimating PSM models. We have kept the number of adult male members, the 

proportion of adults in the household, age of the household head, land per capita and 

predicted male wages (only for RPW) and food price index (only for PDS). The balancing 

hypothesis (Lemma 1) which tests for equality of means between the treated and untreated 

observations for each of the covariates is satisfied in every case. The results are shown in 

Table 4. The distributions of propensity scores are presented in Annex 4.  

Table 4: Summary of results of propensity score matching models  

 

Probit models  

  NSS50           NSS61           

 Case 1   
Case 
2   Case 3   

Case 
4   

 RPW   PDS   RPW   PDS   

RPW Coef. z  Coef. z  Coef. z  Coef. z  

             

Number of 
adult male 
members 0.047 (5.92) ** 

-
0.039 (-7.27) ** 0.036 (3.23) ** 0.035 (6.06) ** 

Proportion 
of adults in 
a 
household -0.015 (-0.41)  0.138 (5.67) ** -0.063 (-1.50)  -0.242 

(-
11.22) ** 

Age of 
household 
head -0.273 (-4.08) ** 0.233 (5.39) ** -0.416 (-5.81) ** 0.557 (15.13) ** 

land_pc -0.040 (-2.46) ** - (- ** 0.000 (0.56)  -0.001 (-1.01)  
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0.272 21.55) 

Predicted 
agricultural 
wage rate 
for males 0.002 (4.70) ** -   -0.004 (-7.27) ** -   

Food price 
index -   0.058 (68.45) ** -   0.025 (10.26) ** 

Constant -1.744 
(-
42.62)  

-
6.605 

(-
75.60)  -1.448 

(-
28.43)  0.234 (7.88)  

Number of 
obs 69206   69206   77043   79253   

LR chi2(5) 69.39   69.39   106.07   530.91   

Prob > 
chi2 0   0   0   0   

**=significant at 1% level. *=significant at 5% level. +=significant at 10% level. 
    

 

Policy effects on poverty and undernutrition (based on bootstrapped standard errors) 

         

 NSS50 Effects on poverty      

Case 1 RPW Effects on poverty      

 RPW Effects on poverty (consumption based)    

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3926 -0.01 0.012 -0.809  

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3088 -0.016 0.014 -1.084  

 RPW Effects on poverty (calorie based)     

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3926 -0.004 0.009 -0.4  

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3089 -0.019 0.009 -2.062 * 

 RPW Effects on poverty (protein based)     

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3926 -0.008 0.006 -1.219  
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 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3088 -0.006 0.01 -0.594  

         

Case 2 PDS Effects on poverty      

 PDS Effects on poverty (consumption based)    

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3930 0.011 0.013 0.822  

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3131 0.019 0.008 2.446 * 

 PDS Effects on poverty (calorie based)     

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3930 0.014 0.011 1.304  

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3131 0.02 0.012 1.635  

 PDS Effects on poverty (protein based)     

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3930 0.001 0.009 0.135  

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3131 0.008 0.008 0.971  

         

 NSS61 Effects on poverty (consumption based)    

Case 3 RPW        

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  
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  44153  8810 -0.011 0.006 -1.741 + 

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  44153  4773 -0.012 0.009 -1.312  

Case 4 PDS        

 Kernel matching       

 n. Treat. n. Contr. ATT Std. err. t  

  45364  9112 0.011 0.005 2.252 * 

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t  

  45364  5199 0.007 0.012 0.591  

 

Policy effects on vulnerability (based on bootstrapped standard errors) 

                  

  NSS50 Effects on vulnerability           

Case 1 RPW Effects on vulnerability         

 RPW Effects on vulnerability      

 Kernel matching        

 n. Treat. n. Contr. ATT Std. err. t   

  34908  3926 -0.225 0.008 -28.576 ** 

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t   

  34908  3089 -0.197 0.022 -9.085 ** 

                  

Case 2 PDS Effects on vulnerability           

 PDS Effects on vulnerability      

 Kernel matching              

 n. Treat. n. Contr. ATT Std. err. t  

  34908  3930 -0.241 0.017 -14.387 ** 

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t   

    34908   3131 -0.188 0.025 -7.646 * 

         

  NSS61 Effects on vulnerability           

Case 3 RPW               

 Kernel matching        

 n. Treat. n. Contr. ATT Std. err. t   

  44153  8810 0.03 0.03 -9.43 ** 

 Nearest neighbour matching method         

 n. Treat. n. Contr. ATT Std. err. t  

    44153   4605 -0.022 0.005 -4.312 ** 

Case 4 PDS               

 Kernel matching        
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 n. Treat. n. Contr. ATT Std. err. t   

  45364  9112 -0.032 0.002 -14.221 ** 

 Nearest neighbour matching method     

 n. Treat. n. Contr. ATT Std. err. t   

    45364   5002 -0.023 0.003 -6.766 ** 

 

Table 4 summarises the final results of PSM. The results are sensitive to our choice of the 

method of matching, kernel matching or nearest neighbour matching.  

In Case 1, where we analyse the effects of RPW on poverty, undernutrition and poverty in 

1993, we observe a significant poverty-reducing effect on calorie-based poverty where 

nearest neighbour matching is used. It is not significant in the case where kernel matching is 

used. However, significantly negative impacts of household participation in RPW are found 

on vulnerability in Case 1 for both kernel matching and nearest neighbour matching.  

In Case 3 for RPW in 2004, we find a significant poverty-reducing effect on consumption-

based poverty in the kernel matching method. The average treatment effect is negative, but 

not significant, when nearest neighbour matching is applied. Again, RPW reduces 

vulnerability significantly in 2004.  

In Case 2 for the evaluation of PDS in 1993, the average treatment effect is positive and not 

significant, except one case of nearest neighbour matching for consumption-based poverty. 

In Case 4, we find a poverty-increasing effect of PDS on consumption-based poverty when 

kernel matching is used. As long as we use the static indicators of poverty, PDS appears to 

increase poverty. However, once we use the vulnerability measures, we find significant 

poverty-reducing effects of PDS in 1993 and 2004. The results obtained by PSM are broadly 

consistent with those of the treatment effects model.  

4.4 State-wise results  

One of the major limitations of PSM and the treatment effects model is that neither model 

takes account of heterogeneity within the sample. Because of the large country size, a 

concern arises on the geographical diversity of the results. In the previous regression 

models, we have included state dummy variables to consider this. However, dummy 

variables only capture the difference of constant in the regression, not the difference of the 

slope. We have thus applied the treatment effects model for the Indian states with a 

reasonably large number of observations for NSS 50 and NSS 61. The results are shown in 

Table 5.  
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The states with negative average treatment effect are shown in bold in Table 5, which shows 

a significant degree of diversity among different states. For example, although RPW has a 

negative and significant effect on reducing poverty in 1993, the significant and negative 

effects of RPW are observed in several states only, such as Rajasthan, Orissa, Madhya 

Pradesh and Tamil Nadu. We observe a positive and significant effect of PDS on poverty for 

all India in 1993, but the effects are negative and significant in Andhra Pradesh, Kerala and 

Tamil Nadu.  

The pattern of diversity differs considerably once we focus on vulnerability. RPW increases 

vulnerability for all India, but negative and significant average treatment effects of RPW are 

observed for Punjab, Orissa and Tamil Nadu in 1993. The negative and significant effects of 

PDS on vulnerability are found only for Punjab, Madhya Pradesh and Kerala, despite the 

negative and significant estimate for all India.  

For NSS 61 in 2004, we found a negative and significant average treatment effect of RPW on 

poverty for all India. However, the state-wise results show that the treatment effects are 

significant and negative only in Punjab, Haryana, West Bengal, Maharashtra and Andhra 

Pradesh. Many of the other states show the positive and significant treatment effects. PDS, 

on the other hand, has a positive and significant treatment effect on poverty for all India, with 

a significant degree of diversity. Punjab, West Bengal and Madhya Pradesh are among the 

states with a negative and significant treatment effect of PDS on poverty.  

It is found that RPW reduces vulnerability significantly for all India in 2005; many states show 

positive and significant treatment effects. The negative and significant effects are found only 

for Bihar, West Bengal and Kerala. On the other hand, the average effect of PDS on 

vulnerability is negative and significant in most of the states in 2005, with the exception of 

Haryana and Tamil Nadu, which show positive and significant effects.  

4.5  Pseudo panel model 

The results based on IV regression for pseudo panel data model are reported in Table 6. The 

results must be interpreted with caution, in particular because the instrument for RPW, 

aggregation of predicted wages, is not significant in the first stage. Focusing on the 

coefficient estimates of RPW or PDS, that is instruments, we do not find any significant 

results, except one case where PDS reduces vulnerability significantly at a 5 percent level 

when it is defined based on 80 percent of the poverty threshold. This is consistent with the 

earlier results of treatment effects model.  
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5 Conclusion  

This paper analyses the effects of access to RPW and PDS, a public food subsidy 

programme, on consumption poverty, vulnerability and undernutrition in India, drawing on the 

NSS 50 (1993-1994) and NSS 61 (2004-2005) large household datasets. Vulnerability is 

defined as the probability of a household falling into poverty and is estimated using the 

methodology put forward by Chaudhuri (2003) and Chaudhuri et al. (2002). Undernutrition 

measures are derived by converting detailed expenditure data into the nutritional equivalent 

of calorie or protein intake.  

The need has arisen to take account of sample selection in evaluating policy effects because 

access to RPW or PDS is not randomly distributed across the sample, owing to self 

selection, whereby a household opts to take up the programme in light of its specific 

characteristics or circumstances (e.g. hunger, lack of human resources), and/or to the 

endogenous programme placement, that is, policymakers select, for example, geographical 

areas in reflection of policy needs (e.g. poverty reduction). The treatment effects model, a 

version of the Heckman sample selection model and the PSM model were used, at least 

partly, to take account of the sample selection bias in evaluating the effects of RPW or PDS 

on poverty. However, the results must be interpreted with caution, because of the presence 

of unobservable factors that are important in decision making to participate in RPW or to 

access PDS, which cannot be controlled by the survey data.  

We have found significant and negative effects of household participation in RPW and FFW 

programmes on poverty, undernutrition (e.g. protein) and vulnerability in 1993 and 2004. 

Broadly similar results were obtained by the treatment effects model and PSM. However, 

once we apply the treatment effects model separately for each state, a great degree of 

diversity is observed. Also, we do not find any significant results for RPW in pseudo panel 

data models.  

Prevalence of poverty and undernutrition is significantly higher for households with access to 

PDS than for those without. However, PDS has significant effects on reducing vulnerability of 

households in 1993 and 2004, which has been confirmed by the treatment effects model and 

PSM. The effects of PDS are different among the different results. PDS decreased 

vulnerability based on 80 percent of the poverty threshold in the IV model applied to the 

pseudo panel.  
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