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Socio-Economic Determinants of Farmers’ Adoption of 

Rainwater Harvesting Systems in Semi-Arid Regions of 

Pakistan 

I. Jan
1

 

ABSTRACT 

This paper analyzes the socio-economic determinants of Rainwater Harvesting Systems 

(RWHS) in Pakistan. The study was based on a survey of 200 farming households selected 

from two villages in Pakistan. A binary logit model was used to identify determinants of 

RWHS. The study found that the age of respondents, size of non-irrigated land, and 

household monthly income were statistically significant and positively related to the 

adoption of RWHS. On the contrary, variables such as occupation as laborer and 

membership of any Community-Based Organization (CBO), though significant, had an 

inverse effect on the adoption of RWHS. The overall model was significant as shown by 

P< 0.05 which depicts that the socio-economic characteristics of the population are the 

main factors contributing to the adoption of RWHS. The study recommends that 

increased public and private investment and active involvement of Non-Governmental 

Organizations (NGOs) and voluntary organizations for social mobilization are essential 

for the promotion of RWHS in Pakistan.  

Keywords: Agricultural productivity, Monsoon, Non-governmental organizations, Rain-fed 

agriculture. 
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INTRODUCTION 

Rain-fed agriculture accounts for about 

80% of the world‟s agricultural lands and 

contributes to over two-third of the global 

food production (Oweis and Hachum, 2012). 

Although rain-fed agriculture, particularly in 

drought-prone areas, poses considerable 

risks, it is widely accepted that rain-fed 

agriculture will continue to play a key role 

in providing food and livelihoods for the 

burgeoning population of the world (Oweis 

and Hachum, 2009; Rockström et al., 2010). 

Nonetheless, many parts of the world, 

especially Asia and Africa, still exhibit large 

yield gaps, which are not primarily because 

of the lack of water, rather; due to improper 

management of available water (Rockström 

et al., 2010). However, farmers have locally 

managed and stored water resources using 

indigenous knowledge and skills since 

ancient times (Schiettecatte et al., 2005). 

Water harvesting methods formerly 

developed for subsistence are now receiving 

attention because of their potential to 

contribute to increased water supplies for 

agriculture and domestic purposes (Boers 

and Ben-Asher, 1982). 

Water harvesting encompasses methods to 

induce, collect, and store runoff from 

various sources and for various purposes 

(Boers and Ben-Asher, 1982; Schiettecatte 

et al., 2005; Deng et al., 2006). Such water 

capturing practices are being used in many 

parts of the world to meet water scarcity 

problems (van Wesemael et al., 2000; Oweis 

and Hachum, 2006). Water collecting 

initiatives are driven by a number of 

assumptions, such as: (1) There is a huge 

amount of monsoon flow, which remains un-
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captured and eventually ends up in the 

natural sinks; (2) Local water needs are so 

small that exogenous water is not needed; 

(3) Local water harvesting systems are 

always small and are therefore cost 

effective; (4) Since the economic, social, 

and environmental values of water are very 

high in the regions hit by water shortage, 

water harvesting interventions are viable; (5) 

Being small, with low water storage and 

diversion capacities, they do not pose 

negative consequences for downstream users 

(Kumar et al., 2006). Being an ancient and 

highly practiced technique, water harvesting 

remains a significant source of water for 

domestic as well as agricultural purposes 

(Fleskens et al., 2005; Frot et al., 2008) in 

many parts of the world.  

Despite tremendous importance of water 

harvesting in rain-fed agriculture 

(Baiyegunhi, 2015), yield gaps are large, 

especially in developing countries. Absence 

of a clear and sound water policy in rain-fed 

agriculture is one of the reasons for low 

yield and water productivity in these areas 

(Rockström et al., 2007). Besides, 

developing countries are experiencing a 

rapid surge in population (Wallace, 2000; 

Pyagay et al., 2018), with much of it 

expected to occur in less-developed 

countries, where most of the poor live and 

where rain-fed agriculture forms the 

dominant basis for livelihood security 

(Singh et al., 2009). It is estimated that an 

additional 1 billion tons of grain will be 

needed annually by 2025 to meet the food 

demands of the increased population. Most 

of this food increase must be supplied from 

lands already in production, through yield 

improvements (Borlaug, 2001). In past, 

much of the progress in boosting agricultural 

productivity took place in favorable irrigated 

areas, but in the last few decades, the 

emerging evidence indicates that crop 

productivity growth in irrigated areas has 

been slowed down due to decline in 

irrigation expansion. Furthermore, the 

prospects of further irrigation development 

are limited. In such circumstances, rain-fed 

agriculture must be increased to fill the gap. 

The semi-arid regions of the world are 

primarily dependent on rain-fed agriculture, 

where the agricultural productivity of rain-

fed systems is low (Singh et al., 2009). 

Pakistan is primarily an arid country with 

80% falling in the arid and semiarid regions 

(Shah et al., 2011). Today, Pakistan stands 

among the most arid countries with an 

annual rainfall below 240 mm (Farooq et al., 

2007). The rainfall distribution varies 

widely: 60% of rainfall in Sindh and Punjab 

Provinces occurs during the monsoon 

season, i.e., from July to early September. 

Balochistan and the northern mountains 

receive maximum rainfall during October to 

March. Pakistan depends heavily on annual 

glacier melts and monsoon rains. During 

monsoon, 70% of precipitation falls in just 

90 days, and is mostly lost during runoff 

(Zokaib, 2000). 

Agriculture provides food, feed, and fiber 

(Jamshidi et al., 2018), and thus holds a key 

position in the economy of developing 

countries including Pakistan. Mountain 

agriculture, in particular, is largely rain-fed 

in Pakistan (Shahid and Hasnain, 2000). 

Water deficiency is one of the major 

problems that drastically affect rain-fed 

agriculture. Implementing irrigation 

schemes in hilly areas is not economically 

viable because they are time consuming, 

laborious, unsafe and expensive (Koech and 

Langat, 2018). Therefore, rainwater 

harvesting is the most appropriate and 

feasible technique for such hilly areas 

(Ghani et al., 2013). A number of relevant 

techniques such as storage of water during 

rainy seasons and efficient use of the 

harvested water can be adopted to promote 

sustainable agriculture development in the 

rain-fed conditions (Ujjayant, 1998). RWHS 

are simple, cheap, and locally adaptable 

(Reiz et al., 1988). The systems have also 

been shown to improve water use efficiency, 

reduce soil erosion, and increase agricultural 

productivity (Li et al., 1999; Wang et al., 

2005). The objective of this study was to 

analyze the determinants of the adoption of 

RWHS in Khyber Pakhtunkhwa Province of 

Pakistan.  
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Figure 1. Map of Pakistan showing the research villages. 

 

MATERIALS AND METHODS 

This study was conducted in district of 

Mansehra, Khyber Pakhtunkhwa (KP) 

Province in Pakistan. A double-stage 

sampling technique was used to collect data. 

In the first stage, two villages, namely, 

Ghouter and Reerh (Figure 1) were selected 

purposively because of the presence of large 

number of RWHS. It was confirmed from 

the exploratory study that farmers in these 

villages had adopted various RWHS such as 

channels, ponds, tanks, and bunds. There 

were two categories of farming households 

in each village - the adopters of RWHS and 

non-adopters. In the second stage, 50 

„adopter‟ and 50 „non-adopter‟ farmers were 

randomly selected from each category in 

each village. Thus, the total number of 

farmers interviewed was 200. Due to the 

nature of the study, interviews were limited 

to only one male household member who 

was preferably the household head or other 

active farmer in the household. The 

questionnaire was pre-tested and improved 

before the final survey. SPSS ver. 20 was 

used to analyze the data.  

The results of the surveys provide a 

snapshot of adoption of RWHS in the 

research area. Farmers were interviewed to 

obtain information about their adoption of 

any local RWHS, socio-economic conditions 

such as family size, number of working 

household members, income from all 

sources including agriculture, land tenure 

system, crop production per unit area, 

existence of Community Based Organization 

(CBO), their membership of a particular 

CBO, and their willingness to cooperate 

with any CBO in their area. Participants of 

the survey represented a wide range of ages, 

land tenure and farming system, and socio-

economic conditions. Farmers were 

interviewed one-to-one. The interviews were 

conducted from June to September, 2014. 
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Table 1. Descriptive statistics of the variables used in the logit model. 

Variable Description  Minimum Maximum Mean/ 

Proportion
a
 

Standard 

deviation 

PARWHS (DV) Participation in RWHS   50  

AGRESP Age of respondents 18 85 45.25 16.21 

EDRESP (c) Education status   76  

OCNONE (c) Occupation (Jobless)   5  

OCFARM (c) Occupation (Farming)   61  

OCSERV (c) Occupation (Services)   12  

OCBUSN (c) Occupation (Business)   9  

OCLABR (c) Occupation (Labor)   13  

NOHHWM Number of working HH members 1 6 1.76 0.99 

NIRIGLD Non-irrigated Land (Jarebs) 0 26.25 4.42 4.55 

TMINHH Household monthly income (PKR) 14167 91667 32640 14743 

MEMCBO (c) Membership of any CBO   23.5  

WANCBO (c) Want to cooperate with any CBO   59.5  

a
 In case of categorical/dummy variable. 

 

The Empirical Model 

In theory, the adoption of new agricultural 

technology and active participation in new 

agricultural interventions depends on a 

number of factors viz., personal 

characteristics, socio-economic 

characteristics, landholding and land tenure 

system, and farmer‟s awareness and 

competence regarding the technology in 

question (Neupane et al., 2002; Sheikh et 

al., 2003; Chianu and Tsujii, 2004; Sidibé, 

2005; Valizadeh et al., 2018). In this paper, 

a number of socio-economic factors are 

hypothesized as the core determinants of the 

adoption of RWHS. The list of prospective 

determinants of adoption of RWHS and their 

descriptive statistics is given in Table 1. The 

outcome variable is in dummy form and 

indexes if the farmer has adopted or not 

adopted the RWHS.  

Model Specification 

The outcome variable defined as Y equals 

to 1 if the household has adopted RWHS, 

and 0 if otherwise. For binary outcome 

variables, the most widely used statistical 

technique is binary regression (Neupane et 

al., 2002; Baiyegunhi, 2015), the logit 

equation form of which is expressed as 

follow:  

exp( )
( 1)

1 exp( )

x
P prob Y

x
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1

n

i ki
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   (2) 

Moreover, 

exp( )
1-

p
x

p


  (3) 

Providing the ultimate form of the Logit 

model as: 

1
ln

p
x

p



    (4) 

Where,  
1

ln
p

p
is denoted 

as Logit (p), i.e.: 

 

 

0 1 1 2 2( ) ......... k kLogit p x X X X         

     (5) 

In this model, each of the  represents log 

odds ratio. In order to get the results of the 

model in terms of odds ratios, we take the 

exponential of the s, i.e. 

Odds ratio= Exp() 
 

An odds ratio represents how much likely 

Y= 1 is, as compared to Y= 0, corresponding 

to a given explanatory variable X. In other 
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Table 2. Definition of the explanatory variables used in the probit model. 

Variable  Measurement  Expected sign 

Age of respondents  Continuous (Years) +/- 

Education of respondents  Binary (= 1 if educated, 0 otherwise) + 

Occupation Categorical  +/- 

Number of working household members Continuous + 

Non-irrigated Land  Continuous(Jarebs)
a
 + 

Household monthly income  Continuous (PKR)
b
 + 

Membership of any CBO Binary (= 1 if Yes, 0 otherwise) + 

Want to cooperate with any CBO Binary (= 1 if Yes, 0 otherwise) + 

a
 1 Jareb= 0.2 Hectares, 

b
 Pakistani Rupees (1 USD = 155 PKR or 1 PKR = 273 Iranian Rials as of February 2020 

conversion) 

 

words, we can say that the odd ratio 

determines the likelihood of a household‟s 

adoption of RWHS as compared to non-

adoption, corresponding to a set of the 

socio-economic characteristics. The 

description of the explanatory variables used 

in the empirical model and their expected 

signs are given in Table 2. 

RESULTS AND DISCUSSION 

Description of the Explanatory 

Variables 

A vector of potential factors is considered 

as the core determinants of adoption of 

RWHS in the research villages. The 

descriptive statistics of the determinants 

(explanatory variables) used in the empirical 

model are provided in Table 1. 

AGRESP measures Age of Respondents 

and is hypothesized to be an important 

determinant of RWHS in the research area. 

Evidence shows that age has been an 

important determinant in adoption studies 

(He et al., 2007; Baiyegunhi, 2015). In 

principle, age is considered to have an 

inverse relationship with adoption of a new 

technology. The theory of human capital 

states that the chances of adoption increases 

with younger age (Sidibé, 2005) and vice 

versa. The mean age of respondents was 

recorded as 45.25 years with the standard 

deviation of 16.21. Based on the mean value 

of age, which is neither too high nor too low, 

it was difficult to make a reliable priori 

expectation of the net effect of age on 

adoption of RWHS. Therefore, both positive 

and negative effects of age on adoption were 

anticipated in this study.  

EDRESP measures Education status of the 

Respondents. The variable is used in dummy 

form, which indicates if the farmer is 

educated or not. The summary statistics 

revealed that 76% of farmers were educated 

and the remaining 24% were uneducated. 

The theoretical framework to include this 

variable in the model is that the level and 

quality of human capital affects the choice 

of new technologies in agriculture (Feder et 

al., 1985). Education of the respondents has 

been used as an important and influencing 

factor in the adoption studies (Adesina and 

Chianu, 2002; He et al., 2007). Farmers with 

higher level of education were more likely to 

adopt agriculture technologies as compared 

to less educated or uneducated farmers (He 

et al., 2007). Therefore, in this study the 

education of farmers is used as an important 

influencing factor for adoption of RWHS. 

Based on the higher proportion of educated 

respondents in the overall sample, the 

expected sign of the variable in the model 

was positive. 

Occupation of the respondents is another 

prospective influencing factor determining 

the adoption behavior of farming 

households. In the empirical model, 

occupation of respondents is used as 

categorical variable. Descriptive statistics 

revealed that 5% of the sample respondents 

were jobless (OCNONE), 61% were 

Farmers (OCFARM), 12% were in Services 

(OCSERV), 9% were doing Business 
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Table 3. Logit regression estimates of the coefficients associated with variables affecting the adoption of 

RWHS. 

Variable  Coefficients  Standard error Significance Odd ratios 

AGRESP 0.040 0.021 0.058 1.040 

EDRESP (c) 0.560 0.604 0.353 1.751 

OCFARM (c) -0.253 1.413 0.858 0.777 

OCGOVS (c) 0.342 0.782 0.662 1.407 

OCBUSN (c) 1.431 1.121 0.202 4.185 

OCLABR (c) -2.154 1.249 0.085 0.116 

NOHHWM 0.359 0.330 0.278 1.432 

NIRIGLD 0.185 0.082 0.024 1.203 

TMINHH 1.367 1.814 0.043 3.818 

MEMCBO (c) -1.545 0.896 0.085 0.213 

WANCBO (c) 0.025 0.660 0.970 1.025 

Constant -1.238 1.309 0.344 0.290 

No of observation  200    

-2 Log likelihood 115.551    

Chi-square  (11) 23.78


    

** P< 0.05 

 

(OCBUSN), and 13% were Laborers 

(OCLABR).  

NOHHWM measures the Number of 

Household Working Members in a 

household. The variable is used in 

continuous form with a mean value of 1.76 

and a standard deviation of 0.99. The priori 

expectation was that this variable would 

positively influence the dependent variable.  

NIRIGLD measures the size of the Non-

Irrigated Land of the household. Possession 

of land is an important determinant of the 

adoption of agriculture related innovations 

and technology (Sheikh et al., 2003; 

Senkondo et al., 2004; Sidibé, 2005; 

Abbasian et al., 2017). In this particular 

model, possession of non-irrigated land is 

used as an explanatory variable. The 

theoretical underpinning for using this 

variable is that the likelihood of a household 

to adopt RWHS increases with possession of 

more non-irrigated land and vice versa. The 

mean size of non-irrigated land was 

recorded as 4.42 jarebs with a standard 

deviation of 4.55. It was anticipated that the 

variable would positively influence a 

household adoption behavior.  

TMINHH measures Total Monthly 

Income of a Household. Income of a 

household is another potential factor that 

may influence a household‟s adoption 

behavior (Baiyegunhi, 2015). The choice of 

a new technology or intervention is strongly 

influenced by the income level of a 

household. If the intervention is agriculture 

related, household income from agriculture 

is more specifically important in the 

decision of a household to adopt an 

intervention. TMINHH is used as a 

continuous variable in this study with a 

priori positive expectation. The mean value 

of the variable is PKR 32,640 with a 

standard deviation of 14,743. 

MEMCBO measures Membership of 

respondents in any CBO. Participation in 

various types of social groups is a common 

element of village life and plays an 

important role in the spread of knowledge, 

information, and innovation (Baiyegunhi, 

2015). The higher the degree of 

connectedness between members of a 

community, the more easily people would be 

able to share and transfer information about 

pros and cons of a technology (Baiyegunhi, 

2013). Furthermore, members of the CBOs 

are entitled to provisions such as credit and 

trainings, which may be used as an incentive 

to adopt a technology (Sidibé, 2005). Based 
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on the empirical evidence of membership in 

any CBO as an important determinant of 

adoption of agricultural technology, this 

variable was included in the model as a 

potential influencing factor in the adoption 

of RWHS. It was hypothesized that this 

explanatory variable will positively 

influence the outcome variable. Descriptive 

statistics reveal that 23.5% of the 

respondents confirmed that they were 

members of CBO in the village.  

Despite tremendous importance of 

participation in social groups in village life, 

it is not necessary that all members of a 

community cooperate with the CBO. One of 

the few important reasons of non-

cooperation is passive participation of the 

community people in the CBO activities. 

Therefore, the response of the community 

members who were unaware of the existence 

of CBO in their village was recorded if they 

would cooperate with CBO in their village. 

The variable WANCBO used in the model is 

in binary form where 59.5% of the 

respondents noted to cooperate with any 

CBO in their area. This is an encouraging 

point for strengthening the social capital of 

the community, which is important for 

adoption of RWHS. 

Empirical Results 

Logit regression estimates of the 

coefficients associated with variables 

affecting the adoption of RWHS in the 

research villages are presented in Table 3. 

The table also represents the odd ratio i.e. 

Exp(B) which determines the effects of 

explanatory variables on odds of adoption of 

RWHS. The results further indicate that 

explanatory variables such as age of the 

respondents, occupation being a laborer, 

possession of non-irrigated land, household 

monthly income, and membership of any 

CBO had a statistically significant effect on 

the adoption of RWHS.  

The results of the logit model show that 

AGRESP has a statistically significant and 

positive relationship with adoption of 

RWHS in the research area. This is a 

positive sign and can be attributed to the fact 

that older farmers were more experienced, 

understood the importance of the technology 

adoption, were more likely to have more 

money in saving, and were more likely to 

adopt RWHS. However, the results are in 

contrast with those of He et al. (2007) and 

Baiyegunhi (2015) who found a negative 

impact of age on adoption of RWHS in 

China and South Africa, respectively. 

The results of the model also show that 

Occupation of the respondents as Laborer 

(OCLABR) was statistically significant but 

negatively/inversely proportional to 

adoption of RWHS. It implies that the 

adoption of RWHS decreases with the 

occupation of the respondents being labor. 

This may be attributed to laborers having 

lesser income and being more likely to have 

less land. As such, the likelihood of adoption 

decreases with this profession, which makes 

theoretical sense.  

As hypothesized, NIRIGLD was 

statistically significant with positive sign. 

The results of the Exp(B) suggest that for 

every 1 unit increase in the size of non-

irrigated land, we expect a 1.203 times 

increase in the log-odds of adoption. This 

implies that the probability of adoption of 

RWHS increases with increase in the size of 

non-irrigated land (Sidibé, 2005).  

TMINHH has statistically significant and 

positive effects on adoption of RWHS, i.e. 

households having higher monthly income 

are more likely to adopt RWHS. This 

finding is consistent with our expectation 

and with literature (Baiyegunhi, 2015). The 

odds ratio for income is 3.818, which 

indicates that with an increase of 1 unit in a 

household‟s income, the probability of 

adoption of RWHT increases by 3.818 

times.  

Membership of a CBO (social capital) 

plays an important role in a household 

decision to adopt RWHS. The members of 

CBO are participating frequently in social 

activities and are more likely to be aware of 

the benefits of adopting RWHS. MEMCBO 

has a statistically significant but negative 
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relationship with adoption of RWHS. This 

means that in case of the binary response 

variable (MEMCBO), the likelihood of 

adoption of RWHS decreases with the 

membership of the CBO. These results are 

opposite to our hypothesis and could mainly 

be attributed to the fact that only 23.5% of 

the farmers in the overall sample were CBO 

members (Table 1). The results are in 

contrast with those of Birungi and Hassan 

(2007) and Katungi et al. (2007) who found 

a positive association between 

connectedness to social groups and early 

adoption of technologies.  

Finally, the results in Table 3 show that 

the overall model fits well to the data, as 

shown by the log-Likelihood Ratio (LR) test 

of -2 log likelihood value of 115.551 with a 

P-value less than 0.05. This implies 

existence of a significant relationship 

between the log of odds, and hence, odds of 

adoption of RWHS and the explanatory 

variables included in the model. As such, 

these variables contribute significantly to the 

explanation of RWHS adoption behavior of 

the sample farmers (Neupane et al., 2002).  

CONCLUSIONS 

The results of the binary logit model 

depict that the age of respondents has a 

significant and positive effect on adoption 

behavior of the respondents, as elder farmers 

are more experienced and are more likely to 

have more savings, which are critical factors 

for technology adoption. Similarly, variables 

such as occupation as laborer, size of non-

irrigated land, monthly income of the 

farmers‟ household, and membership of any 

CBO (social capital) were also significant in 

the model. However, negative signs of the 

coefficients of the two variables, viz. 

occupation as laborer and membership of 

any CBO reveal that they have inverse 

relation to adoption of RWHS. Therefore, 

socio-economic characteristics of farmers 

contribute significantly to the RWHS 

adoption behavior of the sample farmers. It 

is recommended that due to the available 

potential for rainwater harvesting in the 

research area, there is a need for increased 

public and private investment in promotion 

of RWHS. Furthermore, efforts should be 

made to increase connectedness of local 

people in social networks. For this purpose, 

the government, NGOs, and other voluntary 

organizations should play their role to 

organize local people in different social 

groups. This will certainly increase the inter-

connectedness of people and expose them to 

more trainings and awareness, and thus, will 

affect adoption of RWHS in future.  
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اقتصادی تعییه کىىدٌ پذیزش ساماوٍ جمع آيری باران تًسط -عًامل اجتماعی

 ویمٍ خشک پاکستان کشايرسان در مىاطق

 ا. جان

 چکیدٌ

( در RWHSساماوٍ جمغ آيری تاران ) اقتصادی تؼییه کىىذٌ -در ایه مقالٍ، ػًامل اجتماػی

خاوًار کطايرس اوتخاب ضذٌ در دي  022پژيَص مزتًطٍ تز مثىای وظز سىجی اس  پاکستان تحلیل می ضًد.

( تزای  binary logit modelريستا در پاکستان اوجام ضذ. تٍ ایه مىظًر اس یک مذل يريد تایىزی )

آماری، سه  ساماوٍ جمغ آيری تاران استفادٌ ضذ. وتایج وطان داد کٍ اس وظزضىاسایی ػًامل تؼییه کىىذٌ 

درآمذ ماَاوٍ خاوًار تا پذیزش ساماوٍ جمغ آيری تاران پاسخ دَىذگان، اوذاسٌ سمیه آتیاری وطذٌ، ي 

راتطٍ مؼىادار ي مثثتی داضتىذ. تز ػکس، متغیز َایی ماوىذ وًع ضغل تٍ ػىًان کارگز ي ػضًیت در َز 

( تاثیز مؼىادار ي مؼکًسی تز پذیزش ساماوٍ جمغ آيری تاران داضت. تٍ طًر CBOوُاد مثتىی تز جامؼٍ)

اقتصادی -مؼىادار تًد ي ایه وطان می دَذ کٍ يیژگی َای اجتماػی p<0.05کلی ایه مذل در سطح 

است. تز پایٍ تًصیٍ ایه آسمایص، تزای گستزش  جامؼٍ ػًامل اصلی در پذیزش ساماوٍ جمغ آيری تاران

ساماوٍ جمغ آيری تاران در پاکستان، ایجاد حزکتی اجتماػی تا افشایص سزمایٍ گذاری ػمًمی ي 

 ( ي ساسمان َای دايطلة ضزيری است.NGOال ساسمان َای غیز ديلتی )خصًصی ي مذاخلٍ فؼ
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