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ABSTRACT Rainwater harvesting techniques are required to obtain a sustainable supplemental water source for
groundwater, which is being depleted through time in arid and semi-arid countries including Eritrea. The aim of this
study was to examine the factors that influence farmers’ decisions to adopt rainwater harvesting techniques in
Central Province (Zoba Maekel) of Eritrea, using a household survey of 307 farmers and a Probit model. The
results showed that farmers who participated in a seed multiplication program, received extension services, and
accessed credit were more likely to adopt water harvesting technology. The study recommends that the government
should promote an integrated and holistic approach in order to provide technical and institutional support for
farmers in order to sustain scarce water resources by enhancing access to credit, facilitating more extension service
and encouraging farmers’ seed networks for agricultural development.
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INTRODUCTION

Rainwater harvesting technology (RWHT)
optimizes the utilization of rainwater (Yosef and
Asmamaw 2015). Water harvesting technologies
improve the water available for crop production.
Rainwater harvesting (RWH) has been practiced
for many years and is essential in areas with
adequate rainfall but without convectional wa-
ter supply systems or where the ground water is
lacking (Munyaneza et al. 2016).

Rainwater harvesting entails trapping and
using runoff water more efficiently, thus improv-
ing food production and productive water use
(ICARDA 2014). When there is no other water
supply or no prospect of water, RWHT is a fea-
sible way of sourcing water in challenging cli-
matic extremes. Moreover in areas where lands
are arid and semi-arid with a low precipitation,
ground levels are very deep. In remote and scat-
tered human settlements, RWHT is often used
as a solution for water supply. Even if the impor-
tance of RWH has grown drastically in the last
20 years, the initial construction capital is high

and thus limits use in resource-poor communi-
ties (Nijhof and Shrestha 2010).

Agriculture is challenging in sub-Saharan
African countries due to arid and semi-arid en-
vironments. Marginal agricultural production is
observed because natural resources are over-
exploited including lack of effective management
of water, triggered by a quickly increasing pop-
ulation and poor land-use management practic-
es (Murgor et al. 2013; Radhouane 2013; Jose
and Padmanabhan 2016; Joshua et al. 2016). Erad-
ication of poverty and food insecurity will con-
tinue to be a challenge unless sustainable food
production is affected. Otherwise it will be diffi-
cult to achieve the 2030 agenda for sustainable
development goals of ending poverty and hun-
ger (Kirk et al. 2015).

The main aim of the RWH is to alleviate the
lack of rain to cover household needs and pro-
ductive use (Yazar and Ali 2017). In Eritrea, com-
munities use various techniques to access wa-
ter for planting crops. Water is usually diverted
before planting during floods (flowing in short
duration) for farming purposes. The diverted
floodwater soaks into the soil, thus providing
residual water for crop growth (Tesfai and
Stroosnijder 2001).
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Even though there are a number of studies
on Rainwater Harvesting Technology (RWHT),
the relationship thereof to socio-economic vari-
ables in Eritrea is rare. Most studies focus on
the type of technology of RWH practices, but
rarely on the socio-economic and institutional
aspects, which influence farmers’ adoption of
RWHT. Ghebreyohannes (2006) highlighted the
importance of socio-economic factors on water
harvesting and food security in Eritrea using a
desktop study. However, his study is not suffi-
ciently rigorous. Akroush et al. (2017) examined
the socio-economic and institutional factors on
adopting RWHT in Jordan. Xue-Feng et al. (2007)
evaluated the factors, which the influence farm-
ers’ decisions to adopt RWH in China. Murgor
et al. (2013) examined the factors, which deter-
mine farmers’ decisions to adopt RWHT in Keiyo
district of Kenya. Shikur and Beshah (2012) iden-
tified factors, which impact the adoption of trap-
ezoidal RWH structures.

The potential impact of RWH has focused
on crop yields, water and perception, adoption
and farm income (Kosgei et al. 2007; Sturdy et al.
2008; Vohland and Barry 2009; Munyaneza et al.
2016). In view of the significant contribution of
RWHT to farming, this research contributes to
bridging the knowledge gap by rigorously ex-
amining the cause of farmers’ choices of non-
adoption of RWHT. Furthermore, the size of the
sample surveyed enhances reliability and bring
rigor to the results.

Objectives of the Study

The main objective of this study was to in-
vestigate factors, which influence farmers’ deci-
sions on adopting RWHT in Central Province of
Eritrea. The findings would serve as an input for
policymakers. The specific objective of the study
was to identify the cause of non-adoption of
RWHT and analyze the socio-economic charac-
teristics of the respondents. This study has im-
plications, not only from an Eritrean perspec-
tive, but also for arid and semi-arid regions to
aid in sustaining globally scarce water resourc-
es. The study also answers the following re-
search questions: What are the factors that in-
fluence farmers’ decisions to adopt RWHT? Does
the adoption of RWHT impact farmers’ produc-
tivity and livelihood? Does the socio-economic
characteristics impact farmers’ decisions to adopt
RWHT? The hypothesis is formulated on the

stated aim and specific objective. The null hy-
pothesis is: The institutional factors do not af-
fect (access of credit, extension service, seed
multiplication and others) farmers’ decisions to
adopt RWHT? Socio-economic characteristics
do not affect farmers’ decisions to adopt RWHT?
The RWHT does not enhance farmers’ produc-
tivity and livelihood?

METHODOLOGY

Overview of the Study Area

Eritrea is an arid to semi-arid country and is
mainly dependent on rain-fed agriculture. The
country is part of Sahelien Africa, which has
been characterized by recurrent and devastat-
ing droughts (Gherezghiher 2010).  Eritrea is lo-
cated in the horn of Africa, has a land area of
12.2 million hectares, and borders Sudan, Ethio-
pia, Djibouti and the Red Sea. The population of
Eritrea accounted 5.5 million with an annual pop-
ulation growth of 2.9 percent.  The central prov-
ince is one of the six administrative provinces of
Eritrea. Rena (2008) stated that the Eritrean eco-
nomic growth sector relies on agriculture, fish-
ing, light industry, and services such as tour-
ism. The central province is located at longitude
of 380 41' 36'’ - 390 3' 00'’ East and Latitude 150 34'
36'’ North and is divided into four districts, namely
Asmara, Gala-Nefhi, Berik and Serejeka, with 59
administrative and 89 villages (Bahta and Haile
2013). The study was carried out in sub Gala-
Nefhi, Berik, and Serejeka districts.

According to the statistical figures of 2008,
the population of the Central province account-
ed 591,368 consisting of 139,921 households;
out of which twenty-seven percent is involved
in agriculture, 23.5 percent in services and trade,
eighteen percent in handicrafts and manufac-
turing, 7.5 percent in civil service, and twenty-
four percent in casual labour (Zoba Maekel
Administration [ZMA] 2009).

Sample Design and Data Collection

A multi-stage sampling technique was used
in this study. In the first stage, from four dis-
tricts (Asmara, Gala-Nefhi, Berik and Serejeka),
three districts (Gala-Nefhi, Berik, and Serejeka)
were randomly selected. Each district is regard-
ed as a stratum. The second stage, included 120
farm household heads who were randomly se-
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lected using a sample frame from the Director of
Agriculture in each district.

Households were the unit of analysis and
primary data were collected using semi-struc-
tured questionnaires. To collect quantitative data
on households, questionnaires were adminis-
tered per district. Three-hundred and sixty
households were randomly selected from the
three districts (120 households per district). Of
the 360 households, 307 responded, the others
(53 households) did not respond for different
reasons (Table 1). Eighty-four respondents were
from Galanefhi district (27%), 106 from Berik dis-
trict (35%), and 117 from Serejeka district (38%).
Information was collected from November 2011
to December 2012.

Conceptual and Analytical Framework

Conceptual Framework

The theory of utility was the base for the
conceptual framework. A farmer’s decision to
adopt RWHT is a binary choice and thus a Pro-
bit Model was used. A Probit Model was pre-
ferred, because of the normal distribution of the
respondents and it was easier to compute the
marginal effects (Bahta et al. 2017). Studies re-
lated to adoption of technology mostly use the
Probit Model, because everyone have a chance
to participate in RWHT and the respondents do
not lose anything by participating. The Probit
Model was applied in recent adoption studies
(Gebregzibher et al. 2016; Kifle et al. 2016; Kha-
tri-Chhetri et al. 2017; Mittal and Mehar 2016;
Maguza-Tembo et al. 2017). For farmers to de-
cide on whether to adopt RWHT, he/she prima-
rily studies the benefit gained from participating
in adoption of technology. If the benefit gained
from adoption of rainwater harvesting technol-
ogy (Rwht) is greater than not adopting rainwa-
ter harvesting technology (Rwhtn), then the
farmer is more probable to adapt to the technol-
ogy, thus, Rwht > Rwhtn. The farmer’s decision
to adopt RWHT relies on socio-economic vari-
ables. Following the work of Maddala (2001),
the model written as:

(1)

The probability of farmers’ decisions to adapt
RWHT is expressed by equation (3):

(3)

Where RWHTi represents the observable vari-
able, rwht

i
* represents a latent dependent vari-

able, x’
i
 represents a (M x 1) vector of indepen-

dent variables, η is a (1 x M) unknown parame-
ter, and μ

i
 represents the error term. P represents

the probability, and f is the cumulative probabil-
ity distribution.

The marginal effect indicates the effect of
unit change in each independent variable on the
dependent variable. Taking the partial deriva-
tives of (1) with respect to x

i
 gives the respec-

tive marginal effects. The marginal effect of a
variable is the effect of a unit change of this
variable on the probability P (RWHT = 1|X = x),
given that all other variables are constant. The
marginal effect is expressed as follows (4):

(4)

Analytical Specification of Probit Model

Farmers’ decision to adapt RWHT is ex-
pressed as (5).

(5)

Where RWHT’
i
 represents adoption of rain-

water harvesting technology (0 if farmers did
not adopt RWHT and 1 otherwise), Credit

i
  rep-

resents access to credit (0 if farmers did not have
accesses to credit and 1 otherwise), Seedmp

i
 rep-

resents seed multiplication (0 if farmers did not
participate in a seed multiplication program and
1 otherwise), Extension

i
  represents extension

contact (0 if farmers did not access extension
contact and 1 otherwise),  Remittance

i 
represents

remittances (0 if farmers did not receive remit-
tances and 1 otherwise), Hiredlabor

i
 represents

hired labour (0 if farmer did not have the capac-
ity to hire labour and 1 otherwise), Radio

i
 repre-

sents radio (0 if farmers did not own a radio set
and 1 otherwise), Cellphone

i
 represents cellular
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phone (0 if farmers did not own a cellular phone
and 1 otherwise), Gender

i
 represents gender (0

if farmers were male and 1 otherwise), Marital
status

i
 represents marital status (0 if farmers were

not married and 1 otherwise), Age
i
 represents age,

Education
i
 represents level of education (years

farmers spent in formal school), Nutrition
i
 repre-

sents (number of children in the household), and
e

i
 represents the error term. Maximum likelihood

procedure was applied to estimate the parame-
ters specified in equation (5). This study pre-
ferred the maximum likelihood procedure over
ordinary least square (OLS), due to efficiency
and more reliable estimates. Moreover the de-
pendent variable is binary.

Testing for Multi-Collinearity-Model
Adequacy Test

Multi-collinearity may cause wrong conclu-
sions about the correlation among independent
variables, while the model may be significant.
Correlation matrix tests are carried out to detect
the presence of multi-collinearity (Gujarati 2003).
Bonate (2011) highlighted that multi-collinearity
measured and assessed off-diagonal elements
r

ij
 in X¹ X.  If regressors’ x

i
 and x

j
 are nearly linear-

ly dependent, then r
ij
 will be near unity. There-

fore, a correlation coefficient more than 0.90
shows multi-collinearity.

Table 2 shows the correlation matrix among
independent variables and the results indicated
that there was no linear relationship among the
explanatory variables, indicating that there is not
a multi-collinearity problem in the model. As a
result the Probit Model is the perfect fit for such
an analysis.

RESULTS  AND  DISCUSSION

Socio-economic Characteristics of Respondents

Demographic and socio-economic character-
istics played a significant role in farmers’ deci-
sions to adopt technology (Gautam and Ander-
sen 2016). Most of the respondents were male
(71.7%), of which 77.4 percent were from Gala
Nefhi, 75.5 percent from Berki and 64.7 percent
from Serjeka districts. Respondents’ ages ranged
from 13.4 percent for 18-34 years, 15.6 percent
for 35-44 years to 71 percent for 45 years and
above (Table 1). Most respondents were mar-
ried (79.5%), 16.3 percent divorced or widowed T
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and 4.2 percent were single (Table 1).  The aver-
age household size was seven persons. The
study revealed that 22.5 percent were illiterate,
about 30.3 percent had primary schooling, 27
percent secondary schooling and 20.2 percent
had a higher education. Education enables peo-
ple to discover existing opportunities in the pro-
duction process (Baiyegunhi 2015).

Access to credit is vital to expand farm en-
terprise, however, the study found that there
was limited access to credit for farmers, particu-
larly women. Only twenty-nine percent of farm-
ers had access to credit, of which fourteen per-
cent were women. Bahta et al. (2017) found that
women are less likely to be able to access credit.

Approximately half (47%) of the respondents
had access to extension services, of which
eighty-eight percent were men. Maoba (2016)
highlighted that extension services provide the
necessary information to enhance production.
Moreover, twenty-three percent of the respon-
dents participated in seed multiplication pro-
grams, of which eighty-eight percent were men.
Coomes et al. (2015) and Bahta et al. (2017) em-
phasized the importance of a farmer seed net-
work for agricultural development. Adequate
supply of water is required to sustain agricultur-
al production. Thus, respondents were intro-
duced to RWHT to collect rainwater for sustain-
able agricultural production and to ensure a sus-
tainable water resource management. Out of the
nine percent who received remittances, the ma-
jority were men (66%). Agriculture is labor inten-
sive and additional labor (hired) is required to
carry out various activities in the value chain.
The majority of respondents (92%) depended on
family labor while eight percent hired extra labor
to work on the farm. Graeub et al. (2016) men-
tioned that worldwide, farmers mostly relied on
family labor for farm management and operation.

Empirical Results of Probit Model

The results of the model and marginal ef-
fects are presented in Table 3. The marginal ef-
fect showed the effect a unit change had on a
probability variable of RWHT adoption.

The model was statistically significant and
fit as indicated by the likelihood ratio chi-square
of 39.19 (p-value of 0.0001) and an increasing
pseudo R². Table 3 indicated that availability
credit access (Credit) seed multiplication pro-
gram (Seedmp) access to extension service (Ex-
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tension), gender (Gender) and age (Age) were
statistically significant. Credit and seed multi-
plication had the greatest impacts on RWHT
adoption to ensure sustainable water resource
management. This is in contrast to Akroush et
al. (2017), who found that credit and age were
not significant in the decision to adopt RWHT.

In most developing countries, the main ob-
stacle farmers have in adopting modern tech-
nologies and inputs is a shortage of capital and
lack of finance, which includes cost of labor,
transportation, and construction material. The
coefficient availability of credit, was strongly
significant at five percent and had a positive
impact on probability of RWHT adoption. The
marginal effect of 0.107 showed that respondents
were more likely to increase their probability of
adoption of RWHT by 10.7 percent. Credit ac-
cess could enable farmers to finance their own
RWH systems and enhance their productivity.
Rainwater harvesting is a feasible water sourc-
ing option in challenging climatic extremes. There
is also the possibility that farmers’ incomes are
enhanced if RWHT is combined with income
generating activities and programs. Without
collateral, farmers do not have access to credit
and without credit they cannot buy the material
or apply technologies required for adoption of
RWHT and enhance production. If the produc-

tion level is not sufficient, it leads to food inse-
curity. Without improving farmers’ access to re-
sources or credit, it becomes challenging to
achieve a desired level of efficiency and subse-
quently has a long-term effect on food security.

Extension services positively correlated with
the probability to adopt RWHT and was highly
significant at a ten percent level. Respondents’
contact with extension services increased by one
percent, and their probability to adopt RWHT
increased by 8.8 percent. Respondents who re-
ceive extension services such as training are
probably exposed to different RWH techniques,
which in turn leads to improved household food
security. Improving farmers’ capability to invest
in technology would improve their long-term fi-
nancial security. Improving farmers’ knowledge
of different RWHT through an extension servic-
es was also a vital in developing self-esteem
and a sense of independence. Access to infor-
mation and resources, training and prospects to
participate in on-farm activities through contact
with extension officers enhances a farmer’s ca-
pability to adopt RWHT (Baiyegunhi 2015).

Respondents who participated in seed mul-
tiplication programs were positively correlated
with the possibility to adopt RWHT at a highly
significant five percent level. The results show
that as respondents’ seed multiplication in-

Table 3: Estimated coefficient for the probit regression and marginal effect

Variables Parameter Coefficients Average Standard   z-statistics    Probability
marginal effects   error

Constant δ0 0.034 - 0.529 0.06 0.949
Credit δ1 0.447 0.107 0.188 2.37 0.018**

Seedmp δ2 0.383 0.092 0.197 1.94 0.050**

Extension δ3 0.367 0.088 0.255 1.87 0.062***

Remittances δ4 0.338 0.081 0.295 1.33 0.184
Hired labour δ5 0.160 0.038 0.571 0.54 0.588
Radio δ6 -0.289 -0.069 0.222 -0.51 0.613
Cell phone δ7 -0.039 -0.009 0.235 -0.18 0.860
Gender δ8 0.292 0.070 0.254 -1.24 0.214
Marital status δ9 0.044 0.011 0.077 0.17 0.862
Age δ10 -0.281 -0.067 0.070 -3.66 0.000*

Education δ11 0.075 0.018 0.034 -1.07 0.286
Number of children δ12 0.037 0.009 0.529 1.10 0.273
Wald Chi-square δ1=...=δ12 = 39.19 (0.0001)∗

Log pseudo -132.75694
likelihood
Pseudo R2 0.1247

***Significant at 1%, ** significant at 5% and *** significant at 10%
Probit regression estimation using the STATA-11 software
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creased by one percent, their probability to adopt
RWHT increased by 9.2 percent.

The average age of respondents was 50 years
and forty-nine percent were older than 55 years.
Older respondents were less likely to adopt
RWHT by 6.7 percent. The reason might be that
older farmers are not prepared to take risks or
adopt new technologies or practices. As age in-
creases farmers are more conservative, become
more reluctant to adopt new technologies and
prefer their indigenous methods. This is consis-
tent with the study of Baiyegunhi (2015) who
found that younger farmers had a better chance
of applying new knowledge and technologies.

The results also showed a significantly pos-
itive relationship between gender and RWHT
adoption, suggesting that men were 7 times more
likely than women to adopt RWHT. This result
is consistent with Tanellar et al. (2014) who also
found that men were more likely than women to
adopt farming technology.

The other variables were not significant, but
remittance, hired labor and education level were
more likely to increase the probability of RWHT
adoption. This finding is similar to that of Ak-
roush et al. (2017) where farmers with higher edu-
cation levels were more likely to adopt RWHT.
Assets radio (Radio) and assets cellular phone
(Cellphone) reduced the probability of RWHT
adoption. Respondents who received remittance
from relatives were more likely increase their prob-
ability of adopting RWHT by 8.1 percent.

CONCLUSION

This study examined the factors that influ-
ence farmers’ to adopt RWHT in central Eritrea.
More specifically, the study identified the cause
of non-adoption of RWHT and analyzed the
socio-economic characteristics of the respon-
dents. Conclusions were drawn, which provid-
ed insight on ways to increase the adoption of
RWHT in central Eritrea. Firstly, RWHT should
be integrated taking into consideration farmers’
age, gender, credit, seed multiplication program,
and access to extension services. The important
lesson from the study is that ignoring socio-
economic characteristics of farmers could lead
to misdirected targeting of RWHT and unsus-
tainable water resource management. Secondly,
the benefit of RWHT were highly correlated with
the socio-economic conditions of respondents.
In a semi-arid area like Eritrea, increasing farm-

ers’ knowledge and perception of rainwater har-
vesting techniques is important for developing
self-confidence and the sense of independence.
Improving farmers’ capability to invest in tech-
nology and to secure their rights to resources
would definitely improve their long-term finan-
cial security and household food security.

Thirdly, when there is no other water supply
or no prospect of water, RWHT has been con-
firmed to be a feasible water source in challeng-
ing climatic extremes. The study recommends
that to ensure water resource management, the
government should promote an integrated and
holistic approach to provide technical and insti-
tutional support for farmers. In this way, scarce
water resources are sustained by enhancing ac-
cess to credit, facilitating more extension servic-
es and encouraging farmer’s seed networks for
agricultural development. Generally this would
work towards achieving the 2030 agenda for
sustainable development targets in ending pov-
erty and hunger.
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