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Irrigation water pricing has been considered as a tool to enhance water conservation in irrigated 
agriculture. We have evaluated the effects of water pricing on water management practices in Awash 
Basin Authority (ABA). The water charge has been collected over years with the aim to generate money 
for the Awash Basin Authority to cover operational expenses. Both the authority and water users see 
the charges paid as the contribution than as water demand management tool. Widespread irrigation 
inefficiency and low performances are more due to low level of irrigator’s knowledge to manage water, 
poor water conveyance and distribution systems, public ownership over large and medium-scale 
irrigation schemes, and inability to measure and control water. Increasing water price under such 
service conditions will only add burden to farmers and unlikely to be feasible. Despite these poor water 
delivery services, users are willing to pay relatively more than they currently pay which could increase 
the income of the basin authority. Improvement in irrigation water management requires strengthening 
of irrigation research and extension services, building the capacity of irrigators, and improving 
irrigation system operation and maintenance services.  
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INTRODUCTION 
 
In developing countries like Ethiopia, agricultural sector is 
the dominant food supplier to the nation and sources of 
livelihood for more than 85% of the population. Even if 
the country is known for its abundant water resources 
potential, this dominant economic sector depends entirely 

on rainfall. Moreover, 90% of the annual renewable 
surface water resource is shared with other neighboring 
countries. With low industrial development and only 16% 
of the population living in urban areas, agriculture can be  

considered as the dominate consumer of water. On  the
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other hand, as a result of poor agricultural water 
management practices, inefficiency in water use is 
common. According to the Growth and Transformation 
Plan of the country, agricultural land equipped with small-
scale irrigation will expand from 0.85 million ha during the 
base period (2010/2011) to 1.85 million ha at the end of 
the planning period (2014/2015). Irrigation development 
is increasingly considered as one of the strategic pillar for 
ensuring food security and alleviating poverty.        

With increasing population and development needs in 
agriculture, industry, urbanization and ecosystem 
services as well as the trans-boundary nature of the 
country’s water resources, the demand for water will 
increase. Efficient allocation and use of water becomes 
imperative. Nevertheless, operation and management of 
the existing water infrastructures such as irrigation 
systems is dominated by traditional practices and not well 
supported by scientific knowledge and tools to enhance 
efficiencies. These practices are characterized by poor 
overall performances and inefficient water uses 
(Awulachew and Mekonen, 2011). The major concerns 
emanating from such deficiencies in irrigation 
management are over-irrigation and related poor 
drainage, rise in groundwater levels, water-logging, 
salinity and alkalinity development in irrigated areas of 
the country (Wagnew, 2004; Michael and Awulachew, 
2007; Zelalem, 2010; Girma and Fantaw, 2005).  

Undesirable consequences of irrigation have the 
potential to degrade soil fertility, reduce land and water 
productivity and leading to significant social and 
economic losses to individuals, households, local 
communities and country in general (Hussain and 
Hanjira, 2004; World Bank, 2006). Owing to its flat 
topography and water availability, Awash River Basin 
(ABA) is intensively developed for irrigation since late 
1950s. The country’s limited large-scale irrigation projects 
are found in this basin. Increasing development of salinity 
in lower Awash Valley due to mismanagement of 
irrigation water represents a serious threat to 
sustainability of irrigation schemes (Ayenew, 2007).  

Several researchers advocate water pricing as policy 
and economic instrument that enhance efficient use of 
water (Abu-Madi, 2009; Perry, 2001; Speelman et al., 
2009; Dinar and Mody, 2004; Ortega et al., 2004). 
However, efficient allocation of water through water 
pricing requires getting the right pricing which in turn is 
sensitive to social, physical, institutional and political 
settings (Johansson, 2000).   

Awash River Basin is the only basin in Ethiopia where 
irrigation water pricing is practiced. Awash Basin 
Authority, which was legally established in 1998 as 
Awash Bain River Basin Administration Agency has been 
responsible for integrated management of the waters of 
the basin. It is reestablished and named as ABA in 2000. 
Any significant water diversion from the river for irrigation 
purpose requires the approval of the authority. The ABA 
collects water charges on volumetric basis from all legal 
water users  who  are  developing  greater  than  2  ha  of  
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land. The payment is categorized into water charge (3 
Birr1 per 1000 m3 of water), operational service payment 
(84.10 Birr) per hectare of land served per year. The 
charge rate for irrigation water was set in 1994 by the 
then Ethiopian Water Resources Development Authority 
and never modified since then. Charging water use is 
legalized with the Ethiopian water management 
proclamation number 115/2005. As stated in the same 
proclamation, charge for water use is to be determined by 
the council of ministers. The country has established river 
basin councils and authorities for all 12 major river basins 
with the proclamation number 534/2007. This 
proclamation also stipulates the legality of charging users 
for water.  

The impacts of water pricing on water demand and 
overall performance of irrigation practice in the Awash 
Basin has not been assessed. Hence, the aim of this 
paper is to evaluate the effects of water and service 
charges on scheme-level irrigation performances and 
users’ willingness to pay for irrigation water.  
 
 
MATERIALS AND METHODS 
 
Description of the basin 
 
Awash River basin is one of the major 12 river basins in the 
country. It is part of the Central Rift Valley in Ethiopia ranging from 
8.5°N to 12°N and covering an area of about 112,696 km2. The 
basin covers the central and northern part of the rift valley and is 
bounded to the west by Blue Nile Basin, to the southeast by Rift 
valley Lakes Basin and to the south by Wabi Shebele Basin (Figure 
1). It originates from Central West part of Ethiopia, flowing 1200 Km 
long, and provides a number of development opportunities to the 
country. It is the most intensively utilized river basins in the country. 
Awash River originates and remains entirely in the country. The 
river basin has a lowest elevation of 210 m and a highest elevation 
of 4195 m. The total mean annual flow of the river is estimated to 
be 4900 million cubic meters per year. Modern irrigation in Ethiopia 
has started in the Awash Basin during the late 1950s with the 
objective of producing industrial crops (Awulachew et al., 2007).  
The irrigation potential of the basin is estimated to be 134,121 ha. 
 
 
Data used and methods of collection 
 
Primary data  

 
The primary data were generated using structured questionnaires 
and interviews. About 29 schemes were systematically selected 
from legally registered irrigation water users. Generally, about 20 
small-scale (command area less than 200 ha), 5 medium-scale 
(200 to 3000 ha) and 4 large-scale (greater than 3000 ha) irrigation 
schemes were included in the assessment.  

The willingness to pay for irrigation, water was assessed using 
structured questionnaires. The interview was done using two 
different “bidding games”. The bidding processes ascertained the 
respondents maximum WTP for a 1000 m3 of irrigation water which 
is costing only 3 Birr over years. Getting water without price was 
given as a starting bid and the maximum bid was set 10 Birr  per 
1000 m3. Then the  respondents  were  allowed  to  select  the  final 

                                                            
1 Birr is Ethiopian currency (1Birr = 0.05139 USD) 
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Figure 1. River Basins of Ethiopia, location and topography of Awash Basin (Awulachew et 
al., 2007). 

 
 
 
price they would like to pay from 0 to 10 Birr for improved irrigation 
water supply.  

A total of 31 irrigation water users out of 66 legally registered 
users were interviewed to collect information relevant to willingness 
to pay for irrigation water. The first round survey and related field 
observations and data collection were done from March to June 
2011 and the second round from September to November 2012.  
 
 
Secondary data 
 
Scheme specific data such as area cultivated, amount of water 
diverted to each scheme each year, water fees, service charges, 
operation and maintenance fees collected for five consecutive 
production years (2005/2006-2009/2010) were collected from 
Awash Basin Authority. Climate data such as maximum and mean 
minimum temperature, relative humidity, wind speed and daily 
sunshine hours were obtained from nearby meteorological stations 
viz. Melka Worer, Metehara, Nura Era and Wonji. These data were 
used to estimate crop and irrigation water requirements using 
CROPWAT version 8.0.  
Market prices of irrigated crops were obtained from the Ethiopian 
central statistical authority official website (http://www.csa.gov.et), 
annual reports of the Upper Awash agro-industry, sugar estates 
and their out growers.  
 
 
Measurements of performance indicators 

 
Irrigation performance indictors considered in this study are mainly: 
1) output indicators such as land and water productivity, 2) water 
management indicators like: relative water supply, relative irrigation 
supply, and irrigation efficiency. The description of these indicators 

and methods of their measurement are given in the following 
sections.  
 
 
Land productivity 
 
Land productivity denotes the ratio of farm output, that is, crop yield 
or its monetary value to cultivated (irrigated) area. Land productivity 
was calculated for all sampled irrigation schemes over 5 successive 
production years. It is expressed in terms of harvested crop yield 
per unit of irrigated area (tons/ha). 
 
 
Water productivity (WP) 
 
Water productivity can be expressed in terms of physical water 
productivity, that is, the ratio of agricultural output to the amount of 
water consumed. Whereas economic water productivity means the 
value derived per unit of water used (Vazifedoust et al., 2008; Ali 
and Talukder, 2008; Molden et al., 2010). WP was measured in 
terms of harvested crop yield per unit of water diverted or supplied 
(kg/m3) 
 
 
Water management indicators 
 
Under this category, indicators relevant to measure and compare 
amount of water demanded and applied were used. These 
indicators are described as follow:  
 
i. Relative water supply (RWS): The ratio of the total volume of 
water applied (irrigation plus effective rainfall) to the volume of 
water required to be applied during the period. Here, the later is 
only crop water demand.   



 
 
 
 
2. Relative irrigation supply (RIS): The ratio of total volume of 
irrigation water delivered to the farm to the volume of irrigation 
water demanded (net irrigation requirement). 
These two indicators have been used most often to provide a 
general sense of whether there is an adequate amount of water or 
whether the amount of irrigation water supplied is excessive 
(Molden, et al., 1998; Clemmens and Molden, 2007). 
3. Irrigation efficiency (Ei): This is the inverse of relative irrigation 
water supply as given by Molden et al. (1998) and Jensen (2007).   
 
 
Econometric models 
 
Logit model was used to identify determinants of willingness to pay 
for irrigation water. When using the logit model, the dependent 
variable assumes only two values which show the occurrence and 
non-occurrence of events (YES or NO). In the first instance, the 
following factors were identified with the expectation that they affect 
willingness to pay of water users: educational level, household size, 
land size, off-farm income, access to credit, irrigation experience, 
slope of land, and distance to market. The main objective of the 
logit model is to model the relationship between these factors and 
the probability of household’s willingness to pay for a randomly 
offered bid price. In this setting, the dependent variable is 
dichotomous and assumes 1 if the household is willing to pay the 
specified price level for the use of irrigation water and 0 otherwise. 
The binary choice model which is used to determine the farmer’s 
average willingness to pay for irrigation water and the determinants 
of willingness to pay of irrigation users can be given as: 
 

                 (1) 
    
Where Y* is the response variable, Xi is a vector of explanatory 
variables, β is a vector of parameters to be estimated, and ε is the 
error term. However, the response variable Y* is unobservable. The 
assumption is that an individual chooses to pay if the utility 
difference exceeds a certain threshold level, which can be set to 
zero. As a result, if Yi = 1 (paying for water) if Y* > 0 and Yi = 0 (not 
paying for water) otherwise. Therefore, the probability that a 
household is willing to pay the specified bid level for irrigation water 
is given by: 
 

      (2) 
 
Where, F is the cumulative distribution function. This is structural 
model for estimating the probability and it can be estimated either 
using a probit or logit model, depending on the assumption on the 
distribution of the error term (Green, 2003). 

To estimate water users willingness to pay (WTP) for irrigation 
water, probit model was employed (Haneman et al., 1991). The 
probit model estimation of the average WTP only considers the bid 
values with no consideration of other factors that influence 
household decision on willingness to pay. Therefore, by choosing 
the logistic cumulative distribution function in Equation (2) for the 
logit model, the probability that the household is willing to pay for 
irrigation water is given by: 
 

          (3) 
 
Where Zi is a linear function of n- explanatory variables (X) and can 
be stated as 
 

        (4) 
 

If P is the probability that the household is willing to pay for the use 
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of irrigation water, then 1-P, the probability of not willing to pay, is 
given by:  
 

                   (5) 
 
However, this expression can be written as 
 

               (6) 
 
Where P/(1-P) is the odds ratio or the ratio of the probability that a 
household is willing to pay for irrigation water supply to the 
probability that a household is not. Taking the natural logarithm of 
Equation 6, the log of the odds ratio, which is known as logit model 
is given by: 
 

                             (7) 
 
Then the Logit Model becomes, 
 

            (8) 
 
In which β0 is an intercept which indicates the log-odds in favor of 
paying for the use of irrigation water when the coefficients of all 
included explanatory variable are assumed to be zero. But, β1, β2, 
β3 and …βk are slope parameters to be estimated in the model. The 
slope tells how the log-odds in favor of paying for the use of 
irrigation water change as each independent variable changes. 
Equation 8 was used to identify factors affecting water user’s 
willingness to pay for irrigation water.  

Assuming that the probability of irrigator’s willing to pay for 
irrigation water supply is a linear function of bid value; the following 
probit model is specified to determine the average WTP of irrigation 
users: 
 

                         (9) 
 
By dividing the intercept ( 0) by the coefficient associated with the 
bid value ( 1) of Equation 9, the average willingness to pay for 
irrigation water can be determined. 
 
 
RESULTS AND DISCUSSION 
 
On-farm irrigation performance  
 
Land development and water use  
 
The total amount of water diverted annually by registered 
water users as measured by the basin authority is given 
in Table 1. Mean annual water used to develop 38,157 ha 
of irrigated area is about 819.13 million cubic meters. 
This is about 16.7% of estimated annual flow of the 
Awash River. In return for use of this amount of water, 
the authority collected on average 3.9 million Birr per 
year which is about 197,465 US$. This amount does not 
include maintenance charge which is variable based on 
area served and maintenance needs. For instance the 
maintenance charge was about 145 and 433 Birr/ha in 
2006   and   2010,   respectively . However,  maintenance 

Y* = Xi  +  
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Table 1. Number of clients, area developed, amount of water used and water charges collected every year. 
 

Year Number of clients Area cultivated (ha) Water used (million m3) Total cost of water service  (Birr) 

2006 56 37,572 844.06 3,861,730 
2007 74 41,688 911.75 4,427,283 
2008 76 41,427 821.53 3,961,898 
2009 59 32,006 722.50 3,339,218 
2010 63 38,091 795.80 3,868,557 
Mean 66 38,157 819.13 3,891,737 

 
 
 
services provided by the authority are most often limited 
to removal of silt from the main systems. The basin 
authority lacks information system for collection, 
management and processing of hydrological and land 
resources of the basin for effective planning and 
sustainable utilization of land and water.    
 
 
Irrigation efficiency and water pricing  
 
Figure 2 shows the irrigation efficiencies of 27 farms 
operated over 5 years. The efficiencies varied from 10% 
to more than 95%. However, 60% of the total samples 
considered (n = 135) operate with an irrigation efficiency 
of less than 35%. Whereas 75% of the total samples 
considered could achieve only an efficiency value of less 
than 45%. Higher efficiencies greater than 55% were 
obtained only by 14% of the total samples. The overall 
average irrigation efficiency is about 40%. Negative 
consequences of such inefficiency are widespread in 
middle and lower regions of the basin. Over-irrigation 
together with absence of proper drainage system in most 
of irrigation schemes in the basin has been causing rise 
in groundwater table, water-logging and salinity (Girma 
and Fantaw, 2005; Zelalem, 2010). These problems are 
increasingly threatening the sustainability of irrigation 
development in the basin (Dagnachew and Ayenew, 
2006; Ayenew, 2007).      

The extents of water applied to 18 cotton farms over 5 
consecutive years are presented in Figure 3. Irrigation 
water depth applied is highly variable ranging between 
228 and 4223 mm per season. Mean seasonal crop 
water requirement for cotton varied between 760 and 870 
mm. In comparison to the water demand, about 89% of 
sample cotton farms and 72% of sugar cane farms are 
over-irrigating their farms. Surface irrigation methods 
such as furrow, boarder and basin irrigation are widely 
practiced in the basin. These water application methods 
together with low level of irrigator’s knowledge are 
contributing to inefficient irrigation. The fact that most of 
the irrigators do not keep records of their production 
costs and revenue, they do not feel the income reduction 
effects of the low water charge.   

Observed effects of over-irrigation and lack of proper 
drainage in the basin  are  wide-ranging.   As  a  result  of 

groundwater rise, Beseka Lake which is highly saline lake 
found in the middle of the basin is increasingly expanding 
occupying many settlement areas and agricultural lands 
(Tamiru et al., 2006; Ayenew, 2007).        

In principle, pricing irrigation water is expected to 
enhance water conservation by reducing demand (Dinar 
and Mody, 2004; Rogers et al., 2002; Molle and Berkoff, 
2007). However, getting the right price that encourages 
irrigators to conserve water by remaining in irrigation 
business is a challenge (Johansson, 2000). Moreover, 
several researchers report the low price elasticity of 
irrigation water demand (Salman and Al-Karablieh, 2004; 
Doppler et al., 2002; Ruijis et al., 2008; Yang et al., 
2003). Berbel and Gomez-Limon (2000) indicated that 
water pricing as a single instrument for controlling water 
use is not an appropriate means to significantly reduce 
agricultural water consumption. This is because 
consumption is not reduced until prices reach such a 
level that they negatively affect farm income and 
agricultural employment. A rational farmer may respond 
in different ways to falling net income resulting from 
higher water pricing which according to Molle et al. 
(2008) include: (a) saving water by improving on-farm 
water management practices, (b) adopting improved 
irrigation technology, (c) shifting cropping patterns to less 
water demanding crops, (d) renting out land, or 
discontinuing agriculture in the case of a tenant, (e) other 
secondary responses (illegal water use, bribery, and 
tampering of structures). Most of these measures are 
targeting more to the reduction of water demand and not 
enhancing production which in turn lead to decreasing 
income. Salman and Al-Karablieh (2004) found in the 
highland areas of Jordan that water prices up to US$ 
0.35/m3 reduce farmers’ income without any effect on the 
production structure, but prices higher than US$ 0.35 
reduce the cultivated area and drive most agricultural 
production alternatives into unprofitable situations. 
Speelman et al. (2009) also reported that further 
increases in water prices beyond a certain level have not 
only limited additional effect on the efficient use of water 
because the higher prices do not only decreases water 
use but also reduce the profit of the farmers. At higher 
water pricing rate some farmers which are not profitable 
anymore may quit from farming activities which leads to 
water saving at sectoral level (Speelman et al., 2009)  but  
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Figure 2. Absolute and cumulative frequency of irrigation efficiency in Awash 
Basin (total number of farms 27 * 5 years data, n = 135, average efficiency = 
40%). 

 
 
 

 
 
Figure 3. Irrigation water applied (mm) to 18 cotton farms over 5 
consecutive years (2005-2010). 

 
 
 
leads to reduced agricultural production which in turn 
affects negatively the livelihoods of rural community.   

The pricing level practiced in Awash River Basin 
(0.00015 US$/m3) is low compared to 0.33 US$/m3 
Palestine (Abu-Amadi, 2009), 0.024 US$/m3 in Jordan 
(Doppler et al., 2002), 0.02 US$/m3 in Morocco (Dinar 
and Mody, 2004). Comparison of farms operating under 
water pricing and non-pricing system in the basin 
indicated that there is no significant difference in their 
overall performance including irrigation efficiency 
(Kibrom, 2012). This leads to the conclusion that the 
current pricing mechanism as a financial incentive is not 
adequate to encourage irrigators to conserve water and 
also    invest   in water saving     irrigation   technologies.  

On the other hand, it is difficult to relate inefficiencies 
observed in the basin with low level of pricing. Because, 
excess application of water than the crop demand is 
attributed to the “more water input – more yields” 
perception of local irrigators, lack of knowledge about soil 
– water – plant relationships and uncertainty of getting 
water for the next irrigation and associated risk aversion 
tendency of farmers. Moreover, poor water delivery, 
distribution and application systems are contributing to 
water losses and hence inefficiencies. Most of all, the 
pricing scheme and mechanism of collecting charges are 
focusing more on fund raising for the authority than 
encouraging efficient water management and covering 
service costs. Proclamation  number  129/1998  legalizes  
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Table 2. Crop productivity (tons/ha). 
 

Year 
Cotton (18 farms) Sugarcane (6 farms) Onion (3 farms) 

Mean Min Max St.D Mean Min Max St.D Mean Min Max St.D 

2006 2.45 1.31 3.50 0.64 176.6 145.0 200.0 23.3 16.8 12.5 20.0 3.88 
2007 2.66 1.60 3.60 0.50 172.8 135.0 200.0 25.0 18.4 13.2 22.0 4.61 
2008 2.56 1.50 3.20 0.57 173.8 116.7 205.0 36.8 16.5 14.0 18.0 2.18 
2009 2.44 1.31 3.30 0.60 182.9 116.6 212.5 38.5 19.3 13.5 23.0 5.11 
2010 2.34 1.20 3.50 0.63 182.9 116.6 212.5 38.5 17.9 13.8 20.0 3.52 
Mean 2.49 1.38 3.42 0.59 177.8 126.0 206.0 32.88 17.8 13.4 20.6 3.90 

 
 
 
the basin authority to collect water charges to cover its 
budget requirements. In some instances, group of 
farmers are using common off-take structures. The 
amount of water measured at these control points is 
divided by the number of served farms to determine the 
water charge. Under such condition where sometimes 
involved farms are equally charged for water, there is no 
incentive to conserve water. Although the principle of 
volumetric water pricing system is adapted, inability to 
accurately measure the quantity of water provided to or 
received by each irrigator remains a crucial problem.       
 
 
Output performances  
 
Productivity (tons/ha) 
 
Productivity performance of irrigated crops can be 
measured using indicators such as yield or monetary 
value of the total produce per unit of area. Most often the 
land productivity is measured in terms of yield per units of 
land used. The values of land productivity in terms of 
yield per hectare for cotton, sugarcane and onion over 
consecutive five years (2006-2010) are given in Table 2. 
The values varied not only from year to year but also 
between farms within the year.  

The five years consecutive observation of cotton 
productivity in eighteen farms in the Awash Basin showed 
results that varied from 1.2 to 3.6 tons/ha. Under 
optimum irrigation practices at Melka Werer research 
center in the same Basin, the productivity of cotton was 
reported to be 3.5 tons/ha (Tilahun, 2010) which is close 
to the maximum production obtained from eighteen farms 
over five years. The mean productivity across the years 
ranges from 2.34 to 2.66 tons/ha. Pereira et al. (2009) 
reported an average productivity of about 3.7 tons/ha for 
cotton in central Asia under full irrigation.  

The productivity of sugarcane as measured in six farms 
over five years ranged from a minimum of 116.6 tons/ha 
to a maximum of  212.5 tons/ha. The standard deviation 
(St.D) varied from 23.3 to 38.5 tons/ha. This productivity 
gap represents huge potential that could be tapped 
through improvement of management practices. FAO 
(2012) considers 120 tons/ha of fresh cane yield as a 

good yield worldwide. The productivity of onion ranged 
from 12.5 to 23.0 tons/ha and the average is about 18 
tons/ha. Compared to the production under research 
condition at Meka Werer in the same Basin which is 
about 35 tons/ha (Tilahun, 2010), the production obtained 
from three farms over five years is low. Kumar et al. 
(2007) reported that an average productivity of onion in 
Punjab areas of India under full irrigation was about 32 
tons/ha which is by far higher than this result.  
 
 
Water productivity (WP)  
 
The basic idea behind relating the amount of crop yield 
produced to the amount of water used is that the water 
consumed by transpiration is in exchange for the 
assimilation of carbon dioxide (through plant stomata) 
leading to the production of biomass (that is, the total 
volume of vegetative matter produced) of which usually 
only a part is harvested as yield (Perry et al., 2009). 
However, it is difficult most often to make separation 
between water used for transpiration and evaporation. As 
a result total amount of water applied to the filed during 
the production period was considered to measure WP (Ali 
and Talukder, 2008).  

The mean water productivity of crops considered is 
presented in Table 3. The values of WP ranged from 0.03 
to 0.52 kg/m3 for cotton, 4.4 to 13.5 kg/m3 for sugarcane 
and 1.0 to 1.8 kg/m3 for onion. Evidently, inefficiencies 
discussed in the previous sections have negative 
influences on WP. In areas like Awash Bain, where water 
scarcity is not yet an issue, WP has got less attention. 
Irrigators are less interested in high WP value unless the 
resulting crop yield is increased.   

Zwart and Bastiaansse (2004), after reviewing more 
than 16 published sources from different countries, have 
found that the water productivity of cotton varies between 
0.10 and 0.37 kg/m3. The results found in Awash River 
Basin shows maximum water productivity value of about 
0.52 kg/m3 which is greater than literature value. 
Regassa et al. (2007) found that the water productivity of 
cotton and sugarcane in India is 1.70 and 5.95 kg/m3 
under conventional irrigation, respectively. The authors 
provided evidences  of  enhanced  water  productivity  by  
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Table 3. Average water productivity of different crops (kg/m3). 
 

 2006 2007 2008 2009 2010 Mean St. D Min/Max 

Cotton 0.15 0.17 0.15 0.15 0.17 0.16 0.09 0.03/0.52 
Sugarcane 6.9 8.1 7.0 8.2 9.2 7.9 2.7 4.4/13.5 
Onion 1.3 1.5 1.4 1.6 1.6 1.5 0.23 1.0/1.8 

 
 
 

 
 
Figure 4. Productivity of cotton versus depth of water applied (18 faremers over 5 
seasons). 

 
 
 
adoption of water saving irrigation technologies. 
Compared to the water productivity range of 3 to 10 
kg/m3 given by Molden et al. (2010) for onion, the values 
found here are low.  

Under current condition wherein water scarcity is not a 
problem, concerns about WP is related to mitigation of 
undesirable consequences of over-irrigation such as 
water-logging, salinity and yield reduction. The WP in the 
basin could be enhanced by improvement of the irrigation 
management practices which are currently inefficient as 
described in the previous sections.    

Figure 4 shows the relationship between amounts of 
water applied and cotton yield per unit of land cultivated. 
The common trend of crop-water-production function 
depicts that the crop yield will increase with increasing 
water application up to a certain optimum level which 
results a maximum crop yield beyond which additional 
water application results in decreasing productivity. 
However, the results found here show decreasing trend 
indicating excess application portion of crop-water-
production function.  

The results show that there are significant productivity 
differences between irrigators who applied more or less 
same amounts of water. This might be attributed to 
differences in management practices including timing of 
water application and other inputs such as fertilizers. This 

variation in water use efficiency suggests that there is 
significant scope for inefficient farms to improve their 
practices to use water and other inputs more 
productively.  
 
 
Irrigation water supply performances 
 
Water supply performances were evaluated using three 
performance indicators, that is, relative irrigation supply, 
relative water supply and water delivery ratio. The results 
are presented in Tables 4 and 5.  

The results show that the values of all indicators 
considered are greater than unity implying that water 
supplied to the farms were in excess of the requirements. 
The average relative irrigation supply (RIS) was greater 
than 3 under cotton and sugarcane farms. This indicator 
compares specially the amount of irrigation water 
diverted to the fields with the amount of irrigation water 
actually required.  

The relative water supply (RWS) on the other hand 
relates the total volume of water applied (irrigation plus 
effective rainfall) to the volume of water required by the 
crops. The values of RWS range from 2.18 to 2.38 for 
cotton, from 1.69 to 2.50 for sugarcane and from 1.65 to 
2.39  for  onion.  Results  of  RIS  and  RWS   under   this  
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Table 4. Average seasonal relative irrigation supply (RIS). 
 

Crop 2006 2007 2008 2009 2010 Mean 

Cotton (18 farms) 3.27 2.83 3.68 3.07 2.89 3.14 
Sugarcane (6 farms) 3.86 3.29 4.03 3.33 2.10 3.32 
Onion (3 farms) 2.95 2.57 3.35 3.99 1.65 2.90 

 
 
 

Table 5. Average seasonal relative water supply (RWS). 
 

Crop 2006 2007 2008 2009 2010 Mean 

Cotton (18 farms) 2.38 2.18 2.56 2.29 2.32 2.35 
Sugarcane (6 farms) 2.50 1.97 2.38 2.00 1.69 2.11 
Onion (3 farms) 2.25 2.39 2.35 2.44 1.65 2.21 

 
 
 
section validate the finds of oversupply of water 
discussed under irrigation efficiency.  
  
 
Performance of charge collection  
 
Mean annual collected charges by ABA in relation to area 
developed and annual farms revenues are presented in 
Table 6. The water charge collected from farms ranges 
from 1.5 to 3.4% of the total farm revenue which is 
comparatively very low.  

The largest proportion of payment is due to service 
charges and O&M. These cost categories are not related 
to amount of water used. Rather they are dependent on 
area cultivated and hence cannot encourage irrigators to 
use water efficiently. As argued by Speelman et al. 
(2009), the effect of irrigation charges on agricultural 
water use efficiency might be insignificant if irrigation 
water costs represent too small a proportion of the total 
production costs. However, as the total costs of 
production inputs are not considered here, it is difficult to 
judge the value of water in relation to total revenue.  
 
 
Results of econometric models 
 
Determinants of WTP 
 
The results of the logit model, to identify factors affecting 
water user’s willingness to pay for irrigation water are 
presented in Table 7.  As it can be seen from the 
coefficient column, some factors such as educational 
level, household size, land size, land slop and distance to 
market are negatively related to WTP. Whereas factors 
like bid level, household income, off-farm income, access 
to credit, experience of irrigation are positively related to 
WTP.  

Relatively educated respondents had the fear of 
increased price if they identify themselves willing to pay. 

Speelman et al. (2008) found that education has got 
insignificant impact on efficiency of water which they 
attributed to low average education level in their samples. 
Family size is also negatively related to willingness to pay 
off a household.   

A household with access to credit and off-farm activities 
is willing to pay for irrigation water than those households 
with no access. Irrigators with longer irrigation 
experiences are also more willing to pay than those 
relatively short periods of experience.  

The land size is also negatively related to WTP. This is 
because, as the size of the land increases so does the 
total annual water charges and this decreases the 
willingness to pay off a household for irrigation water 
supply. 

However, all the regressors have a significant impact 
on the willingness to pay of farmers for irrigation water 
supply, as the LR statistic is 16.39, whose p value is 
about 0.00889, which is very small.  

However, a more meaningful interpretation of logit 
model is in terms of odds ratio, which are obtained by 
taking the antilog of the various slope coefficients. Thus, 
if the antilog of the off-farm income coefficient of 0.2159 
is considered, then the result will be 1.2410. This 
suggests that farmers who are participating in off-farm 
activities are more than 1 times likely to pay for irrigation 
water than those who have no access to off-farm 
activities. 
 
 
Average WTP for irrigation water 
 
The average willingness to pay of irrigation users using 
the probit model is determined as: Average WTP = 0/1 
where 0 is a constant term and 1 is the coefficient of the 
bid level. The results of the model are presented in Table 
8. 

The result from the probit model shows that the 
average    willingness  to   pay  off  a   farm household for  
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Table 6. Annual water charges in relation to total revenue from cotton (mean over 5 years). 
 

Farm number Land cultivated (ha) Total revenue (*1000Birr) 
Charges (Birr) % charge to total 

revenue Water Service O&M 

1 10.0 220 409 782 2,344 1.6 
2 39.2 634 2,126 3,065 8,872 2.2 
3 15.8 221 869 1,235 3,172 2.4 
4 8.4 151 385 657 2,120 2.1 
5 137.0 1,644 7,576 10,711 29,082 2.9 
6 15.0 177 1,203 1,173 3,718 3.4 
7 38.2 682 1,776 2,986 8,028 1.9 
8 1035.4 19,508 39,035 80,944 214,386 1.7 
9 2116.7 33,955 92,596 165,482 444,797 2.1 

10 30.0 646 1,000 2,345 6,368 1.5 
11 23.0 252 1,761 1,798 4,882 3.4 
12 24.4 373 1,454 1,908 5,210 2.3 
13 2375.3 43,137 128,052 185,702 546,946 2.0 
14 21.4 272 1,121 1,673 5,140 2.9 
15 11.0 217 523 860 2,335 1.7 
16 54.8 861 1,932 4,285 12,452 2.2 
17 64.4 1,202 1,793 5,035 15,796 1.9 
18 327.0 6,896 9,130 25,565 74,725 1.6 

 
 
 
irrigation service is 88 Birr per hectare of land served per 
year. This is about 11% more than the current level of 
pricing, that is, 78.11 Birr. The average willingness to pay 
of irrigation users for irrigation water is found to be 3.50 
Birr per 1000 m3 instead of the current charge which is 3 
Birr.  
 
 
Conclusions  
 
The current irrigation water pricing system in Awash 
Basin has got no influence on the performance of 
irrigation practices. The water charge adapted by the 
basin authority is fixed in 1994 by the then Ethiopian 
Water Resources Development Authority. Although, 
irrigation development is proceeding quite intensively and 
the need for proper management of the river basin 
becomes imperative, the price level has never changed 
since then. It is apparently low compared to the pricing 
levels practiced in many countries (Easter and Liu, 2005). 
According to Ethiopian Water Resources Management 
Regulations (115/2005), Council of Ministers is 
responsible to determine water charges. Nevertheless, 
charge for irrigation water has not been legally 
determined.     

Moreover, the current collection of water and service 
charges in the basin has been serving more, the 
purposes of fund raising to enable the basin authority 
exist than providing improved water services. Given 
insignificant contribution of the collected water and 
service charges to water  management,  water  users  are 

willing to pay 17 and 11% more water and service 
charges respectively compared to the current prices. 
Even with the additional money, the users are willing to 
pay for the current poor level of services they are getting 
which is low; this extra amount could be used to improve 
the water delivery services.  

  It is quite clear that increasing the water charge to the 
level of WTP found in this study would increase the 
income of the basin authority but reduces that of the 
farmer’s income without much impact on water 
management practices. So far, water scarcity is not felt 
as a problem in the basin. As a result, the basin authority 
and irrigators have not been worried about water 
allocation and efficiency in water use. However, the fact 
that Awash River basin is the most intensively developed 
basin in the country, the importance of its sustainable use 
and management should not be overlooked. Over-
irrigation coupled with lack of proper drainage system in 
the basin is adversely affecting agricultural production 
and the environment (Zelalem, 2010; Ayenew, 2007; 
Dagnachew and Ayenew, 2006; Tamiru et al., 2006; 
Wondimagegne and Abere, 2012).  

Large-scale irrigation schemes which are the dominant 
users of the basin’s water are operated by public 
agencies and funded from public resources. Hence, the 
change in operational procedures followed by these 
agencies can effectively be made through government 
polices than a simple rise in water charge. These 
schemes divert several hundred million cubic meters of 
water every year. Hence, there is huge water saving 
positional  in  these  schemes  which   could   be   tapped



564        Afr. J. Agric. Res 
 
 
 

Table 7. The regression result of the determinants of the WTP from Logit Model. 
 

Variable of the model Coefficient Standard error Z P > (Z) 

Bid level 0.0377 0.0719 0.5300 0.5990 
Educational level -0.4201 0.2592 -1.6200 0.1050 
Household size -0.2601 0.2738 -0.9500 0.3420 
Household income  0.0001 0.0000 1.6500 0.1000 
Land size -0.0210 0.0261 -0.8100 0.4200 
Off-farm income 0.2159 1.3279 0.1600 0.8710 
Access to credit 0.3991 1.5528 0.2600 0.7970 
Irrigation experience 0.0727 0.0901 0.8100 0.4190 
SLOPE -0.1291 1.5750 -0.0800 0.9350 
Distance to market -0.0468 0.0622 -0.7500 0.4510 
CONSTANT -1.9261 70751 -0.2700 0.7850 
Number of observations = 31, Likely hood ratio (LR) χ2(10) = 16.39Prob > χ2 = 0.00889, Log likelihood = -
10.47955, Pseudo R2 = 0.4389. 

 
 
 

Table 8. The Regression Results of the Probit Model. 
 

WTP Coefficient Standard Error Z P> (Z) 

Bid level 0.070237 0.0359 1.9500 0.0510 
CONSTANT 6.178598 3.2566 -1.900 0.058 
Number of observations = 31, Likely hood ratio (LR) χ2(10) = 12.24, Prob > χ2 = 0.0005, Log 
likelihood = -12.5572, Pseudo R2 = 0.3276. 

 
 
 
through improvement of irrigation management. Pricing 
water will have only limited influence on public agency 
operated schemes as the money is paid from the public 
pocket.  

Given the existing low level of farmer’s knowledge 
about irrigation, widespread poverty and food insecurity, 
lack of capacity to afford improved technologies, 
government ownership over large-scale irrigation 
schemes, it is unlikely that increased pricing will translate 
into water management improvement. Introduction of 
increased pricing policies without improving water 
provision and other input services would add burden to 
small-scale farmers and will not be feasible.  

The pricing system in the basin has been serving two 
purposes. First, generating revenue for the basin 
authority to exist and operate. Second, covering 
maintenance costs of primary canals which most often 
are limited to removal of silt. So, neither irrigators nor the 
authority considers water pricing as a measure of water 
demand management. The basin authority needs to build 
its capacity to be able to monitor the water resources of 
the basin, ensure efficient allocation and management of 
the basin’s water. Most of all, implementation of 
volumetric water pricing system requires capacity to 
measure the amount of water used by individual farms 
and improvement of water delivery and distribution 
systems to minimize losses. This requires high 
investment and operational capacities.  
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