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ABSTRACT

ARTICLE HISTORY

Contingent valuation is used to elicit irrigators’ willingness to pay
for soil moisture tools in irrigation schemes in Africa, with various
econometric methods employed to mitigate potential bias. Key
results include that there is a neighbourhood eﬀect inﬂuencing
adoption, and that being located downstream and spending more
on irrigation water positively and statistically signiﬁcantly inﬂuenced willingness to pay for tools. The result suggests that
although focusing on economic incentives and promoting farmer
learning by those using the tools may promote greater adoption,
there is likely to still be a need for co-investment by other bodies.
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Introduction
Agriculture is the highest fresh-water-extracting sector in sub-Saharan Africa (SSA), accounting for 79% of the region’s fresh water withdrawal, with most of this used for irrigation (Food
and Agriculture Organization of the United Nations [FAO], 2016a), with the industrial and
municipal sectors consuming only 5% and 16%, respectively. SSA’s population is predicted
to increase from about 13% of the world’s population in 2015 to nearly 22% by the midtwenty-ﬁrst century (United Nations Department of Economic and Social Aﬀairs, 2017), and
thus agricultural crop production demand will increase (Van Ittersum et al., 2016). However,
the availability of water resources has deteriorated over time (FAO, 2016b), mainly driven by
climate change along with the growing population (Besada & Werner, 2015).
The potential productivity increase of irrigated over rainfed agriculture is one of the
reasons it is expected to play a fundamental role in producing food for the growing
population (Faurès et al., 2007). Many argue that irrigation is not used fully enough across
SSA (You, 2008) and that there is considerable scope for improving the eﬃciency of
irrigation management. SSA has a low share of irrigated agriculture in total crop production,
with 3.4% of its cultivated area irrigated (FAO, 2016c). Many small-scale irrigation schemes in
SSA perform well below expectations (Bjornlund et al., 2018; Stirzaker & Pittock, 2014;
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Sullivan & Pittock, 2014) mainly because of poor operation and maintenance (Moyo et al.,
2017). Also contributing to the failure of irrigation in the region are the lack of appropriate
extension services, technical support, institutions, stakeholder empowerment, training and
education (for stakeholders such as farmers, communities, extension agents and water user
associations), credit and market access (Bjornlund et al., 2017; Mwamakamba et al., 2017;
Pittock et al., 2017; Wheeler et al., 2017). One current technique to improve irrigation
management includes soil moisture monitoring technology, to manage irrigation water
losses and provide farmers with data to make better-informed decisions about when to
irrigate and for how long (Bjornlund et al., 2018; Pittock et al., 2018; Stirzaker et al., 2017).
This study investigates which farmers are willing to pay for soil moisture monitoring
technologies in south-eastern Africa, and how this willingness to pay (WTP) relates to
current market prices, to help determine the economic feasibility of broader uptake of
monitoring tools in developing countries. The potential for bias in irrigators’ answers is also
investigated. The research questions include: What are the socio-economic, demographic
and location variables inﬂuencing irrigators’ WTP for access to soil water monitoring tools?;
And, how much are farm households willing to pay to access these tools? The present
research uses cross-sectional data collected across four irrigation schemes in three countries: Kiwere in Tanzania, Mkoba and Silalatshani in Zimbabwe and 25 de Setembro in
Mozambique (see Chilundo et al., 2020; Mdemu et al., 2020; Moyo et al., 2020 for details of
each scheme). This study uses contingent valuation (CV) to elicit irrigators’ WTP for the tools
and uses insights from the agricultural innovation adoption literature (e.g. Akroﬁ et al., 2019;
Bennett & Balcombe, 2012; Hill et al., 2013; Wanyoike et al., 2019). CV is a well-known
technique used to value resources that are not traded in markets, but, it is susceptible to a
multitude of issues (Carson & Groves, 2007). Partly this is because of the inability of a
constructed imaginary market to represent practical/real exchange between buyers and
sellers of goods and services. In this study, we attempted to reduce the inherent defects with
the CV method by using ex post remedying techniques – econometric methods: logarithmic
transformation and censored least absolute deviations models.
The rest of the article is arranged in the following way. The next section provides an
overview of water scarcity and policies, technology adoption decision, monitoring technologies and issues associated with valuation techniques. In the third section, we describe
the data and methodology. Key ﬁndings and discussions are presented in the fourth
section. In the ﬁnal section, we oﬀer concluding remarks.

Literature review
Water scarcity and policies
Water management policy alternatives to deal with water scarcity are categorized as
‘supply-side’ or ‘demand-side’ instruments (FAO, 2012). Supply-side management polices
focus on building or upgrading water infrastructure, such as desalination plants and dams,
to collect and transfer water resources (Bates et al., 2008; Gleick, 2003). However, structural
management approaches to water scarcity are subject to growing challenges, as many
countries have physical limits on surface and groundwater resources but face large
increases in water demand in all sectors (Gleick, 2000; Koundouri et al., 2006). For this
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reason, since the end of the twentieth century there has been increasing attention to
demand-side management to address water scarcity (Gleick, 2000).
Demand-side water management policy tries to optimize the utilization of water
resources through modernizing water management and governance, adjusting water
use timing, encouraging the uptake of water saving innovations and water use productivity. It focuses on institutional, regulatory, research, educational and economic strategies
to deal with the challenges of scarcity (Gleick, 2003; Grafton & Wheeler, 2015).

Agricultural technology adoption theory
New agricultural innovations are key for improving productivity and proﬁtability and
achieving sustainable development (Channa et al., 2019), especially in developing countries
(Doss, 2006; Feder et al., 1985). Studies suggest that the uptake of innovation is a dynamic
process through which individuals gradually learn about an innovation and adopt it
(Baumüller, 2012). A wide range of empirical literature has studied what drives or constrains
agricultural innovation adoption (Dinar & Yaron, 1992; Koundouri et al., 2006). The adoption
behaviour of farmers is conditioned by economic factors, such as credit access, technology
costs, input and output prices, wealth, income, labour availability and information access
(Dinar et al., 1992; Feder et al., 1985; Foster & Rosenzweig, 2010; Wheeler et al., 2017).
Studies have considered farmers’ characteristics, such as education, training, gender and
farming experience, and farm-speciﬁc features like plot size, soil (quality, type and slope)
and distance to market centre, to explain technology adoption decisions (Abdulai &
Huﬀman, 2005, 2014; Haensch et al., 2019). These decisions are also constrained by climatic
and geographical factors like water access and weather (Baumüller, 2012). Adoption choice
is also signiﬁcantly inﬂuenced by geographical proximity (the neighbourhood eﬀect), which
accelerates information ﬂow through interpersonal dialogue and communication within
the farming society (Case, 1992; Haensch et al., 2019).
The features of an innovation, such as its comparative beneﬁt, suitability to the
prevailing system, simplicity to learn, use and operate, and visibility of outcomes are
also important in facilitating adoption (Pannell et al., 2006; Rogers, 1983). There have also
been a growing number of studies on the inﬂuence of social capital in stimulating the
uptake of an innovation (Bandiera & Rasul, 2006; Haensch et al., 2019). Social capital is
usually associated with tradition, beliefs and values, which assist communal decision
making within a social system (Woolcock & Narayan, 2000).
In understanding the adoption of agricultural innovations, careful consideration must
be given to the type of innovation itself. Wheeler et al. (2017) distinguish between the
adoption of ‘hard’ innovations (e.g. improved seed varieties) and ‘soft’ ones (e.g. farm
management) and show that various attributes have diﬀering inﬂuences. Innovations that
are predominantly knowledge based, and those that have a public-good element (either
in their provision or in the externalities associated with their use) are signiﬁcantly diﬀerent
from innovations that have more private farm beneﬁts. Water-management-based farm
innovations such as the one we are investigating here in this study are knowledge-based
(soft) technologies with a considerable public-good element. It is known that for such
types of innovations, strong institutional arrangements and networks can be essential for
sustainable agricultural adoption (Hounkonnou et al., 2012; Wheeler et al., 2017). Ostrom
(1990) outlined key lessons for common governance innovations, which are useful for
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insights for this study. Part of the reason water-saving technology may be under-adopted
in Africa is a complex combination of institutions, public-good issues and governance.

Soil moisture monitoring technologies: the Chameleon
Understanding soil water content is essential for eﬃcient irrigation practice, as over-irrigation wastes private farm agricultural inputs and micro- and macronutrients and hence,
potentially reduces agricultural output (Barton & Colmer, 2006; Fiebig & Dodd, 2016;
Lizarraga et al., 2003; Vories et al., 2017). Under-irrigation, on the other hand, increases
crop stress and thus can reduce agricultural return (Lizarraga et al., 2003). However, it is also
critical to note the diﬀerence between water consumption and water extraction, and the
consequences for private-public water resource availability (Grafton et al., 2018).
A variety of soil moisture monitoring technologies, including tensiometers, gravimetric,
psychrometers and neutron probes, can help farmers decide when to irrigate and for how
long (Jones, 2004). However, the adoption of these techniques is low in Africa (Annandale et
al., 2011; Myeni et al., 2019). One reason for this may be inadequate extension services and
information dissemination (Stevens, 2006). In response to this low rate of adoption, the
Commonwealth Scientiﬁc and Industrial Research Organization developed a moisture
monitoring tool which is easy to use, provides critical data for farmer learning and is less
expensive, to help resource-poor farmers make optimal and eﬃcient watering decisions in
the ﬁeld (Stirzaker et al., 2014, 2017). It represents both a ‘hard’ and a ‘soft’ innovation, as it
involves both technology adoption and management expertise (Wheeler et al., 2017).
The Chameleon measures soil water suction at the root zone. It includes a reader and a
sensor array, with three moisture sensors which are buried in the soil at varying depths.
Each array can be connected to a reader, which depicts the outcome visually, in a way that
is easy for small-scale farmers to understand and that facilitates learning about ‘soil-water
and nutrient dynamics’ to improve irrigation management decisions. The Chameleon
does this by measuring the stress intensity at the speciﬁed soil depth of each sensor
array and revealing the reading outcome as blue if soil is wet, green if it is moist, and red if
it is dry. This provides helpful information to farmers to decide when and how much to
irrigate; if used correctly, it minimizes both under-irrigation and over-irrigation. It also
helps farmers plan fertilizer application and agronomic practices (see Stirzaker et al., 2017,
and Virtual Irrigation Academy, 2019, for more details).
This study aims to understand African irrigators’ WTP for Chameleon soil moisture
monitoring tools. Given that monitoring tools were introduced for the ﬁrst time in the
study area by the project, we used CV to estimate irrigators’ WTP for these technologies.
The next section provides an overview of the method.

Valuation techniques
In resource valuation studies, there are two main valuation methods, namely revealed
preference and stated preference techniques, that practitioners and scholars frequently use
to collect crucial information regarding the approximate value of commodities or services
that do not have monetary prices in conventional markets (Adamowicz et al., 1994).
Revealed preference methods (e.g. travel cost, hedonic method, averting behaviour)
tries to measure the prices of non-tradable goods and services by directly assessing the

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT

5

behavioural responses of an economic agent in a practical context (Willis, 2014). They can
be used to quantify direct use values and have the advantage that people’s responses are
not susceptible to a constructed scenario. However, they do not estimate non-use or
indirect values. Stated preference approaches (e.g. CV, contingent behaviour, choice
modelling, conjoint analysis) attempt to estimate the monetary value of non-tradable
items by presenting a simulation-based imaginary market with survey questionnaires.
Their ability to capture some non-use and indirect values of public resources (Arrow et al.,
1993) is the main beneﬁt of these approaches, but their estimates are highly vulnerable to
bias (Gregg & Wheeler, 2018; Willis, 2014).
In particular, CV is one of the most common valuation approaches, often used as a ‘pre-test’
of commodities that would have prices in the conventional system (Cameron et al., 2002). CV
uses survey questions, in either a close-ended or open-ended format (Arrow et al., 1993), to
elicit the maximum amount of money targeted respondents are willing to pay to improve the
provision/establishment of communal resources, or the minimum amount of money respondents are willing to accept for a decline in the provision/availability of goods and services
(Arrow et al., 1993). In the CV approach, individual respondents are asked to reveal their
preference for a speciﬁc commodity contingent on the hypothetically established market/
scenario. The method has been used around the world to estimate farmers’ WTP for a variety of
services and products (e.g. Akroﬁ et al., 2019; Bennett & Balcombe, 2012; Masud et al., 2015;
Poudel & Johnsen, 2009; Wanyoike et al., 2019).
In this study, a payment card CV format was adopted to elicit irrigators’ WTP for access
to Chameleon soil moisture monitoring technology. In payment card elicitation (Mitchell
& Carson, 1981), an interviewer gives study participants a card showing alternative bid
values arranged in ascending order and asks them to tick the amount they would be
willing to pay for provision of or access to goods or services. The bids start with 0 and
would change sequentially at constant intervals. The payment card technique is a standard format whereby respondents consider the listed prices of the good in question and
say whether they would buy it at those prices (Kerr, 2001).
Although CV is a well-known valuation technique and has been used for decades, it is
subject to a growing number of shortcomings (Champ & Bishop, 2001; Mitchell & Carson,
1981). Among others, hypothetical, strategic and instrumental bias have been extensively
discussed in the literature (Gregg & Wheeler, 2018; Mitchell & Carson, 1981). Hypothetical
bias occurs when the stated WTP in hypothetical markets does not match WTP values in
regular markets, which involve practical transactions between market players (Champ &
Bishop, 2001). Strategic bias is related to ‘non-excludability’ aspects associated with communal resources, and is where participants purposefully distort their valuation answers with
the notion to aﬀect the availability of a good or service (Mitchell & Carson, 1981), either
overstating or understating WTP. Instrumental bias occurs where WTP data collection
instruments are not properly designed and so do not reﬂect the full picture of the commodity being valued. It is related to the applicability of the proposed payment method (e.g.
tax, fee or donation), the clarity of the preference question, and the question’s placement in
the survey (Mitchell & Carson, 1981).
Certainty scale, inferred valuation, consequential design and cheap talk are some
approaches widely employed to deal with hypothetical bias (Carson & Groves, 2007;
Cummings & Taylor, 1999; Gregg & Wheeler, 2018; Li & Mattsson, 1995; Lusk & Norwood,
2009). The certainty scale is a post-preference question used to alleviate potential bias in
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resource valuation (Li & Mattsson, 1995). In this method, study participants are asked to
endorse their level of assurance that they would pay the bid value they have already mentioned in a simulation-based theoretical market. Inferred valuation is a new method used to
minimize parts of the CV method’s potential defect by inviting an economic agent for interview to estimate others’ preferences (Lusk & Norwood, 2009). A valuation design is said to be
consequential if targeted respondents have understood that their answers determine the
intended aims of the proposed policy change and that the policy outcome would inﬂuence
their utility. Under such a valuation design, respondents are assumed to make a rational
decision, with little or no incentive to provide biased responses for valuation questions
(Carson & Groves, 2007). ‘Cheap talk’ design refers to a pre-survey interaction between the
investigator and the respondents with the aim of reducing the bias associated with the
constructed imaginary market (Cummings & Taylor, 1999). Median estimation and logarithmic transformation have also been used to reduce hypothetical bias (Gregg & Wheeler,
2018).
In the context of this study, it is important to understand that while there were no market
prices for the monitoring tools in local shops, farmers had used the tools for four years and
seemed to understand their value in the form of greater yields and less labour (Chilundo et al.,
2020; Mdemu et al., 2020; Moyo et al., 2020). When the project originally started, farmers were
unwilling to express a WTP. Even midway through the project, when they recognized how
much their yield had improved and how much time they had saved, they still did not want to
state a WTP. However, after four years of use (monitoring technologies were given to farmers
freely by the project), farmers started to be willing to express an amount. This WTP has been
further conﬁrmed in recent focus groups during phase two of the project. Hence, we suggest
that there is potential for both hypothetical and strategic bias in the answers. Strategic bias
could be present in either an understatement or overstatement of WTP by irrigators, depending on their views on subsidized prices, future provision and neighbour’s responses. Hence,
we report WTP estimated by two diﬀerent methods, as explained next.

Data and methodology
Data collection
This research uses data from an Australian Centre for International Agricultural Research
project ‘Increasing Irrigation Water Productivity in Mozambique, Tanzania and Zimbabwe
through On-Farm Monitoring, Adaptive Management and Agricultural Innovation
Platforms’. The project, started in 2013, aims to ‘improve the productivity and proﬁtability’
of SSA small-scale irrigation through soil water management, ‘agricultural innovation
platforms’ and policy reforms (Pittock et al., 2017; Van Rooyen et al., 2017). In 2014 and
2015, the project introduced Chameleon soil moisture monitoring tools across ﬁve
schemes: Kiwere in Tanzania, Mkoba and Silalatshani in Zimbabwe, and 25 de Setembro
(Boane) and Khanimambo in Mozambique (Bjornlund et al., 2018). In each sample irrigation site, the project selected 20 irrigators to use the soil moisture monitoring tool in their
ﬁeld to learn about irrigation water and micronutrient management for eﬃcient irrigation
practice. Each farmer received a sensor array, which was installed in their plot for free
(Stirzaker et al., 2017). The project also deployed two Chameleon readers in each scheme,
as well as a wetting front detector (Bjornlund et al., 2018). The project employed ﬁeld

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT

7

personnel and trained them to monitor tool installation, measurement, data recording
and reporting. Soil moisture readings were initially taken weekly, and recorded in farmers’
ﬁeld books, so the farmers could see changes over time and adjust their irrigation practice
accordingly (Stirzaker et al., 2017). At the beginning of the project, the irrigation infrastructure in Khanimambo was damaged by ﬂooding, and irrigation largely ceased, so that
scheme was excluded from this analysis.
This study uses face-to-face farm survey data collected from four irrigation schemes in
Mozambique, Zimbabwe and Tanzania. A pilot survey was conducted to ensure the
validity and consistency of survey instruments across schemes, and questionnaires were
reﬁned before the actual ﬁeldwork. In total, 266 households were surveyed in March–May
2017, with complete responses available from 234 respondents across the four schemes,
which were used for modelling for this study.
Data were collected on socio-economic and demographic characteristics, agricultural
input and output prices, marketing and institutional variables, monitoring tools, irrigation
practices, perception of changes that have taken place during the project, decision
making, and irrigators’ WTP for access to monitoring tools. Interviews were conducted
with either the household head or other key decision-making household members. A
payment card was used to elicit irrigators’ WTP for the monitoring tools. Respondents
were shown bids ranging from 0 to USD75 for the sensor array, and from 0 to USD50 for
permanent access to a sensor reader on a weekly basis.

Econometric methodology
Given the nature of our survey data, a Tobit model was chosen as the best method to estimate
the determinants of farmers’ WTP for the sensor array and for weekly access to the reader.
Zero-WTP responses are common in CV studies, and the Tobit model is one of the regression
methods most suitable for analyzing data with censored responses (Tobin, 1958). The unique
feature of the Tobit model is that it attempts to incorporate each piece of information
(censoring values as well as values greater than censoring point) into the investigation
(Tobin, 1958). In our survey, there are farmers with WTP responses clustered at 0 (bottom
limit) for both sensor array and reader, and WTP values of USD75 and USD50 as an upper
censoring response for sensor array and reader, respectively, so the Tobit method was
appropriate.
For individual irrigation farm households, WTPi* is the latent (unobserved) WTP for
access to soil monitoring tools (both sensor array and reader); it is a linear function of
independent variables Xi and a normally distributed stochastic term:


0
WTPi  ¼ Xi β þ εi ; εi ,iid 0; σ2
Then observed maximum WTP (with a censoring point at zero for the lower limit and 75
and 50 for upper limits for sensor array and reader, respectively) is deﬁned as
8
if WTPi > 0; and WTPi < 75 ð50Þ
< WTPi ;
0;
if WTPi  0
WTPi ¼
:
75ð50Þ;
if WTPi  75ð50Þ
where Xi represents a set of covariates that inﬂuence WTP, β is unknown coeﬃcients, and
εi is the stochastic term.
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As a form of sensitivity analysis, we also tested other methodologies and compared their
results against the Tobit results. For example, as well as employing ordinary least squares (OLS),
we also tested censored least absolute deviations (CLAD) and natural logarithmic transformation methods to minimize the potential hypothetical bias related to the CV approach. The
CLAD model is an estimation approach that uses median values instead of mean values.
Estimates based on CLAD are robust to non-homoscedastic error terms (Powell, 1984) and
outliers (Gregg & Wheeler, 2018). Given the performance (coeﬃcients) and test statistics (e.g.
based on Akaike and Bayesian information criteria , AIC and BIC) of the models, only Tobit and
natural logarithmic transformation results are reported here, as these models provided the
best ﬁt compared to the OLS and CLAD models (both in level and natural logarithmic
transformation) estimates. For the CLAD model in particular, most of the estimated coeﬃcients
of independent variables (e.g. gender, plot location within the scheme, knowledge of monitoring tools) had a statistically insigniﬁcant inﬂuence on WTP for both the sensor array and
reader. In contrast, most of the signiﬁcant covariates in the Tobit model had similar eﬀects on
irrigators’ WTP in the OLS model. However, given that the OLS method fails to recognize the
inherent clustering and censoring nature of our data, a limitation the Tobit method overcomes
(Amemiya, 1973), then the OLS method may provide biased outcomes. Thus, the AIC and BIC
tests suggest that the Tobit model is more suitable for our data than OLS. The Tobit model
(natural logarithmic transformed) also provides conservative estimates of average WTP values
for both the sensor array and the reader, which the resource valuation literature (Arrow et al.,
1993; Gregg & Wheeler, 2018) suggests should be a criterion for method choice.
Based on the literature (Akroﬁ et al., 2019; Bennett & Balcombe, 2012; Masud et al., 2015;
Poudel & Johnsen, 2009; Qaim & De Janvry, 2003; Wanyoike et al., 2019), socio-economic,
demographic and location variables were hypothesized to inﬂuence WTP and hence were
included in our models. We conducted multicollinearity diagnostics using variance inﬂation
factors and correlation coeﬃcients. These tests found that gender and marital status of head
were highly collinear (0.8), so marital status was excluded. We added 0.1 to the value of all
observations in order to allow natural log transformation estimation for zero-WTP responses.
Finally, we used robust standard errors to account for potential heteroscedasticity (Table 2).

Results and discussion
Descriptive results
Summary statistics are provided in Table 1. Approximately 75% of respondents were male,
and the mean age of household head was about 56. The mean family size is approximately six, and 29% of heads had attended secondary school or above. The median
irrigated land size was 0.8 hectare. On average, farmers’ annual gross farm income (crop
and livestock) was USD1230 per year, and they spent USD40 per year on irrigation water
(including water fee, maintenance and pump fuel). Nearly three-quarters of respondents
knew what the monitoring tools measure and the beneﬁts of adopting them.
Summary statistics of the WTP answers on access to monitoring technologies are
shown in Appendix A. About 89% and 86% of the irrigators have positive WTP responses
for the Chameleon sensor array and access to the reader, respectively. Scheme-level
responses indicate that 100% and 96% of 25 de Setembro farmers have non-zero WTP
for sensor array and reader, respectively, compared to 81% and 79% for Silalatshani

Access to information services

Plot location in the scheme
Plot location in the scheme
Plot location in the scheme
Irrigation scheme
Irrigation scheme
Irrigation scheme
Irrigation scheme

Field days

Upstream
Middle (base)
Downstream
Mkoba
Kiwere
25 de Setembro
Silalatshani (base)

Hectares
USD1000 (in 2017 prices)

Irrigated land area
Annual irrigation water cost, including water fee,
maintenance and pumping fuel
Gross farm household income from crop and animal
product sale
Knowledge on tools beneﬁt and use

Location of nearest installed tools

1 = male; 0 otherwise
Years
Person
1 = attended secondary school or above; 0 otherwise

Household head gender
Household head age
Number of household members
Household head education level

1 = irrigator stated that they know what the tools measure and what they
are used for; 0 otherwise
1 = own tools; 2 = neighbour’s plot; 3 = two plots away; 4 = three plots
away; 5 = on the same canal; 6 = on a diﬀerent canal
1 = any household member accesses information from farm-ﬁeld days; 0
otherwise
1 = upstream; 0 otherwise
1 = midstream; 0 otherwise
1 = downstream; 0 otherwise
1 = Mkoba; 0 otherwise
1 = Kiwere; 0 otherwise
1 = 25 de Setembro; 0 otherwise
1 = Silalatshani; 0 otherwise

USD1000 (in 2017 prices)

USD (in 2017 prices)
USD (in 2017 prices)

Unit

WTP for access to Chameleon sensor array
WTP for weekly access to Chameleon sensor reader

Deﬁnition

Tool location to farmer

Tool knowledge

Farm income

Variable
Dependent variables
WTP array
WTP reader
Covariates
Male
Age
Household size
Education: Secondary or
above
Irrigated land
Water costs

Table 1. Descriptive statistics (n = 234).
Std.
Dev.

0.28
0.41
0.31
0.22
0.35
0.11
0.32

0.94

2.47

0.78

1.23

0.8
0.04

0.45
0.49
0.46
0.42
0.48
0.32
0.47

0.23

1.64

0.42

1.61

1.09
0.10

0.75 0.44
55.50 16.15
5.72 2.43
0.29 0.46

23.70 23.60
20.68 14.73

Mean

0
0
0
0
0
0
0

0

1

0

0

0
0

0
20
1
0

0
0

1
1
1
1
1
1
1

1

6

1

10.65

11
1.32

1
92
12
1

75
50

Min Max
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Table 2. Tobit model WTP estimated results for tool adoption across four irrigation schemes.
Sensor array
Male
Age
Age squared (divided by 100)
Household size
Secondary education or above
Male × secondary education or above
Irrigated land
Water costs
Farm income
Tool knowledge
Field days
Tool location to farmer
Upstream
Downstream
Mkoba
Kiwere
25 de Setembro
Intercept
Log-likelihood
AIC
BIC
Pseudo-R2
N

Tobit (linear)
−0.15
(5.73)
−0.30
(0.69)
0.18
(0.63)
0.80
(0.87)
−4.74
(10.40)
7.52
(11.31)
−0.96
(1.09)
122.53***
(43.58)
−0.69
(0.88)
2.20
(4.42)
12.14
(7.42)
−4.32***
(1.17)
5.61
(4.80)
7.42*
(4.40)
7.79
(7.32)
−6.51
(6.04)
5.53
(7.25)
19.96
(19.44)
−914.42
1843.56
1909.21
0.03
234

Sensor reader
Tobit (ln)
−0.09
(0.47)
−0.01
(0.06)
0.00
(0.06)
0.01
(0.07)
−0.82
(0.88)
1.28
(0.96)
−0.05
(0.10)
8.16**
(3.28)
−0.01
(0.08)
0.36
(0.42)
0.97
(0.83)
−0.29***
(0.10)
0.51
(0.41)
0.68*
(0.39)
0.52
(0.62)
0.25
(0.56)
1.21**
(0.54)
1.26
(1.89)
−471.67
957.61
1023.26
0.03
234

Tobit (linear)
−4.36
(3.75)
−0.84*
(0.45)
0.62
(0.41)
0.40
(0.55)
−7.09
(6.37)
12.22*
(7.26)
0.23
(0.82)
19.59*
(9.95)
−0.51
(0.65)
5.60*
(2.98)
8.85*
(4.95)
−2.96***
(0.71)
2.81
(3.08)
3.97
(2.85)
−3.37
(4.42)
−3.54
(3.72)
−0.24
(4.17)
40.35***
(13.17)
−832.17
1680.78
1746.43
0.02
234

Tobit (ln)
−0.81*
(0.47)
−0.07
(0.06)
0.05
(0.06)
0.05
(0.07)
−1.29
(0.89)
2.25**
(1.00)
0.03
(0.15)
1.47
(1.12)
−0.04
(0.09)
0.80*
(0.45)
0.99
(0.80)
−0.28***
(0.10)
0.50
(0.42)
0.65*
(0.39)
−0.35
(0.57)
0.59
(0.52)
0.38
(0.49)
3.10
(1.98)
−472.88
962.60
1028.25
0.04
234

Robust standard errors in parentheses.
*p < 0.1; **p < 0.05; ***p < 0.01.

farmers. This might be because irrigators in 25 de Setembro are charged for pump fuel
proportional to water use and so may be more ﬁnancially motivated and willing to pay for
the uptake of moisture monitoring technology. The percentage of irrigators willing to pay
for access to a sensor reader is slightly smaller than that for buying a sensor array, for both
pooled and disaggregated scheme-level data (Appendix A). However, a sensor array has
no value without access to a reader. This diﬀerence probably reﬂects that farmers are
willing to pay for the sensor array, which they need to have installed in their own ﬁeld, but
hope the irrigation association or somebody else will pay for the reader.
Figure 1 shows the cumulative distribution of WTP for a sensor array and weekly access
to a reader. WTP response is a decreasing function of price, consistent with the theory of
demand. Around 63% of respondents were willing to pay USD10 for a sensor array,
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Figure 1. Commutative distribution of irrigators’ WTP for a sensor array and reader (n = 234).
Note: There were variations in the bid amounts shown for sensor array and reader. For example, values of USD25, USD35 and
USD45 were not shown to farmers for the sensor array, and USD5 and USD75 were not shown to farmers for the sensor reader.

compared to 86% for weekly access to the reader. More than half were willing to pay
USD20 for a sensor array, and nearly two-thirds for weekly access to the sensor reader at
this price. About 12% and 9% of farmers were willing to pay the maximum listed bid for
access to a sensor array and reader, respectively.

Irrigators’ stated reasons for their WTP for monitoring tools
Farmers were asked why they would be willing to pay for monitoring tools (Figure 2). For
comparison, respondents who answered this question were categorized into two groups:
low WTP (bids of USD20 or less) and high WTP (bids over USD20). Saving resources, such
as water, fertilizer and labour, was the most frequently mentioned reason, in both the lowLow (WTP ≤ USD20)
Save resources
Affordability

Improve yield
Other

63%

41%
17%

38%

Need more education and
experimentation
Help to plan irrigation

High (WTP > USD20)

9%

4%
2%

6%

12%

2%
1%

4%
0% 10% 20% 30% 40% 50% 60% 70%

0% 10% 20% 30% 40% 50% 60% 70%

% of respondents
(n=149)

% of respondents
(n=93)

Figure 2. Irrigators’ stated reasons for their WTP for soil moisture monitoring tools.
Note: Figure is based on the sum of total answers of reasons for irrigators’ WTP for access to monitoring tools. Of the
irrigators who answered the question, about 85% (180) provided only one reason, and 15% (31) provided two reasons.
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WTP group (41%) and the high-WTP group (63%). Aﬀordability was cited by 38% of the
low-WTP group and 17% of the high-WTP group. About 12% of the high-WTP group cited
better yield, compared to 2% of the low-WTP group. Irrigation-planning beneﬁts were
cited by 6% of the low-WTP irrigators and 2% of high-WTP irrigators.

Determinants of WTP for access to monitoring tools
The regression results of farmers’ WTP for the adoption of the monitoring tools are
presented in Table 2. Along with the Tobit regression, we used natural log transformed
WTP to mitigate hypothetical bias (as suggested by Gregg & Wheeler, 2018). The AIC and
BIC for Tobit models showed that the model with natural log transformation better ﬁt the
survey data, so coeﬃcient interpretation in this study is based on the transformed Tobit
model (Table 2).
For clearer presentation of the key ﬁndings, we categorize them under subheadings,
such as household and scheme/location characteristics.

Household characteristics
Gender of the household head was associated with WTP for access to the sensor reader at
the 10% signiﬁcance level, with a male household head having a lower WTP. This could be
because women do most of the irrigation work, and perhaps that female-headed households have less access to man-power, and an inequitable share of water resources, and
thus beneﬁt more from access to a sensor reader, as it reduces the labour needed for
irrigation and makes the water supply more reliable. This ﬁnding could also partly be
attributed to the unequal productive resource distribution between male-headed and
female-headed farm households. The research of Hite et al. (2002) in Mississippi documented similar eﬀects of gender on WTP for technology adoption, although Hill et al.
(2013) found that female heads have a lower WTP for the adoption of insurance
innovation.
Knowledge of the uses of the tools was another statistically signiﬁcant (10% level)
inﬂuence on irrigator WTP for weekly access to a sensor reader, suggesting that respondents with better knowledge of the function and use of tools were willing to pay more for
access to them. It seems that innovation adoption decisions are strongly inﬂuenced by
farmers’ exposure to and awareness of the beneﬁts of the technology (Rogers, 1983). Our
ﬁnding is consistent with Channa et al. (2019) and Qaim and De Janvry (2003). For the
sensor arrays, however, the estimated coeﬃcients for tool knowledge were insigniﬁcant.
This may mean that the knowledge of how to use the tool was associated with how to
interpret and respond to the display on the reader.
Findings from the linear Tobit model (although not the preferred model) showed that
age and access to information inﬂuenced WTP for the sensor reader. Older farmers had a
lower WTP for a sensor reader, maybe because they are more risk averse and thus
reluctant to pay for new technologies. This is consistent with the ﬁndings of Hill et al.
(2013). Farmers who accessed information by attending farm/ﬁeld days had a higher WTP
for monitoring tools than those who did not, presumably because it improved their
practical knowledge of agronomic issues and/or their understanding of the tools’ beneﬁts.
This is consistent with the ﬁndings of Toma et al. (2018).
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The regression results also showed that male household heads with secondary or greater
education have a signiﬁcant (5%) positive inﬂuence on WTP for the sensor reader. This might
be because education improves farmers’ understanding of the overall beneﬁts of the tools.
This is consistent with the ﬁndings of both Abdulai and Huﬀman (2014) and Koundouri et al.
(2006).

Irrigation scheme and location
The cost of water, which includes a water fee, maintenance, pump fuel, and other related
costs, was a key inﬂuence on WTP for the monitoring tools. The price a farmer paid for
water positively and signiﬁcantly inﬂuenced WTP. In Mozambique (25 de Setembro) this
makes intuitive sense because farmers’ payments are related to water volume via the cost
of diesel pumping. In the other schemes it is less obvious, as they pay a ﬁxed cost per area,
and farmers have much the same area under irrigation. The results could reﬂect that,
particularly at the beginning of the project, many did not pay for water or contribute
labour for maintenance. This could suggest that those who did pay and contribute were
willing to pay more, as they are likely to be more productive and more proﬁtable, and thus
see the beneﬁts more clearly. This shows a clear link between economic incentives and
tool adoption. Irrigators have experienced that monitoring tools reduce the cost of
fertilizer, labour (money and time), pump fuel, maintenance and other input costs
(Chilundo et al., 2020; Mdemu et al., 2020; Moyo et al., 2020), and they may also have
perceived that access to the tools reduced production loss from either under- or overirrigation. These results are consistent with Frisvold and Bai (2016) and Moreno and
Sunding (2005), who showed that high water costs and pricing drove adoption of
water-saving irrigation innovations.
Distance to the nearest installed sensor array had a strong negative inﬂuence on
farmers’ WTP; the further the respondent’s plot was from the nearest tool, the less they
were willing to pay for the sensor array and reader. This could be because nearness to the
installed tool increases farmer-to-farmer learning and the understanding of the beneﬁts.
This ﬁnding is consistent with Schmidtner et al. (2011) regarding the contribution of
proximity in technology adoption, and Haensch et al. (2019) regarding the inﬂuence of
neighbours for selling permanent water in Australia.
The farmer’s plot location within the scheme also inﬂuenced WTP. Having a downstream plot raised farmers’ WTP for a sensor array and reader, signiﬁcant at the 10% level.
This may reﬂect inequitable water distribution due to poor infrastructure, unsatisfactory
maintenance and obsolete canal design (African Center for Economic Transformation,
2017). Another reason might be that farmers at the head end of canals use too much
water through ignorance. In such irrigation systems, water access and distribution are
uneven, with downstream irrigators regularly denied access to reliable and fair irrigation
water supply, which is clearly illustrated in all the schemes included in this study
(Chilundo et al., 2020; Mdemu et al., 2020; Moyo et al., 2020). Water inequality is often
worse during the dry period, resulting in water use competition, conﬂict, yield loss and
many plots remaining fallow (Mdemu et al., 2017; Ostrom, 1990). Consequently, downstream farmers might have a higher WTP for the access to tools because it enables better
management of their less reliable water supply. These farmers have also experienced substantial improvements to their water supply since the project intervention, and a
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signiﬁcant reduction in conﬂicts over water access (Chilundo et al., 2020; Mdemu et al.,
2020; Moyo et al., 2020), because of upstream farmers irrigating less due to learning from
the tools. Thus, these farmers see greater beneﬁts from the overall adoption of the tools,
as they ensure more equitable and reliable water distribution throughout the irrigation
season. This is consistent with ﬁndings in the Indus Basin, Pakistan, where Hussain et al.
(2004) found a signiﬁcant diﬀerence between upstream and downstream farmers in terms
of water access and wheat productivity. Manero et al. (2019) also found that both
upstream and downstream farmers had low agricultural output, compared to midstream
farmers, in Tanzania. It is also possible that this ﬁnding that downstream irrigators have
higher WTP for the tools reﬂects an element of strategic bias, where irrigators deliberately
overstate their WTP in order to encourage the use of the tools across the whole irrigation
scheme, particularly by upstream irrigators. Finally, irrigators in 25 de Setembro were
willing to pay more for sensor arrays than irrigators in Silalatshani (signiﬁcant at 5%). This
might be because farmers in the former scheme pay for pump fuel (i.e. they have an
incentive for eﬃcient water application because it will save fuel).
Table 3 presents the estimated mean WTP for access to monitoring tools for irrigated
farming households, derived from the regressions. Per our Tobit model (linear), expected
WTP for sensor array and weekly access to sensor reader in the sample households was
USD26 and USD21, respectively. The Tobit model with transformation (employed to
reduce hypothetical bias) produced estimates of only USD10 for a sensor array and
USD9 for a reader, less than half of the estimates from the linear Tobit model (Table 3
and Figure 3). This comparison suggests that the application of natural log transformation

Table 3. Expected WTP for soil moisture monitoring tools (95% conﬁdence interval).
Sensor array (USD)
n
234
234

PredictedWTP values (USD)

Model
Tobit (linear)
Tobit (ln)

Lower
24.98
8.98

Expected
26.24
9.99

Sensor reader (USD)
Upper
27.49
10.99

Lower
20.20
7.94

30
25
20
15
10
5

Figure 3. Expected WTP for sensor array and reader (95% conﬁdence interval).

Expected
20.98
8.61

Upper
21.76
9.29
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to CV estimation is an eﬃcient and alternative way to remedy the problem of hypothetical
bias, as Gregg and Wheeler (2018) found. There are also questions regarding strategic bias
in our results, which could lead to both either under- or over-statement of WTP. Further
comparison of the adoption of soil moisture monitoring tools in the African situation over
time will provide more insights into the robustness of our WTP ﬁndings.
Currently, the Chameleon moisture monitoring tool in its prototype manufacturing
stage; it is produced in Australia and South Africa and supplied to the market through the
Virtual Irrigation Academy (2019). A Chameleon sensor array (three sensors) and one card
reader currently can be bought for USD68.35 (exchange rate: AUD1 = USD0.6904, Reserve
Bank of Australia, 2019), excluding taxes, duties and transportation. However, commercial
production and wholesaling could add costs. Note that this is not the reader farmers in
the project used, though it has the same functionality, so this was the most appropriate
price for comparison. Around 25% of our survey respondents were willing to pay the
online price to get the full set of moisture monitoring tools (a combination of reader and
array; see Appendix B). This ﬁnding implies that the adoption of this technology by smallscale farmers could be signiﬁcant in the future and that farmers are willing to at least cocontribute within schemes. Our study also suggests a signiﬁcant spread of learning
among farmers with the adoption of the tools. Twice as many farmers reported changing
their farming practices, and beneﬁtting thereby, as had access to the tools (Chilundo et al.,
2020; Mdemu et al., 2020; Moyo et al., 2020).
However, there are several reasons why adoption over time might be diﬀerent from the
preferences expressed by farmers in this study. There is a broader question of why, after
more than 50 years of trying and billions of dollars of donor funding, is almost no watersaving technology evident in small-scale schemes in Africa? That water management tools
are a knowledge-based innovation with public-good elements is part of the reason, while
the other part is the failure of institutions and governance. This suggests that the tools
need to be part of a wider learning system. Parry et al. (2020) emphasized farmer-tofarmer learning and the broader uptake of the lessons from the tools. Other issues include
tool warranty, longevity and maintenance, a learning system for extension oﬃcers, and
the involvement of public-sector stakeholders. Further investigation is warranted of farmers’ adoption of tools, its public-good beneﬁts, and the institutional conditions of
schemes that promote adoption.

Conclusion
Agriculture is the largest water-extracting sector in SSA, and agricultural water productivity is low. Adoption of soil moisture monitoring tools could play an instrumental role to
improve on-farm water use productivity. Understanding the willingness of irrigators to
pay for soil moisture monitoring tools to reduce water use and increase farm proﬁtability
is important for decision making when planning new schemes or refurbishing old
schemes. This will help decision makers design appropriate policy instruments for wider
uptake of monitoring tools by resource-poor small-scale farmers.
This study examined the factors inﬂuencing WTP and farm households’ mean WTP for
monitoring tools using CV methodology and various econometric techniques (e.g. CLAD
and log transformation) to reduce hypothetical bias.
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We ﬁnd that being closer to installed tools (the ‘neighbourhood eﬀect’), being
located downstream, and paying more for irrigation water positively and signiﬁcantly
aﬀected the willingness of irrigators to pay for a sensor array. For the sensor reader, WTP
was positively and signiﬁcantly inﬂuenced by farmers’ knowledge of the use and
beneﬁts of the tools, geographical proximity to installed tools (the 'neighbourhood
eﬀect'), being located downstream, having a female household head, and male heads
with higher education. Most farmers stated a non-zero WTP for the sensor array and
access to a reader, although there is probably still a need for co-investment by public
bodies. Our results suggest that there is a demand for monitoring tools, and focusing on
economic incentives and encouraging farmer learning may promote greater tool adoption by small-scale irrigators, though there are still considerable issues to investigate
further regarding the link between institutional scheme characteristics and farmer
adoption.
Although the ﬁndings of this research oﬀer essential insights for decision making
regarding the uptake of water use productivity enhancing innovations, care must be
taken in making certain inferences from this study. Because sample size is too small
for country/scheme–level analysis, the results are dependent on pooled data across
three SSA countries with diverse institutional structures, farmer education levels and
behaviours, and working environments, so additional investigations with country/
scheme–level data are necessary to check for country/scheme–level heterogeneity. It
is also well known that respondents in CV studies often overstate their WTP, as
compared to prices in a real market context, mainly due to hypothetical bias. This
highlights the need for future research in this area, especially in the context of
agriculture in the SSA.
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Appendix A. Summary statistics of WTP for access to monitoring tools

Positive WTP
n
52
81
26
75
234

Scheme
Mkoba
Kiwere
25 de Setembro
Silalatshani
Total (Pooled)

Array
85%
94%
100%
81%
89%

Reader
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93%
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79%
86%

Appendix B. Cumulative distribution of irrigators’ total WTP for monitoring
tools (n = 234)
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