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IMPACT OF PROTECTED CULTIVATION IN MAHARASHTRA – 
PROPENSITY SCORE MATCHING APPROACH 

*Prakash P1, Pramod Kumar3, Prabhat Kishore4, S. Niranjan5, D. Jaganathan1, 
Sheela Immanuel2 and P. S. Sivakumar2 

 

INTRODUCTION 

Assessing the impact of any adopted 
technology is essential to understand its 
relevance to the society. It helps in 
quantifying the changes that the 
technology has generated in terms of 
income, knowledge, skill etc. There are 
several methods to assess the impact of 
technology or training or product viz., 
Randomized Control Trial (RCT), Propensity 
Score Matching (PSM), Difference-in-
Difference (DID), Heckman Selection 
Model, Regression Adjustment, Regression 
Discontinuity Design, Instrumental 
Variables, Economics Surplus Model, 
Partial Budgeting and Coarsened Exact 
Matching (CEM).  

Generally, in experimental studies 
where RCTs are conducted, treatment is 
assigned at random to the beneficiaries. 
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So, a simple difference in the outcome 
variable of beneficiaries and non-
beneficiaries gives the impact of that 
particular technology. But in the case of 
non-experimental or observational studies 
where treatment is not assigned in 
random, it is difficult to estimate the 
impact.  

This happens as adoption or non-
adoption of technology which is 
determined by a set of socioeconomic 
variables and hence, the decision to adopt 
technology can lead to self-selection bias 
(Becerril & Abdulai, 2010; Wu et al, 2010). 
Selection bias occurs due to the non-
random allocation of treatment among the 
population. There are different statistical 
and econometric methods to overcome 
this selection bias. The models like 

ABSTRACT 

This chapter is aimed to assess the impact of protected cultivation on the farm income 
of farmers growing horticultural crops in Maharashtra. Farm household survey was 
conducted among 200 farmers (both adopters and non-adopters of protected cultivation) 
during 2018-19 in selected districts viz., Pune and Nasik in Maharashtra. Propensity Score 
Matching (PSM) was employed to assess the impact of protected cultivation, estimating the 
difference in income between adopters and non-adopters. However, the study was 
subjected to selection bias, since the treatment (adoption of protected cultivation) was not 
randomly assigned among the respondents. Farmers who are well educated, better exposed 
to extension services, and have access to subsidies are more likely to adopt the technology. 
The results revealed that the income of adopters has increased between ₹. 2.02 lakh and ₹. 
4.82 lakh than the income of their counterparts. 
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Heckman correction and dummy 
endogenous variables address the 
estimation of treatment effects when the 
assigned treatment is not random. These 
models provide some correction but it 
relies on normality assumptions for 
identification, which is considered weak. 
Non-parametric method such as 
Propensity Score Matching (PSM) would be 
a better alternative to assess the impact in 
situations where treatment is not assigned 
in random.  

PSM is a quasi-experiment to 
construct a counterfactual group from the 
control group. PSM attempts to reduce the 
sample selection bias due to confounding 
variables in the treatment effect obtained 
while comparing outcomes between the 
treated (adopted) and control (non-
adopter) groups. PSM matches the 
covariates of the adopters (treatment) and 
non-adopters (control) based on the 
estimated propensity score and measure 
the impact as the Average Treatment 
Effect (ATE) of the programme. ATE is 
calculated as the mean difference in 
selected outcomes among the two groups.
 The validity of PSM depends on two 
assumptions: (a) conditional 
independence (there exists a set of X 
covariates such that after adjusting for 
these covariates. The potential outcomes 
are independent of treatment status. This 
is also called as a selection on observables) 
(b) Sizable common support or overlap in 
propensity scores across the adopters and 
non-adopters. 

METHODOLOGY 

In non-experimental/observational 
studies, it is often difficult to draw the 
casual inference and estimate treatment 
effect due to lack of control under similar 
situations (Dehejia & Wahba, 1999). 
Further, comparing the treatment group 
with the control group under non-

experimental studies may suffer from 
sample selection bias (Guo, Barth, & 
Gibbons, 2004). Matching techniques are 
used to compare the treatment and 
control units which have some similar 
observable characters in both the groups. 
Matching is simple when the 
dimensionality is less that is with limited 
number of covariates. When the 
dimensionality increases, matching 
becomes difficult, this is often termed as 
the ‘curse of dimensionality’ (Caliendo & 
Kopenig, 2005). 

Propensity Score Matching is a non-
parametric method which helps to 
estimate the outcome of treatment on a 
particular unit if the same unit were not to 
receive the treatment. It works on the 
identification assumption that the 
outcomes are independent of assignment 
to treatment conditional upon the 
observable characteristics (Essama-Nssah, 
2006). To explain this, author considers 
adoption of protected cultivation as 
treatment and others with traditional 
farming as the control group. 

The adoption of protected 
cultivation (Yi) is a binary variable, takes a 
value of 1, if the farmer is an adopter of the 
technology, and zero otherwise. Probit 
model is specified as, 

𝒀𝒊 = 𝜶 + 𝜮𝜷𝒋𝑿𝒊𝒋 + 𝝁𝒊   … (1) 

Where, Yi is dummy variables (Yi=1 
if adopted the technology; Yi=0 otherwise), 
Xi is the vector of explanatory variables, βj 
is the vector of estimated parameters 
and𝜇𝑖 is the error term which is normally 
distributed. The propensity score is 
estimated using the probit model, which 
allows one to identify similar 
characteristics. The propensity score 
ranges from zero to one. Once the 
propensity score is estimated, the average 
treatment effect on the treated (ATT) can 
be expressed as  
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𝑨𝑻𝑻 = 𝑬{𝒀𝒊𝟏 𝑻 = 𝟏} − 𝑬{⁄ 𝒀𝒊𝟎/𝑻 = 𝟏}  
… (2) 

Where, 𝑌𝑖0 𝑇 = 1⁄  is unobservable 
and hence cannot be estimated (Davis et 
al. 2010). If the identification condition is 
satisfied, 𝑌𝑖0 will not differ significantly 
across treatment and control. The 
equation (2) can be rewritten as  

𝑨𝑻𝑻 = 𝑬{𝒀𝒊𝟏 𝑻 = 𝟏} − 𝑬{⁄ 𝒀𝒊𝟎/𝑻 = 𝟎}  
… (3) 

Where Y1 and Y0 are values of 
outcome variables both adopters and non-
adopters of protected cultivation 
technology respectively and i is the farm 
households. 

How to estimate the PSM model? 

Estimating the propensity score 

Run probit /logit model (both models 
produce similar results when estimating 
the probability of individual farmers being 
an adopter and non-adopter. Here we use 
probit model to estimate the propensity 
scores)  

❖ Define treatment indicator: y=1 if 
adopters, y=0 if non-adopters 

❖ Choose X variables 

❖ Obtain predicted propensity score: Pi 

Check overlapping and common support 

❖ Define the region of common support, 
where distributions of Pi for adopters 
and comparison group are 
overlapping. 

Assessing the matching quality 

❖ Check if the distribution of variables is 
balanced across the adopter and non-
adopter groups. Sample t-test and 
standardized bias were used to check 
the matching quality.  

 

 

Choosing a matching algorithm 

Once the propensity score is 
estimated, one needs an algorithm to 
match the covariates of the adopter group 
with that of the non-adopters, based on 
the closeness of their propensity scores. 
Among different matching algorithms, 
most commonly used are nearest neighbor 
matching, caliper matching and kernel 
matching. The nearest neighbor matching 
compares each adopter with a non-
adopter having almost the equivalent 
propensity score.  

However, the nearest neighbor 
matching faces the risk of bad matches, if 
the closest neighbor is far away. This risk 
can be reduced by using caliper matching, 
which imposes a maximum tolerance on 
the difference in propensity scores. Finally, 
kernel matching uses a weighted average 
of all farmers in the adopter group to 
construct a counterfactual. The major 
advantage is that it produces ATE 
estimates with smaller variance as it 
utilizes greater information. 

Estimation of standard errors 

Bootstrapping is used to calculate 
the standard error. There is little formal 
evidence to justify bootstrapping (Imbens, 
2004). Even though, the standard 
bootstrap fails for the case of nearest 
neighbor matching, but is widely applied 
for caliper matching, kernel matching, local 
linear matching etc., for assessing the 
impact of adopted technology. 

 

Matching algorithms

Nearest neighbor 
matching (NNM)

Caliper matching 

Kernel matching

Stratified matching

Mahalanobis 
matching

Local linear 
matching
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RESULTS AND DISCUSSION 

Propensity score model (Probit regression 
model) 

Probit model predicts the probability 
of adoption of the protected cultivation 
technology. Based on the assumption of 
conditional independence, the explanatory 
variables that are significantly influencing 
the adoption of technology are selected. 
The explanatory variables include the age 
of household head, level of education, 
farm size, access to credit, extension 
services, distance from the market, and 
access to the subsidy (Table 1). The Pseudo 
R2 of the probit model estimated is 0.90 
and satisfies the balance requirement. The 
farmers’ who are better educated, 
exposed to extension services, and have 
access to subsidy are more likely to adopt 
the technology. The factors like age, farm 
size, access to credit and distance to 
market were not significant in influencing 
the adoption of technology.  

Table 1: Results of probit estimation of 
propensity scores 

Variables  Coefficient Z 
value 

Age 0.066 1.14 
Education 0.852*** 3.09 
Farm size -0.557 -1.05 
Access to credit 0.378 0.50 
Extension 
services 

1.536** 2.54 

Distance from 
market 

-0.001 -0.19 

Access to subsidy 4.020*** 3.91 
Constant -12.35*** -3.02 
Balancing yes  
Observation 200  
Pseudo R2 0.907  

Note: *** and ** indicate significance at 1 
and 5 % level, respectively. 

 

Checking overlapping and common 
support 

The major assumptions of the 
Propensity Score Matching technique are 
(i) the balancing property (similar 
characteristics between adopters and non-
adopters) and (ii) existence of common 
support (sufficient overlapping). In this 
study, sufficient common support between 
the two groups existed (Figure 1).  

Figure1. Density of Propensity Scores 

Average treatment effect on the treated 
(ATT) 

The impact of the adoption of 
protected cultivation technology on 
farmers’ income was estimated using 
different matching algorithms. The results 
revealed that, farmers who adopted the 
technology have increased their income 
from ₹. 2.02 lakh to ₹. 4.82 lakh compared 
to non-adopters (Table 2). Thus, it is 
revealed that the adoption of protected 
cultivation technology has a robust and 
positive effect on farmers’ income.  

Table 2: Effect of protected cultivation 
technology on farmers income: matching 
estimates 

Estimation 
method 

Effect 
(ATT) 

Bootstrap 
error 

Z 
value 

Income 
(₹./acre) 

   

Nearest 
neighbor 
matching 

482369 28369 12.08*** 

Caliber 
matching=0.0
1 

202856 32349 6.27*** 
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Caliber 
matching=0.1 

481602 91639 5.25*** 

Caliber 
matching=0.5 

470964 23358 20.16*** 

Kernel 
matching 

480602 40143 11.972*** 

Stratification 
matching 

479323 50583 9.476*** 

Average 
estimate
d impact 
on 
income 

432953 

Note: *** indicates significance at 1% 
level 

CONCLUSIONS 

This study analysed the impact of 
protected cultivation on farmer’s income 
using Propensity Score Matching. The 
estimated results revealed that adoption 
of protected cultivation, the farmer’s 
income has increased from ₹ 2.02 lakh to ₹ 
4.82 lakh than the income of counterparts. 
But there are few limitations of this study 
viz., (i) PSM is a quasi-experiment method 
which requires a big sample size to achieve 
proper matching with lesser biasedness, so 
in general use of PSM method for small 
samples is avoided. (ii) It is more or less a 
trial and error method which requires 
proper selection of variables for balancing. 
(iii) Since the selection bias arises due to 
observed variables (like education, age, 
farm size, etc.) there may be biasedness 
due to unobserved covariates (like 
motivation) causing PSM to suffer from 
hidden bias and (iv) it is quite difficult to 
test the basic assumption of PSM before its 
final employment. 
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