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Abstract 

'Using the contingent va{uation method (C'II'J,{), the study sets out to ana{yze detemtinaMs of househoCtfs' 

WIP, estimate tota{ WIP of and derive aggregate demand for non-crop uses of irrigation water. 'Ifte study 

used cross-sectioua{ data corrected from 260 househoMs in the 'B{ue 0{jCe 1{jver 'Basin of tfie Jlmhara 'Rsgiona{ 

State of 'Ethiopia through dou6Ce-60unded va{ue elicitation format with open-ended fo{{ow ttl' questions 

ttnder detaiCed descriptions of two different scenarios, nameEy, e>dsting and improved irrigation water suppEy 

for domestic uses. 'Ifte empirica{ modeCs adopted 6y this study are pro6it and 6ivariate pr06it modeCs. 

'!?..esu{ts of the study revea{ that respondents ' WIP is affected 6y a nttm6er of e;t;pranatory varia6{es indttding 

institution-reCated varia6{es stICh as water users associations ('Wl.JJils), water father and commtmity-6ased 

water management and choices of these institutions, and socio-economic varill6Ces Cili:!- income, <ueaCth, 

O</JIUrship of 0" age, edtlCation and famiEy size of respondents. JI{though femaCes are responsi6{e to fetch 

water for domestic uses, 6eing a femaCe has no significant effect on the pro6a6iCity of acceptil1iJ the proposed 

6id. Specific {ocation of users, site, quantity a.nd qu.ality of irrigation water for domestic uses are other 

e'P{anatory varia6{es that affect consttmers ' WIP for non-crop uses of irrigation water. 'Ifte study aCso finds 

that using dou6{e-60unded va{ue eEicitation techniques does not improve statistica{ efficiency over sing{e-

60unded fonnat. 

'Tota{ WIP for gardenil1iJ and domestic use of irrigation water is estimated 6ased on open-ended and singCe-

60unded va{ue dicitation formats and our scenarios. Jlssuming e:tjsting irrigation water quaEity, tota{ WIP 

for these uses of irrigation water is 'Birr 291, 776 and 363,063.6 per year using open-ended and sing{e-60unded 

mean WIP, resptctiveEy. Jlfter proposing quaEity improvement for domestic uses o/irrigation water 6ut with 

e:>;,isting quaEity for gardening, the respective tota{ WIP increases to 'Birr 361,336 and 409,441.6 per annum. 

'Ifte fo[[owing po[icy imp[ications are derived from the study. :First, faciCitating esta6[ishment and 

strengthening capacity of 'Wl.JJils through decentrafization couM improve efficient Q/ld eqttita6Ce uses of 

irrigation water. Second, since househoMs are wi[£ing to pay for mu{tipCe uses of irrigation water, introatlCing 

pricing in irrigation water uses may 6e promisil1iJ. :Fina[Ey, consideril1iJ mu{tipCe uses of irrigation water in 

devdoping and impCementing irrigation water projects ensures sustaina6iCity and reduces confacts among uses 

and users of irrigation water. 

Key words: non-agricultural uses, irrigation water, CVM, WTP, Blue Nile, Ethiopia 
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Chapter One 

Introduction 

1.1. Background 

Water, which constitutes about 75% of the earth's surface and about 75% of human body, is a 

special economjc good that has some basic characteristics. Individually, these characteri stics 

may not be restrictive, but in combination they show that water has to be dealt with in a very 

special way. These basic characteristics include, firstly, water is essential in the sense that there 

is no li fe , no economic production, no envi ronment and no human activities without it. This may 

make water special , but not unique. The same can be said about air, land, fuel and food. 

Secondly, water is scarce. That is, in many parts of the world, increasing demands for water for 

irri gation , domestic , industrial and environmental uses have created more scarcity and 

competition for this vital resource. Thi rdly, water is fugitive, i.e. , it is gone if not captured and 

flows if not stored. Fourthly, since water is too bulky, it is not traded over long di stances. 

Fifthly, water is a resource with a system where several processes (infiltration, surface runoff, 

recharge, seepage, re-infiltration and moisture recycling) are interconnected and interdependent 

with only one direction of flow: downstream. Sixthly , water is without substitutes. Although 

other economic goods have alternatives, water has none (Savenije, 2001). 

Globall y, approximately 47,000m3 renewable water has been generated per year from oceans 

through evaporation of which about 41 ,000m3 (87%) are potentially exploitable per year. Of the 

fresh water available for human consumption, we are using about 40-60% (Johansson, 2000). 

uTigation accounts for about 70 per cent of all global fresh water use, while industry and 

domestic uses consume 23 per cent and 8 per cent, respectively (Matsuno et aI. , 2002 and Jensen 

et aI. , 1998). This implies that available fresh water is used for agricultural and non-agricultural 

purposes. 
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Although primary purposes of ilTigation systems are supplying water at the appropriate time and 

quanti ty to the agricultural sector in order to ensure food security particularly in rural areas of 

low-income countri es, these systems also provide water for a wide variety of less documented 

non-agri cultural+ uses. According to Meinzen-Dick and Jackson (1997) , non-agricultural uses 

of ini gation water can be seen as consumpti ve purposes such as gardening, drinking water, 

livestock watering, fodder production and construction, and non-consumptive uses including 

washing, bathing, fishing , and religious and recreational uses. The pressure on irrigation water 

for non-crop purposes is hi gher in situations where it is difficult, expensive or even impossible 

to develop new water suppl y systems for domestic uses. In arid and semiarid parts of the world, 

especially the developing coun tries, water from irrigation systems is the so le source for 

domestic uses such as drinki ng, washing and other related purposes (Boe lee and Laamrani , 

2004) . 

1.2. Statement of the Problem 

Ethiopia is the water tower of north-eastern Africa with surface annual run-off of 122 bi lli on m] 

The three largest ri vers, namely, Abbay, Baro-Akobo and Omo-Gibe accoun t for about 76% of 

this total surface annual run -off. The coun try has also an estimated ground water potential of 2.6 

billion m] Land sui table for irrigation is estimated to be 10 million ha, of wh ich only 500,000 

ha (5% of the potential) is cUlTently utili zed, which accoun ts for on ly 3% of country's total food 

production. The country 's hydropower potential, which is 650TWH per year, stands second in 

Aflica next to Democratic Republic of Congo (DRC) (MoWR, 2002 and FDRE, 2002a). 

However, by the degree of water withdrawal in relation to water availability, water is 

economica ll y more scarce than many other resources in Ethiopia as it has on ly made use of 

about 3% of its available water resources, especially in the area of agriculture (in"igation). The 

limjted water withdrawal has created a signifi cant soc ial, economic, environmental and political 

crisis in the country mainly due to absence of infrastructure, organizational set up, policies and 

legislations that provide different serv ices of water for different users at the required quality, 

quantity, time and location . Some of the problems are, on average, 6 million people are exposed 

'" In this paper the terms non-agricultura l and non-crop uses of irrigation waler are used interchangeably. 
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to reCUITent drought annually including the surplus producing areas and vulnerability of 

agricu ltural sector to drought. For instance, the 1984/85 depression, where real value-added in 

the sector declined by 20% and real GDP fe ll by over 9% (the worst dllling the last four 

decades) is mainly due to shortage of rainfall. Similarly, in 1997/98 and 2002/03, agricu ltura l 

growth per year declined by 11.2% and 12.2%, respectively, as a result of drought (MoFED and 

NEE data bhse); diseases caused by water related problems account for 70% of the di seases in 

the country; 25% of the li vestock of the country are lost due to drought each year; 40% and 75% 

of the urban and rural population does not have access to clean drinking water, respectively, and 

90% of the population does not have access to electricity (FDRE, 2002a and MoWR, 2002). 

T hus, one of the paradoxical facts of Ethiopia is that on the one hand the country is the water 

tower of north-eastern Africa and on the other hand it is one of the most food insecure and 

drought affected countries on the planet. This situation is not only due to high dependence on 

nature particularly rain-fed agricu lture (i.e. , lack of investment in in'igated agriculture) but also 

lack of appropriate technology and water institutional regimes that ensure efficient and equitable 

allocation of water among users and use systems in a sustainable manner. 

By realizing thi s fact , the country has developed a IS-year water development plan , which aims 

to narrow the CUITent 'gap' between demand and supply by increasi ng suppl y. The intention of 

the plan is to address most of the gaps with-in IS years time (2002 - 2016) through increasing 

the number of large, medium and small scale new water suppl y in frastructures, maintenance of 

the existing structures and introducing efficient water supply technologies. Among the water 

sectors, agricu lture (iITigation) has got due attention because of the national development 

strategy (Agricultural Development Led Industriali zation , ADLI) (MoWR, 2002). Sustainable 

Development and Poverty Reduction Program (SDPRP) of the country also stressed the 

imp011ance of safe drinking water supply, sanitation, inigation, hydropower, etc. (FDRE, 

2002a). Simi larl y, the Nile Basin Initiative introduced in 1999 emphasized efficient uses of 

ilTigation water fo r aglicultura l sector (Ni le Initi ative Secretariat, 2001). But both nati ona l and 

regional water development plans have marginalized the multiple uses of irrigation water. The 

IFAD special country program phase-II, which was implemented in 1999 also plimarily deal s 

with small scale ilTigation in different regions of the country including Amhara, Oromiya, and 
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Tigray (FDRE, 2002b). The program also basically ignored non-agricult ':!ral uses of inigation 

water among small scale farmers where other sources of water for non-crop uses are limited. 

Hence policy makers/practitioners cannot make comprehensive water resource utili zation plans 

and management as non-agricultural uses have been excluded or ignored from both national and 

regional water development programs. 

The quantity of water used for non-agricultural purposes is small relati ve to total quantity of 

water diverted for itTigated agriculture, but the former use values of irrigation water are higher 

in terms of household income, nutrition and health in rural areas (Meinzen-Dick and Bakker, 

2001). Thus, the implication here is that estimating economic values of irrigation water based on 

in'igation output (or crop per drop) essentially leads to underestimation of the total value of 

itTigation water. Moreover, failure to take into account non-agri cultural uses of irrigation water 

has implications for inigation water management and assigning water rights, especially as 

increasing scarcity challenges existing water allocation mechanisms. 

1.3. Objectives of the Study 

The general objective of thi s study is to analyze the economic values of multiple uses of 

irrigation water emphasizing its non-agricultural purposes using data from the Abbay (or Blue 

Nile) River Basin of the Amhara Regional State of Ethiopia. The specific objecti ves of the study 

are to: 

';> Elicit consumers ' willingness-to-pay (WTP) for non-crop uses of itTigation water and 

identify major socia-economic determinants of their WTP for such uses of inigation 

water; 

';> Examine the impact of institutional setup (or propetty rights regimes) related to 

inigation water uses and land tenure security on the respondents ' WTP for non

agricultural uses of itTigation water; 

';> Identify whether women are more willing to pay for non-agricultural uses of irrigation 

water compared to men ; 

';> Estimate total WTP of and the demand for non-agliculturaluses of in igation water; 
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}> Draw concl uding remarks and policy recommendations relevant to the existing situations 

of the country 

1.4. Research Questions 

.:. What are the key soc io-economic detenninants of households' WTP for non-agricultural 

uses of itTigation water? 

.:. Do inigation water institutional regimes and land tenure security have any impact on the 

respondents' WTP? 

.:. What would be the non-agricultural use values of itTigation water? 

.:. Are women willing to pay more for non-crop uses of irrigation water compared to men? 

1.5. Significance of the study 

CutTently, there are a number of problems bested rural Ethiopia that include chronic food 

insecurity, lack of access to safe drinking water, water bom communicable di seases, low 

agticultural productivity and low utili zation of electricity, which are challenging for the 

govemment and the people. One of the causes of these and related problems is lack of 

appropriate and comprehensive water use policies and institutional setup that ensure multiple 

uses of this vital resource (particularly ilTigation water) among vatious uses and users. In thi s 

regard, identifying and promoting multiple uses of inigation water and accordingly valuing its 

economic uses partly improve its allocation among vatious uses and users that in turn 

contributes to the millennium development goals. Since non-agricultural uses of irrigation 

water has important implications on health, income and nutritional status of rural households, 

enhancing multiple uses of irrigation water improves welfare of these users in all aspects (food, 

health , cash income, better nutrition , etc.). Establishing and strengthening capacity of 

appropriate water institutions like WUAs help to avoid conflicts among in'igation water uses 

and users. It also has significant role in enhancing efficient and equitable irrigation water 

allocation. The area requires vigorous studies to make policy implications relevant to the 

particular situation of the country. In thi s regard, the findings of the study conttibute a lot. 
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1.6. Organization of the Study 

The rest of the paper is organized as fo llows. The second chapter deals with literature survey 

fo llowed by the third chapter, which is devoted to the data and empirical models. The fourth 

chapter provides descriptive analysis, estimation results and di scussion. Finally, the study 

provides concluding remarks and policy recommendations relevant to the existing si tuation of 

the country. 

1.7. Limitations of the Study 

Despite its originality, the study has some limitations. Firstly, the sample size is limited and 

hence it may not be representative. Secondly, time and finance limit us to a specific area in the 

Blue Nile River Basin. Lastly, the study basically emphasized the benefit side of ilTigation 

water. That is, it did not consider the cost side of irrigation water projects as information on 

costs is not available l
. 

1 But even if costs are avai lable, the study is look at part of the total value of irrigation water (only non-crop use 
values) and hence it is difficult to compare the total costs with the total benefits. 

6 



Chapter Two 

Literature Survey 

2.1. Theoretical Framework 

2.1.1. Economic Theory and Environmental Valuation 

The theoretical basis of environmental valuation techniques is basicall y derived from welfare 

economjcs, which is built on the utilitarian moral phi losophies. Utilitarian moral phi losophy was 

developed by phi losophers li ke David Hume (1711-1776), Jeremy Bentham (1748- 1832) and 

John Stuart Mill (1806-1873). The most completed version of the moral philosophy was in the 

Uti litarianism (1863) work of Mill. The central ax iom of this philosophy is that utility is 

comparable over time and over indi viduals . Thus, social welfare is a weighted average of 

utilities enjoyed by all individuals in the relevant soc iety (Perman et aI. , 1999). 

The change in utility due to change in prices, quantities or both leads to a change in welfare of 

the society. Then, by converting changes in uti lities into monetary values, it is possible to 

calculate welfare changes due to the above reasons. 

The starting point is the conventional utility maximization theory, which argues that an 

individual max imi zes uti lity from consumption of marketed goods and non-marketed 

environmental goods subject to income leve l or the budget constraint. That is, 

II 

Subject to: 
~X.P=y. L..J I 1 ) ... .. .. . . .... .... . . . . ... ... . . . . .. . ..... ....... . .. (1 ) 
i=! 
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Where: 

Uj =utility of individual j 0=1,2,3, ... , m) 

Xi=vector of marketed commodi ties (i=1 , 2, 3, .. . , n) 

Z= vector of non-marketed environmenta l goods 

Pi= market price of the i'h commodity 

Yj = income level of indi vidual j in monetary value 

Then Lagrangean function of this utility maximization problem may be written as: 

11 

L = U (Xi'Z) - A,(Yj - L XJ>J ... ... .. ..... .. ............ .. (2) 
i= 1 

Where: A = the Lagrangean multiplier 

Then, the first-order necessary conditions of the Lagrangean function (assuming interior 

solutions) become: 

o .... .. . . .... . .... . ... . .. . . ... . ... (3) 

Sol ving equation (3) for Xi gives us what is known as the Marshal li an (or ordinary) demand 

function , which depends on market price (Pi), money income (Yj ) and environmental goods (Z). 

That is, 

x X (Pi' Y j , Z ) ...... ....... ..... ... .. ... ..... ..... ... ..... (4) 
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For the Marshallian demand function, the welfare changes due to price changes is given by the 

area between two price li nes bounded by the Marshal li an demand curve. Thi s is basically equal 

to the consumers' surplus (CS), wh ich is defined as: 

cs f PI 

Po Xi(Pi,Z,Y)d~ .... ..... ....... ........ .. . (5) 

Now, substituting (4) into Ui = U(X; , Z) yields the indirect uti lity function given as fo llows: 

v = (P,Y,Z) = U(X(P;,Y,Z),Z) ................ .. ..... . (6) 

The indirect utili ty function depends on market prices of commodity (X), money income (Y) 

and environmental commodi ti es (Z) . 

However, both direct and indirect utilities are unobservable and hence it is impossible to 

measure we lfare change due to price changes based on the uti lity concepts . Fortunately, there 

are two basic concepts, namely, the compensation variation (CV) and equivalent variation (EV) 

to measure we lfare change due to price changes. That is, CV and EV are the conventional 

welfare measures (for the price changes) corresponding to the maximum amount of money an 

individual wou ld be wi lling to pay (WTP) to secure the change or the minimum amount he/she 

would be wi ll ing to accept (WTA) to forgo the change (Hanemann, 1991). 

Suppose the price of a marketed commodi ty declines from po to p l. In terms of indirect utility 

function, the CV and EV measures for thi s change become: 

V(pO, Z, Y) = V(pl , Z, Y - CV) ......................... (7) 

V(pO ,Z,Y + EV) = V(pl ,Z, Y) ... ... ..... .............. (8) 
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T he dual problem of the utility maximization in (I) is expenditure minimization . 

That is, 

Subject to: U(Xi,Z)=U ... ...... ..... ..... .. .. ..... .... .... .......... ... (9) 

Where: U= a given minimum utility level 

Solving the first-order necessary conditions of the Lagrangean function of the expenditure 

minimization problem yields the demand function known as Hicksian (or compensated) demand 

function, wh ich may take the form: 

hi = h(P ,Z,U) 
........ .. .. ... ............. ...... .. ......... (10) 

And expenditure function of the form: 

/I 

e (P , Z , U ) = L Pi h (P , Z , U ) .... ..... .. ... ..... ..(11) 

i= 1 

Then, in telms of the expenditure function , the CV and EV can be defined as: 

CV = e(pO,Z,UO)-e(p1,Z,UO) ...... ...... ... (12) 

E V = e (P 0, Z, U 1 ) - e (P 1 , Z , U 1 ) .......•.... • ... (13) 

Welfare measures can also be defined for changes in quantities of environmental goods. The 

quantity-constrained nature of the problems implies that consumers cannot adjust for quantity 

changes to ' satisfy the conventional optimizing conditions of equality of marginal rate of 

substitution and plice ratios. T hus, in such a case the appropriate measures of welfare change 

are compensating surplus (CS) and equi valent surplus (ES) (Freeman , 1993). 
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By differentiating the indirect utility function in (6) wi th respect to the environmental goods (Z), 

it is possib le to indicate welfare change due to changes in environmental commodities. That is, 

av(p,u,Z) 

az 
au(x(p,y,Z),Z) 

az '" """"""""""" ,.(14) 

f1U J =V(p,Y,ZI)-V(p,y,ZO) "" .. " ... " ..... ",,(15) 

Equation (15) implies changes in welfare of single individual for changes in Z from ZO and ZI 

wh ile price and income remain constant at P and y , For all individuals in the relevant society 

the welfare changes become: 

111 m 

I,~U ) = I,{V(P,Y,Zi)-V(P,Y,ZO)L"" .. " .. """ .. (16) 
)=1 )=1 

This implies that the welfare impact of changes in environmental goods is equal to the sum of 

the indi vidual marginal valuation of that good between ZO and ZI, 

Ceteris paribus, change in Z from ZO to ZI (ZI> Zo) leads to change in the indirect utili ty 

function from y O = Yep, ZO, Y) to yl =y(P, ZI , Y) (yl> yO), Then, the compensating surplus 

(CS) and equivalent surplus (ES) measures for thi s change are defined, respectively, as: 

v (P, Zl, Y - CS) = V (P, ZO, Y) "" .. "" .. " .. ....... ".(17) 

V (P , Z 1 , y) = V (P , Z 0 , Y + E S) " .... .. .... ... "." .. .. ". (18) 
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It is also possib le to define the CS and ES in telms of the expenditure function as: 

CS = e(P,ZO,UO)-e(P,Zl,UO) ...... .. ...... ...... (19) 

ES = e(P, ZO, U1
) - e(P, ZI, U1

) ........... . .. .. ..... (20) 

Therefore, CS due to change in environmental goods (Z) measures the maximum amount of 

money that indi viduals are wi lling to pay to secure any positive change in Z whi le ES measures 

the minimum amount of money indi viduals are willing to accept in compensation for any 

reduction in environmental quantities, qualities, or both. 

2.1.2. Methods of Environmental Valuation: Direct and Indirect Approaches 

Over the past few decades, several valuation methods have been developed to analyze the types 

of economic values associated with environmental and natural resources (Hanemann, 1994). 

These valuation methods can generally be classified into two groups, namely, direct and indirect 

methods. 

2.1.2.1. Direct Methods of Environmental Valuation 

The direc t approach (or stated or expressed preference method) refers to the direct expression of 

individuals' willingness to payor willingness to accept in compensation for any change in 

environmental quantities, qualities, or both. That is , direct valuation method involves direct 

estimation of environmental value based on the responses of individuals to the hypothetical 

valuation questions and hence it does not depend on market information (Freeman, 1993) . A 

typical example of direct valuation method is the contingent valuation method (CVM). 

The CVM in volves the use of sample surveys (questionnaires) in order to elicit the willingness 

of respondents to pay (generally) for hypothetical projects or programs. The name of the method 

refers to the fact that the values stated by respondents are contingent upon the constructed (or 

hypothetical) market presented to respondents (Portney, 1994). Mitchell and Carson (1989) also 
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defined the CVM as a survey technique that attempts to elicit information about individual 

preferences for a good or service by directly asking individuals questions on how much they 

value the good or service. 

In the contingent valuation method, respondents are asked various questions on the basic issues 

such as the maximum amount they are wi lling to pay (WTP) to access and enjoy any welfare 

gain due to an improvement in environmental quantities, qualities or both or the minimum 

amount they are willing to accept (WTA) in compensation for welfare loss due to deterioration 

in environmental quantities or qualities or both. The basic idea of the contingent valuation 

method is that in the hypothetical market it provides a means of deriving values when they are 

not observed in the real market i.e., when values cannot be obtained in more traditional ways 

(Tietenberg,2003). 

The history of the CVM can be traced back to 1940s when Ciriacy-Wantrup (1947) wrote about 

benefits obtained from preventing soil erosion, conserving some biodiversity and reducing 

siltation of streams by directly asking individuals for their maximum WTP. Unfortunately, he 

did not attempt to use it. Almost after two decades it was Davis (1963) who is said to have 

applied the contingent valuation method in academic research for the first time where he tried to 

estimate the value to hunters and wilderness lovers of a particular recreational si te. Since then 

pm1icularly in the 1970s resem'chers in natural resource and environmental economics have 

made increasing uses of the CVM in order to value non-marketable natural resources. In the mid 

1990s a bibliography lists 1,600 studies and papers using the CVM from over 40 countries on 

several topics including sanitation, health, environment, transportation and education 

(Hanemann, 1994 and Portney, 1994). However, studies using the CVM formed a sOli of 

academic industry and it is only in the late 1980s that contingent valuation studies began to 

receive the kind of scrutiny normally devoted to the evidence in high-stake legal proceedings 

(POl1ney, 1994). 

CV surveys entail three operations, namely, designing a survey questionnaire, conducting a 

survey, and analyzing the survey results (Kaliba et aI., 2003). Although there is no standard 

approach in designing contingent valuation surveys, the following basic components must be 
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there. Firstly, the surveys must contain a detailed description of the situations respondents are 

being asked to value. Secondly, the surveys must have mechanisms for eliciting value from the 

respondent. These mechanisms can take several fOlms including open-ended questions, bidding 

games, payment card and single bounded and double bounded referendum formats. Thirdly, 

contingent valuation surveys usually eli cit information on the socio-economic characteristics of 

the respondents such as age, sex, income level , education, marital status, and fami ly size 

(Christe and Schuwab, 1995 and P0I1ney, 1994). 

Since the 1970s many researc hers have employed the CYM due to its basic advantages over 

other methods of valuation. Firstly, it captures both use values and non-use values and hence it 

is more comprehensive. Secondly, the CYM yields compensated or equivalent income consumer 

surp lus from the Hicksian (or compensated) demand functions. 

Although a number of researchers have employed the CYM, USlI1g such survey method has 

some basic problems in the sense that survey respondents could give biased information. Four 

major potential biases in contingent valuation surveys are: strategic bias, starting point bias, 

hypothetical bias and information bias (Tietenberg, 2003). 

The basic idea of strategic bi as is that a respondent or groups of respondents may give biased 

information (answer) to influence a pal1icular outcome. Such information may not reflect the 

actual value of the resource being valued. 

The concept of starting point bias refers to su rvey instruments in which respondents are asked to 

check of their answers from a predefined range of possibilities. T he problem here is that how the 

survey questionnaire is designed may affect the resulting answers. For instance, a survey 

questionnaire with a range of $0-$100 may produce different result compared to a survey 

questionnaire with arrange of $50-$100. 

As the name indicates, in hypothetical survey questionnaires , respondents are confronted by an 

artificial set of alternatives rather than actual choices. Since the respondents are not actuall y 

expected to pay the estimated values, the respondents may treat the survey as providing ill -
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considered answers. Studies in the literature tried to compare WTP estimated based on 

hypothetical survey with actual expenditure and some reported that estimated va lue from the 

hypothetical WTP survey resu lts are higher than the actual expenditure while majority of the 

studies found that the differences are not stati sticall y significant (Hanemann, 1994). 

The problem of information bias may arise in the situation where respondents are asked to value 

attIibutes with which they have no or little experience. Thus, if respondents have no experience 

about attributes of resources they are asked to value , the valuation will be based on an entirely 

false perception. 

Choice experiment (CE) is also another stated preference method in which individuals are given 

a hypothetical setting and asked to choose their preferTed alternative among several alternatives 

in a choice set, and they are usually asked to perforTO a sequence of such choices. Each 

alternative is described by a number of attributes or characteristics (Alpfzar et aI., 2001). 

However, CE is not popular and ease compared to the CVM and hence the study employs the 

CVM as it is simpler for estimation of the total value of non-agricultural uses of inigation water 

(using CVM) as opposed to the values of pal1icular characteristics/attributes of a certain non

agricultural use (using CE). 

2.2.1.2. Indirect Method of Environmental Valuation 

T he indirect approach (or revealed preference method) involves inferTing about the 

unobservable demand for and hence value of the environmental goods and services based on the 

observable demands for the related marketable goods and services. That is, using information on 

market transactions for related private goods and serv ices , economists try to infer the demand 

for environmental goods and services (Freeman, 1993 and Tietenberg, 2003). The indirect 

methods include travel cost method (TCM) , hedonic pricing method (HPM) and avert ing 

expenditures. 

The basic idea of TCM is that it infers the value of a recreational site (such as parks and lakes) 

using information on the amount of money and time individuals spent to enjoy that site. Thus, it 
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measures val ue of environmental resources based on actual (or observed) preferences. However, 

a main drawback of this method is that it ignores non-use values of envi ronmental resources 

(Tietenberg, 2003). 

Hedonic plicing (HP) derives from characteristics theory of value and it has been mostly applied 

to estimate the value of air quality using information about the price of houses and 

characteristics of housi ng such as age, size and number of rooms and neighborhood 

characteri stics li ke crime rate and availability of public goods (e.g. roads) and level of air 

quality (Palmquist, 1984). In recent years , the HPM is applied to wider areas such as 

aglicultura l land, land rents, effects of climatic conditions on agriculture, urban land, etc . 

(Kolstad, 2000). 

However, there are a number of problems that beset the HPM. Firstly, if consumers are not well 

informed about attributes of the good being va lued, HP estimates are of little relevance. 

Secondl y, it imposes strong assumptions concerning separability of consumers' utility functions. 

Thi rdl y, it suffers from econometric pitfall s such as identification problems, endogeneity 

problems, non-linearity and functional form (Palmquist, 1984). 

In this study we employ the CVM to elicit consumers' WTP for non-agricultural uses of 

ilTigation water. The main reason is that the market does not exist for non-crop uses of in'igation 

water. Thus, it is impossible to get such use values based on market information. Besides, 

indirect methods are inappropri ate as they need existence of markets for related goods to infer 

val ues of environmental goods. 

2.2. Empirical Review 

2.2.1. Multiple Uses of Irrigation Water: Country Experience 

In developing countries, inigated agriculture has consumed the largest share of fresh water, 

accounting over 80% of water withdrawals (Boelee, Laamrani and Van der Hoek, 2000). The 

primary purpose of irrigation systems is to produce field crops (i .e., water for agricultural uses). 
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However, in low-income countlies where modern sources of water supply is limited, irrigation 

systems suppl y water for a large number of non-crop production uses including drinking water, 

livestock watering, gardening, fi shing, construction , washing, religious ceremonies, recreational 

uses and maintaining biodi versity. Sometimes in semiatid areas of deve lop ing countries 

irrigation systems may be the only possible source of water to fulfill the domestic water needs of 

households (Bakker et aI., 1999, Boelee et aI. , 2000, Meinzen-Dick and Bakker, 2001, Van der 

Hoek et aI. , 2001, Renwick, 2001 , Van der Hoek et aI. , 2002, Van der Hoek, Boelee and 

Konradsen, 2002, and Boelee and Laamrani , 2004). 

Modern water supply systems, which are implemented with the help of water and sanitation 

experts and aimed at providing pure drinking water of limited amount (about 25-50 liters per 

capita per day) also, provide water for productive activi ti es like small-sca le enterpri ses . Thi s 

may lead to the over-use of water fro m such systems and hence often leads to the breakdown of 

the systems (Penning de Vries et aI. , 2003). T hi s implies that water systems (inigation or 

modern drinking water systems) have multiple purposes (i.e., have uses outside the domai n of 

their primary purposes). This multiple use of water is recognized by indigenous water suppl y 

systems. 

An estimate indicates that in developing economies the demand for non-agricu ltural uses of 

water has been increasing faster (even 100%) between 1995-2025 due to population growth , 

urbani zation , and economic expansion (Southeast Asian countri es) in the face of growing water 

scarcity, which has been worsened by severe constraints on the supply side. The constrain ts 

include: limited sources parti cularl y in dry areas of NOl1h Africa, West Asia and nOlthwest India 

and economic constraints that slow development of new water suppl y systems (Rostgrunt, 

2000). 

Although the amount of ilTigation water used for non-agricultural purposes)s small compared to 

the amount used for fie ld crops, use values are high in terms of household income, nutrition and 

health in rural areas (Meinzen- Dick and Bakker, 2001). Therefore, non-agricultural uses of 

irrigation water have important implications in ilTigation water management and assigning water 

ri ghts patticularly in face of growi ng scarcity of water resources. However, non-agricu ltural 
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uses and users of ilTigation water are ignored in developing water resource policies. That is, 

multiple needs of inigation water have rarely been taken as a starting point in designing 

irrigation water systems. One manifestation of this is that most agents dealing with water 

resources have onl y sectoral policies (i.e., either ilTigation water or drinking water or water for 

environmental uses) separately. Thus, there are no policies that carefu ll y promote multiple uses 

of inigation water. In other words, although a government has overall water development 

policies and strategies, the implementing bodies have neither the mandate nor the incentive to 

balance water resources among various uses and users (Meinzen-Dick and Bakker, 2001, 

Yoder, 1983). Empirical evidence on multiple uses of irrigation water from different African, 

Latin American and Asian countries is briefly summarized below. 

2.2.1.1. The African Experience 

An estimate indicates that all African coun tries will be physically or economicall y water scarce 

by the year 2025. South and North African countries are among the nations that will face 

physical water scarcity and hence they may not meet their projected water needs in 2025. For 

instance, in Egypt during 1997 water requirement and availability was 59XlO9 mJ and 

60X I09mJ
, respectively, but during 2025 the projection indicates that water requirement wi ll 

rise to 81XlO9 mJ while avai lability will remain at 60X109 mJ implying a deficit of 21XI09mJ 

(Gad, 2000). 

Economically water scarce countries have high potential of water resources but they are not in a 

position to make additional investment in water sector development due to shOltage of capital 

and do not encourage institutional set up that leads to efficient and equitable water allocation 

among various uses and users (Inocencio et aI., 2003). 

In Africa where the majority of its citizens are food insecure, priority is given to production of 

enough food at national and household levels using both rain-fed and in'igated agricu lture. Thus, 

most African countries including Ethiopia have emphasized irrigation water for agricultural 

purposes in their programs of food self-sufficiency. This implies that multiple uses of irrigation 

water particularly its non-agricultural uses have not been given enough attention or at times 
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have been ignored by the concemed bodies, But it is clear that in dry areas of African countries 

agricu ltural water has been used for non-agricultural purposes such as domestic uses and 

livestock watering, 

A case study in semi-arid Zaio in northeast Morocco where average annual rainfall is 230mm 

reveals that in addition to its primary purposes of crop production, illigation water plays a 

crucial role in fulfilling basic human needs for water including drinking, bathing and cooking, 

watering livestock and making bricks, In this area agricu lture and li vestock (pru1icularly sheep 

and goats) are the major sources of income, Thus, since ilTigation systems provide water for 

li vestock, which are the main sources of income, the multiple uses of ilTigation water have 

signifi cant ly contributed to income and nutrition of Zaio region (Boelee and Laamrani, 2004), 

Macgregor et al. (2000) attempted to estimate agricultural uses of water in the Stampriet area in 

Namibia using the residual imputation model developed by Young (1996), The country gets its 

water supplies from three major sources, namely, ground water (about 50% of country's water 

suppl y), the perennial border rivers and the intemal ephemeral rivers , The authors estimated 

economic value of water for agricultural uses, which has consumed about 65% of total water 

supply of the county and repOlted an economic water value of 0,64 Namibian dollars per cubic 

meter. The study did not consider economic value of non-agricultural use of ilTigation water, 

which has consumed the remaining 35 % of water supply, Therefore, economic value of water 

repOlted in this study seriously underestimates total economic value from the water supply 

systems in Stampriet area, 

Tanzania with a population of 34 million (80% of whom depend on agriculture) has abundant 

physical water resources particularly on its coastal and highland areas, which have received over 

1,0000mm rainfall per year. However, the country is economically water scarce to overcome 

extreme temporal and spatial variabi lity in rainfall. The country has utilized small portions of its 

irrigation potential particularly in the Rufiji and Pangani basins, Illigation water from these 

basins is not only used for crop production but also used for non-crop production such as 

domestic uses, hydropower supply, livestock watering and fishing (Koppen et aI. , 2004), 

19 



2.2.1.2. The Latin American Experience 

In the case of the Maipo Ri ver Basin in Chile, Rosegrant et al. (2000) introduced an integrated 

economic hydro logic modeling framework that accounts for the interactions between water 

allocations, farmer input choice, agricu ltural productivity, non-agricultural water demand, and 

resource degradation in order to estimate the social and economic gains from improvement in 

the al location and efficiency of water use. The authors repOited that of the total water 

withdrawal from the basin, agricu lture accounted for 64%, domestic uses for 25%, and industry 

for the remaining 11 %. Competition among the different water users and uses, in paJ1icular, 

agticu lture and domestic and industrial water uses is increasing rapidly. 

The authors pointed out that although the quantity of in'igation water diverted to the agricultural 

sector is large, its value is small. The authors further argued that introducing trading with water 

will create incentives to move water from lower valued agricultural products to higher valued 

agricultural outputs and non-agricultural uses. The idea here is that farmers can gain more 

benefits if they sell their water ri ghts (assuming that water rights are well -defined) to municipal 

and industrial uses during months of little or no crop production. The basic implications are that 

itTigation water has multiple-uses and urban dwellers (like the rural societi es) are willing to pay 

for domestic uses of irrigation water. In troducing pricing in water uses may also lead to efficient 

allocation of this vital resource. 

2.2.1.3. The Asian Experience 

In the dry zone of Sti Lanka with tropical climate where temperature is almost constant (26°c -

2Soc) across the year and mean annual rainfall is about 1,000mm, irrigation water is directly or 

indirectly used for domestic purposes (like drinking, cooking and bathing) , gardening li vestock 

watering, and fishing but recreational use of irrigation water is minimal (Bakker, et aI. , 1999 and 

Meinzen- Dick and Bakker, 200 1). 

Meinzen- Dick and Bakker (2001 ) analyzed a survey of 156 households strati fied into old and 

new irrigation systems in Kirindi Oya region of Sri Lanka based on an interdi sc iplinary fie ld 
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research . The authors al so interviewed concerned government officials, local politic ians and 

representatives of different water user groups in order to derive the implications for water 

resource management. In thi s ilTigation system the authors identified various uses and users of 

irri gation water. 

Although agri culture is the most important user of water from irrigation systems in the region, 

irrigation water has been used for homestead gardens, which are the main sources of vegetables 

and fruits for home consumption and markets. Water from irrigation systems is also used for 

domestic uses (drinking, cooking and bathing), livestock and fishing implying that water from 

Kirindi Oya ilTigation systems has multiple uses. Renwick (200 1) also repOlted the multiple 

uses of irrigation water in the Kirindi Oya irrigation systems. The author tried to estimate 

economic value of inigated paddy rice production and reservoir production. For instance, the 

average net economic return from fi sheries (based on market information) is estimated to be 

$544,000 - $566,000 per year (18% of the total economic returns to water in in·igated paddy 

production). This result implies the impottance of recognizing and assessing the value of 

irrigation water for non-agricultural uses. 

However, water management institutions do not consider such multiple uses of irri gation water 

in Kirindi Oya in·igation systems. That is, although water rights for aglicultural purposes are 

well -defined, such lights for non-agricultural uses are less recognized or sometimes not 

recogn ized patticularly in the statutory law, which is also typically the case in most developing 

economies (Meinzen- Dick and Jackson, 1998). Non-agricultural uses of ilTigation water are not 

on ly ignored by the law but also taking irrigation water for such uses particularly for 

homesteads is "illegal" in Kirindi Oya due to shortage of ilTigation water for agricultural uses 

(Meinzen-Dick and Bakker, 2001). 

Therefore, in designing ilTigation water ri ghts and estimating values of ilTigation water, it is 

very important to consider multiple uses and users' rights and uses of water for non-crop 

purposes as ignoring these use values leads to underestimation of the total economic value of 

water from ilTigation systems. 
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In the case of China, Darning et al. (2002) di scussed water resource policies, insti tutional 

capacities and avai lability of water for agri cu lture and non-agricultural uses in Yunnan ri ver 

basin of Yunnan Province of China. The authors reported that even if the province has rich 

water potential in absolute terms , drinking water for human-beings and li vestock is in short 

supp ly due to lack of appropriate water infrastructure. This implies that there is a competition 

for water from thi s river basin among various uses and users within and outside the agricu ltural 

sector. Thus, as in the case of many deve loping countries water from Yunnan river basin 

provides multiple-services for the rural dwellers of the province. 

Empirical evidence from northwest India revealed that since groundwater of the area is salty, 

inigation canals provide water not only for agricultural purposes but also for non-aglicultural 

uses such as domestic uses, li vestock watering, recharging groundwater, wildlife, flora and 

fauna. When ilTigation water is in short supply, animals use salty groundwater, which reduces 

milk products by about 50%. Since income from li vestock accounts for a significant share of 

income of rural households, a reduction in milk products has an implication on overall income 

and nutJitional status of the societies (Rogers et aI. , 1998). 

In estimating economic uses of irrigation water the authors argued for consideration of non

agricu ltural use values as leaving out such use values could result in a serious underestimation 

of the total benefits of ilTigation water. Total economic value of water can be di vided into three, 

namely, value to users, which basically refers to net value of crop output per m3 of water; net 

benefits from indirect uses (or non-agricultural) uses; and net value from return flows such as 

from water diverted for urban uses, agricultural and industrial uses. 

Using data from inigated agriculture in an arid zone of Haryana in India, Rogers et al. (1998) 

estimated agricu ltural and non-agricultural use values of inigation water. Agricultural use value 

defined as net value of output per unit of water input (USD/m3) was estimated to be $0.019Im3 

Non-agricu ltura l use value for the same area was estimated to be $0.01 /m3 for additional 

benefits to the value of water diveI1ed for irrigation purposes . The authors also estimated 

agricultural and non-agri cultural use values of water from inigation systems in the 

Subernarekha river basin in India and found that net value of output per unit of water input is 
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$0.027/m3
, which is higher than that of Haryana zone, may be due to climatic variations. Non

agricu ltu ral use value is estimated at $0.01lm3 implyi ng that estimation of onl y in'igation use 

value of water from Subemarekha ri ver basin also underestimates use values of irrigation water. 

In the case of Punjab basin in Pakistan Van del' Hoek et aL (1999) identified multiple uses of 

irrigation water by collecting information from 360 households in 24 vil lages using a stratifi ed 

random sampling technique. The authors reported that the most important source of water for 

domestic uses is the vi llage tank (diggi) , which is filled weekly with water from the ilTigation 

systems. The authors concluded that water from ilTigation systems is the only sources of all 

domestic uses either directl y or indirectl y. The study al so claimed that all households 

palticularly females are willing to pay for improved domestic uses of ilTigation water in Punjan 

basin. 

Van der Hoek et al. (2001) also identified multiple uses of irrigation water by emphasizing 

health impact of domestic uses of water from irrigation systems using 200 households in ten 

vi ll ages of Punjab in Pakistan over one year. The authors claimed that incidence of water born 

di seases particularly diarrhea is higher where there is absence of enough piped water and storage 

facilities , lack of toilet and low level of hygiene. Therefore, taking into account domesti c uses of 

water from inigation systems in managing irrigation water could yield essential health benefits 

for users. Van der Hoek, Feenstra and Konradsen (2002) al so reported the same results, 

especially in the area of integrated ilTigation water management, which gives priority for 

domestic uses of water from irrigation systems. 

Matsuno et al. (2002) cited various research works on the multiple uses of irrigation water in 

Taiwan, China, Japan, India , Pakistan and Bangladesh. For instance, using groundwater 

recharge function, which depends on area of rice, soil infiltration rate and number of ilTigation 

days , the authors analyzed non-agricultural uses of ilTigation in Taiwan and reported that the 

total va lue of groundwater rec harged from the ri ce fi elds was estimated at $2.2 million dUling 

2000. 
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In Japan and Taiwan besides rice production, which is a staple food, paddy rice irrigation fields 

provide environmental services and opportunities for recreational activities (Matsuno, 2002). 

2.2.2. Water Related CVM Empirical Studies 

Since the pioneering work of Davis in 1963, a number of researchers in vari ous fields of studies 

have extensively applied the CVM mainly in developed economies including sanitation , health , 

environment , transportation and education (Hanemann, 1994). However, using the CV survey 

studies in developing countries is relati vely a new phenomenon . Whittington (1998) argued that 

duting the late 1980s very rudimentary CV studies were conducted in developing economies. 

The conventional wisdom at that time was that posing hypothetical questions to illiterate and 

low income indi viduals were assumed to be so overwhelming and one should not even try. But 

today a number of CV studies are reported using data collected from respondents in developing 

countries. This implies that in recent years CVM has been extensively applied in both developed 

and developing counlti es to the valuation of a wide range of environmental goods and services 

(Venkatachalam, 2004). 

2.2.2.1. The Ethiopian Experience 

The Ethiopian experience reveals that limited CVM studies have been conducted to investigate 

factors that influence households' wi llingness to pay for improved water supply in rural and 

urban areas including Addis Ababa. To our best knowledge there is only one academic research 

that estimated WTP for ilTi gation water for agricultural purposes (not for domesti c uses) in 

Tigray Regional State of Ethiopia. 

Using the CVM, Fissiha (1997) examined households ' WTP for piped water suppl y in Meki 

town in Ethiopia. The study reported that more than 50% of sampled households are willing to 

pay almost twice the ex isting tariff rates for improved water services. Another CV study by 

Dunfa (1998) estimated respondents' WTP for improved water suppl y in Ada'a Liben di strict of 

central Ethiopia using data co llected from 228 sampled households. The author found that 

households' WTP for rural water suppl y is related to a number of explanatory variables such as 
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income, availability of credit, distance from existing water sources and quality of water for 

domestic uses. 

The CVM study by Genanew (1999) that used data from 270 sampled households in Harar 

town tried to identify detelminants of households' WTP and demand for improved water supply 

using both OLS and ordered probit models. The study found that WTP of households for the 

required purposes is affected by various factors including income, education level, sex of the 

respondent and quality of water. The author fUlther reported that mean WTP is about 15 times 

higher than the existing charges. 

Using OLS and ordered probit regression models Tsegabrihan (1999) conducted the CVM study 

in Tigray Ethiopia for 82 randomly sampled farmers. The study estimated WTP of small holder 

farmers for in'igation water particularly for small scale irrigation schemes. The survey results 

are for the main inigation seasons and the whole year, which depends on the 0.25 hectares of 

irrigab le land. The study repOlted that about 90% of respondents are wi ll ing to pay up to Bin 

600 for the main ilTigation system alone. The study further found credit availability, education, 

income and feltilizer supply as the major determinants of respondents' WTP. It is not clear from 

the study whether the question to elicit WTP for 0.25 hectares of ilTigable land asks for the land 

itself or irrigation water or both. The study also does not consider non-crop use values of 

irrigation water. 

However, all these studies did not consider water from inigation systems for non-crop purposes 

as some of them were conducted in urban or semi-urban areas of the country where irrigation is 

not practiced. 

2.2.2.2. Other Developing Countries' Experience 

One of the early CV studies carried out by Whittington et al. (1990) estimated individuals' WTP 

for improved water services in rural areas of southern Haiti using the ordered probit model. The 

study concluded that WTP of individual respondents is affected by household wealth , education 

level of respondents , distance of the household from the ex isti ng water sources, quality of water 
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and sex of respondents (female). Another early CV study was conducted by Briscoe et al. (1990) 

in rural areas of Brazil to examine users' WTP for improved rural water supplies and it 

concluded that tariff for yard taps can be increased substantially (i .e., consumers are willing to 

pay for improved rural water supply). 

Whittington et al. (1991) employed revealed preference and stated preference methods to 

examine demand for rural water for domestic uses in Ontisha in Nigeria. The stated preference 

method used CVM to estimate respondents ' WTP for improved water supplies. The CV survey 

study results based on data collected from 235 households seemed consistent with the data 

obtained from plivate water vending. This implies that the CV study results are sufficiently 

accurate to be used by policy makers. 

In rural areas of Punjab in Pakistan Altaf et al. (1992) conducted a CV study with the main 

objective of identifying determinants of households' WTP for improved rural water supply and 

comparing the CV study results with market-based results. The authors found that wealth and 

education of respondents are among the major factors that affect respondents' WTP for 

improved rural water services. Empirical results of the study also confirmed that the CV study 

results seem consistent with revealed preference results. 

Day and Mourato (1998) estimated value of water quality improvement in the Beijing 

Metropolitan local rivers using the CVM survey analysis. A carefu ll y designed contingent 

valuation questionnaire was administered to a random sample of 999 people in the Beijing area. 

The study reported that annual average WTP per household to maintain water quality in all 

rivers in Beijing Metropolitan region was estimated to be US $22. 

Calkins et al. (2002) estimated WTP of sixty-two households for improved drinking water 

delivery systems in semi-urban area of Douentza in Mali using linear regression model and a 

logit model. The later model helps to explain the decision to purchase water or not. The authors 

asserted that wealth , relative distance to the planned new sources compared to the best existing 

sources, land tenure security and family size are major determinants of respondents' WTP. The 

study reported that land tenure insecurity is positively related to WTP implying that tenure 
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insecurity di scourages construction of one's own well and hence households tend to pay more 

for public water sources. 

Usi ng multinomial logit model Kaliba et al. (2003) estimated WTP of households from 30 

vi ll ages in two regions of Central T anzania to improve community-based rural water utiliti es. 

The study reported that households in both regions are wi lling to pay the fee, which is higher 

than the existing tariff charges. WTP is affected by respondents' socio-economic factors li ke 

age, wealth and household size. More specificall y, WTP for improved water services is 

negative ly affected by age and wealth as older individuals are not directly invol ved in water 

fetching and wealthier households have their own water sources or they delegate others to 

collect water for them at lower costs. Fami ly size is positively related to WTP as households 

with larger fami ly need more water and hence they are will ing to pay more. 

FatTington (2003) al so employed the CVM to investigate factors influencing respondents' WTP 

deci sions for improved rural water supply in Tanzania. Findings of the study suggested that 

deci sions to pay for improved water supply for domestic uses are affected by a vector of 

variables including social and economic fac tors, perceptions and attitudes towards water quality 

and personal expeliences. 

The CV study conducted by SANREM CRSP (2003) tried to analyze factors that affect WTP of 

local communities fo r improved perfonnance of portal and irrigation water systems through 

watershed conservation by taking 80 indi viduals from Cotacachi area in Ecuador. Half of the 

sampled indi viduals have access to water from inigation systems for crop production and non

crop production purposes. The study reported that local individuals in the study area are wi lling 

to pay for the improvement in quantity and quality of the dlinking water from ilTigation water 

and other sources. The study al so argued that the maximum WTP of the society is positively 

associated with respondents' income level and family size . 

In rural Bangladesh Ahmad et al. (2003) analyzed determinants of piped water supply using 

multinomial logit model. The authors found that the demand for improved water in the arsenic

affected area directly varies with income of the respondents but declines as charges for piped 

27 



water supply increase. Education level of respondents also positively affects their WTP for 

improved water supply. 

Us ing the conti ngent valuation method, Chen et a!. (2002) investigated the extent to which 

farmland provides value other than crop production in Taiwan. They claimed that the majority 

of people in Taiwan have recognized positive extemalities of the paddy rice fie lds and on 

average each individual is willing to pay about $170 per year in order to maintain water 

preservation and land protection functions of paddy rice ilTigation water. Thi s implies that 

individuals are will ing to pay for non-crop production uses of inigation water and paddy rice 

fie lds. 

2.2.3. CVM Empirical Studies on Other Resources: the Ethiopian Experience 

Alemu (2000) employed the CVM to analyze households' WTP for community forestry in 

Ethiopia using tobit model by correcting for sample selection bias in the empirical analysis due 

to invalid responses (protest zeros, outliers and missing bids). The author concluded that 

income, family size, sex of household head, number of trees owned by respondents and distance 

of homestead to plantation are the main factors that influence households ' WTP for community

forestry in rural Ethiopia. 

Tegegne (1999) also applied the CYM to elicit respondents' WTP for environmental protection 

in terms of cash requirements and time spent (or labor contribution) in Sekota di strict (North em 

Ethiopia) for the sample size of 98 farmers. The study found that about 70% of the sampled 

fanners are willing to pay zero Birr for environmental protection. However, farmers are willing 

to spend a considerable amount of their time for environmental protection particu larly during 

the s lack period. Farmers' willingness to contribute labor for environmental protection is 

affected by education leve l, age, sex and households size of respondents. 

Using the CYM study, Tekie (1998) tried to obtain ex-ante valuation of fanners for improved 

land tenure system in Ethiopia. The study also identified factors that trigger the choice for a 

positive WTP and the amount fanners are wi lling to pay for land tenure improvements. The 
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study concluded that fanners are willing to pay for changes in existing tenure arrangements and 

probability of paying for any institutional change is affected by a number of factors li ke area of 

land owned by respondents, literacy of household head, non-farm income, number of adul t 

members and mean di stance of plots to homestead of the household. 

In a nutshe ll , these and other CVM empirical studies in developing economies in general and 

Ethiopia in particular on water qua lity improvement and other non-marketable environmental 

goods and services imply that the CVM can be successfull y applied to low income countries. 

This invalidates the conventional wisdom, which argues that the CVM could not be applied to 

developing countries with a majority of illiterate individuals who could not understand 

hypothetical CVM questions. 

Our CV study has three major contributions. Firstly, to our best knowledge it is the first in 

applying the CVM to value non-crop uses of inigati on water (at least in Ethiopia). Secondly, it 

adds some empirical knowledge to the limited water related CV studies in Ethiopia. Lastly, it 

also witnesses the possible application of CV studies in developing countries. 
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Chapter Three 

Survey Design, Data Collection and Empirical Models 

3.1. Data Sources and Types 

The pnmary data utili zed in the descriptive and multivariate analyses of this study were 

collected from 260 random ly selected households in two peasant associations (PAs) in Bure 

district of West Gojam zone of the Amhara Regional State of Ethiopia. Survey questionnaires 

elicited data on demographic characteristics of respondents; socio-economic variables such as 

income, expenditure (on food , non-food & agriculture related activities), education level and 

wealth of surveyed households; water and land related infonnation paIticularly on water use 

lights and security of each right. 

Besides the survey contained double-bounded referendum style CV questions in which prices 

(or bids) on non-crop uses (particulaI'ly domestic uses and gardening) of irrigation water were 

proposed to respondents under existing and improved inigation water supply settings. More 

specifically prices were proposed for gardening and domestic uses of irrigation water from a 

specific source without introducing any change in quality and reliability of ilTigation water 

under existing institutional setups that ,govern ilTigation water allocation among vaI'ious uses 

and users. The main objective here is to know how farmers (or users) value the existing natural 

resources (water in this case) without proposing any change (i.e., without proposi ng any 

improvement). 

Knowing values of existing irrigation water resources helps in formu lating policies and 

strategies that contribute to sustainable and efficient uses of existing resources. Finally, prices 

were also proposed for domestic uses (dlinking, cooking and washing household equipment and 

hands) after a change in quality of irrigation water is undertaken in order to know the level and 

determinants of users' WTP for the improvement in quality of in'igation water for domestic 

uses. 
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3.2. Designing Survey Questionnaires and Elicitation Format 

For most environmental goods, markets fai l to ex ist due to the publi c nature of environmental 

goods and ex temali ties. In such cases researchers develop hypothetical markets in which they 

eli cit from consumers or potenti al consumers their WTP/WTA for a change in quality, quantity 

or both of environmental goods. 

Designing CY survey questionnaires usually includes detailed description of the good under 

consideration and its possible substitutes and hypothetical circumstances under which the good 

is made available to users; questions that el ici t WTP/WTA of the respondents for a proposed 

change; payment veh icle and respondents' socio-economic and other relevant valiables. 

The CY survey questionnaire of this study has seven parts. The first two sections provide 

general information and detailed descIiption of the purposes of the survey followed by the third 

and fourth parts that try to co llect information on demographic characteristics and education 

level of respondents and water related data, respectively. The fifth section elicits consumers ' 

WTP for non-crop uses of ilTigation water (see Annex 8). The last two parts are devoted to 

pursue information on income, wealth and expenditure and land related indicators. 

Generally, there are fou r types of value elicitation fonnats, namely, open-ended; bidding game; 

payment card and dichotomous or di screte choice formats. Each format has its own advantages 

and disadvantages. Double-bounded CY elicitation format can improve stati stical efficiency 

over single-bounded through a number of ways. First, yes-no and no-yes answer to the initial 

bid make c lear bounds on unobservable true WTP. Second, even though yes-yes or no-no 

answers do not bound actua l WTP, addi tional questions will sharpen the true WTP and hence 

there are also efficiency gains. Finally, more questions in double-bounded elicitation format lead 

to large number of responses so that a given function wi ll be fitted with greater observations 

(Haab and McConnell, 2002). As a resu lt, thi s study employs double-bounded referendum style 

eli citation format. 
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3.3. CV Survey Scenarios 

In our survey questionnaires, we provided respondents with detailed descriptions of the good 

being valued (i.e., itTigation water) in terms of its uses, possible sources (rivers, springs and 

rivers and springs), quality and institutional setup. The double-bounded CV questions were 

asked with open-ended follow up questions t for various non-crop uses of irrigation water under 

two scenatios. T he first scenario assumes that existing itTigation water quality and institutional 

setup remain the same. In th is case respondents were asked to pay the proposed initial bid for 

specific uses of irri gation water (domesti c uses and gardening) from a particular source (river or 

spting or both) . Respondents were also asked the open-ended questions to express their 

maximum WTP fo r each specific non-crop uses of irrigation water (see Annex 8). 

Under the second scenario, respondents were asked to pay for domestic uses of itTigation water 

after an improvement is proposed in quali ty and reliabi lity of irrigation water for domestic uses 

whi le keeping the institutional setup the same. The reference point for quality improvement is 

protected springs (bui lt by cement and other materials) (see Annex 8). 

T he payment vehic le for specific non-crop uses of ilTigation water is implemented in the form of 

water users ' charges twice per year just after the harvest as farmers in the study area produce at 

least two times a year. 

3.4. Sampling Technique 

The study area, Bure distri ct of West Oojam zone of Amhat'a Regional State of Ethiopia, is 

selected based on various criteria2 such as location (i.e., inclusion in the Blue Ni le river basin), 

long hi story of itTigation experiences and different water-related institutional an'angements 

(namely traditional communal-water fathers and modern communal-water users associations) 

that govern irrigation water allocation among users. However, time and budget limited us from 

I During the field survey the inconsistency of responses to dichotomous cho ices and open-ended follow up 
questions was checked. We obtained small proport ion of such results who said T was mistaken. 
2 Cost minimizat ion with almost the same expected results compared to other simi lar locations in the basin could 

also be one of the crite ria. 
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expanding our survey to other zones of the Amhara Regional State of Ethiopia, which are 

located in the Abbay river basin. 

Once the study area is identified, two kebelesl (peasant associations) were selected purposively 

along four major rivers as peasants must be users of in'igation water for multiple purposes for 

our study and all ocation of irrigation water for crop production is ruled by various propel1y ri ght 

regimes like water father (WF), water users associations (WUAs) and community based (or 

open access). These two PAs are stratifi ed into a number of Gots2 from which a total of 260 

households were selected using simple random sampling. Number of households to be selected 

from each Got is determined based on the rule of proportional stratification sampling. Thus, the 

study combines both simple random sampling and stratified sampling techniques to select the 

sample households. Finall y, the data were collected from the head of sampled households using 

CV survey questionnaire that employ face-to-face (or direct personal interview) data collection 

techniques. 

3.5. Fieldwork Procedure 

The field survey was undertaken in Bure district of West Gojam zone. Before the final survey 

was implemented the pilot survey that included 15 households was can'ied out. The pre-testing 

pilot survey was conducted after a two-day intensive training of enumerators so that they could 

grasp the objective of the survey and detailed questions in the survey questionnaire. 

A main objective of the pilot survey was to set up the statting prices (or initial bids) to be used 

in the main survey. In the pilot survey, the open-ended elicitation format is employed, which 

takes the form "What is the maximum amount you are willing to pay for irrigation water you 

have used for six months for domestic uses? Gardening?" The pilot survey al so elicited 

maximum willingness to pay for improved ilTigation water for domestic uses. The maximum 

I The two kebeles have practiced irri gation activities and use irri gation water for multiple uses. But not all kebeles 
in the di strict are users of irri gation water. Besides, the selected kebeles are somehow unique in the sense that 
property right regimes like WUAs and water father govern irrigation water allocation among users are practiced 
in these Kebeles. 

2 Got is a unit in a kebele that consti tules approx imalely 20-50 households. 
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WTP obtained from the pilot survey varies from zero (protest zeros I) to Birr 80.00 for the six 

months for different uses. The results of the pilot survey were al so used to modify the survey 

questionnaire in the process of finali zi ng it. 

Then based on the pilot results five starting prices were introduced and total sampled households 

were divided randomly into five groups of equal size (each group with 52 households). The final 

survey was implemented from 20 February - 10 March 2005 where ten enumerators and one 

supervi sor participated in the survey after necessary training was given to the paJticipants. The 

field survey was successfully completed with a relatively small number of invalid responses 

(about 5% protest zeros). 

3.6. Empirical Models 

3.6.1. The Probit Model 

The main objectives of estimating econometric (or parametric) models in WTP survey are to 

calculate mean WTP and to allow inclusion of respondents' socio-economic factors into WTP 

functions. Such incorporation of indi viduals' socio-economic vatiables into the CY models 

helps the researcher to gain infonnation on validity and reliability of the CY results and 

increases confidence in application of results obtained from the CV empilical analysis (Haab 

and McConnell, 2002). 

Hanemann (1984) developed the basic model to analyze dichotomous responses based on the 

random utility theory. The central theme of this theory is that although an individual knows 

hi s/her utility certainly, it has some components which are unobservable from the view of the 

researcher. As a result, the researcher can only make probability statement about respondent's 

'yes' or ' no' responses to the proposed scenario. 

J Valid zeros and protest zeros arc clearly identified using the follow-up questions to (he open-ended question. 

According to responses to the follow-up questions, all zeros are protest zeros as respondents wanted free access 

to irrigation water for multiple uses. 
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Suppose U ij = U i (y j , X j , Eij) is indirect utility function for the /' respondent. 

Wh Y ·th d' . ere: j= J respon ent s Income 

i =1 denotes the final state and i=O the status quo (or the initial state) 

Xj= vector of household characteristics and attributes of a given choice 

Cij =random components of the given indirect utility 

Now, if a payment (also called the initial bid, P;*) is introduced due to changes in measurable 

attributes like quality or quantity of environmental goods, the consumer accepts the proposed 

For the researcher, however, the random components of preferences can not be known and s/he 

can only make probability statement of 'yes' or ' no' responses. Thus, the probability that the 

respondent says 'yes' is the probability that s/he thinks that s/he is better off in the proposed 

program. For individual j, the probability is : 

P( yes) = [u) (y. - P*, X . , E) . ) > Uo . (y . , X . , Eo . )] } } p , } } } } } } . 

This probability statement provides an intuitive basis to analyze binary responses. Assuming the 

utility function is additively separable in deterministic and stochastic preferences: 

u.(y.,x.)+c. 
I J J IJ . Given the additive specification of the utility function the 

probability statement for respondent j becomes: 

P(yes) = [U) (y. - P*, X.) + E) . > Uo . (y., X.) + Eo ] } } p, J } } } } J. 

This probability statement is the point of departure for the linear utility function in income and 

covariates, which is assumed by our empirical models. 
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For dichotomous (yes/no) responses to the initi al bid (fJ ; ) (i.e., in the case of a dichotomous 

dependent variable) the probit/ logit model better fits the problem at hand. The probit model can 

be defined as: 

Ti = unobservable households' actual WTP for gardening and domestic uses of itTigation water. 

Ti is simply a latent variable. What we observe is a dummy variable WTPi> which is defined 

as : WTPi = 1 if Ti 2: Pi* 

WTPi = 0 ifTi < Pi* 

In the single bounded elicitation format, the/" respondent is asked if s/he wou ld be willing to 

pay the initial "bid", (fJ " ), to get, say, a given improvement in environmental quality, quantity 

YO'N (fJ ' ) 
or both. The probability of a "yes" response, or a "no" response, P , i can be cast in 

terms of random utility maximization chosen by the respondent. It is clear from the random 

utility framework that the individual's WTP is a random variable from the point of view of the 

researcher. Thus, while the indi vidual knows hi s/her own maximum WTP, Ti, to the observer it 

is a random vari able with a given cumulative di sttibution function (cdf) denoted by G(T;; 0 ) 

where 0 represents the parameters of thi s distribution , which are to be estimated on the basis of 

the responses to the CV survey. Then, following the work of Hanemann (1984), the response 

probabilities related to the underlying WTP di stribution are: 

pY = p{yes to .f3n= p{.f3;* <~}=G(.f3;*;e) 

pN = p{no to ,B;*}= p{.f3j* >~}=l-G(.f3j· ;e) 

The resu lting log- likelihood function fo r the responses to a CV survey using the single-bounded 

format is, 

In L (()) 
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Where: d,r = 1 if the /" response is yes and 0 otherwise, while d t =1 if the it" response is no 

and 0 otherwise. 

3.6.2. The Bivariate Probit Model 

The double bounded (or bi vati ate) CV model was first proposed by Hanemann (1985) and 

applied by Hanemann , Loomis and Kanninen (1991) wi th the main aim to show how the 

stati stical efficiency of single-bounded dichotomous choice pioneered by Bishop and Heberlein 

can be improved by asking respondents further questions with higher or lower bid based on the 

responses to the ini tial bids. 

According to Greene (1997), bivariate probit model can assume the following general form: 

T • th Where: 1 = j respondent' s actual unobservable WTP at the moment the first question IS 

posed. WTP=1 if T 1 *::0: ~iO (in itial bid), 0 otherwise 

T • th 2 = j respondent 's implicit underlying point estimate at the time the second 

bid is posed. 

T his implies that di sturbance terms of these equations are con·elated in the same spirit as the 

seemingly unrelated regression models. 

The double bounded format starts with an initial bid , P/. If the respondent answers Yes, s/he 

receives a fo llow-up bid Pit> p/; if s/he answers No, s/he receives a follow-up bid p/< pt 
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Thus, there are four possible outcomes: (Yes, Yes), (Yes, No), (No, Yes), and (No, No). In 

terms of the random util ity maximizing model given above, the cOITesponding response 

probabilities are: 

pYY = p(fJ/' < TJ = G(fJ/';e) 

p YN _ P (fJ;O < T; < fJ/') = G (fJ/'; e) - G (fJ ;o; e) 

p NY _ P (fJ / < T; < fJ;O) = G (fJ;O ; e) - G (fJ / ; e ) 

pNN = p(fJ/ > TJ = 1- G(fJ/ ;e) 

The log-likelihood function for the responses to a CV survey usi ng the DB format is: 

jd
YY In GC R" ; B) + d.YN In [GC~u; B) - GC~o; B)] + 1 

DB Ll fJ1 I I I InL B =: 
. C ) NY [ 0 I] NN [ I ] d; In GCfJ;; B) - GCfJ; ; B) + d; In 1 - GC/3; ; B) 

(see Hanemann et ai. , 2001 ). 

Where: d ,YY =1 if the i'h response is (Yes, Yes) and 0 otherwise, d ,YN = 1 if the i'h response is 

(Yes, No) and 0 otherwise, d ,NY =1 if the i'h response is (No, Yes) and 0 otherwise, 

d ,NN =1 if the i'h response is (No, No) and 0 otherwise. 

3.7. Description and Rationale of Explanatory Variables 

In this sub-section rationale and explanations of each expected determinants of WTP included in 

our empirical models are briefly summarized. 

1. Income 

As indicated in the 1999/2000 household income, consumption and expendi ture survey of the 

Central Statistical Authority (CSA, 2001), households usually tend to underestimate their actual 
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income level due to various reasons li ke fear of income tax increment. Thi s is actually observed 

in this survey where average income is Birr 4,729.65 per household per year whereas average 

annual total expenditure per household is Birr 5,077.15 (see Table 4.1). This study utilizes 

expenditure as proxy for household income to so lve the problem of income underestimation . It 

is expected that households with higher income have more ability to pay and hence respondents' 

income affects their WTP positively. 

2. Age 

In most rural areas of developing countries, farmers have a c lose touch with natural resources 

like land, forests and water from their childhood. This implies that age of the respondent could 

be used as a proxy for experience in using natural resources and as s/he gained more experiences 

s/he is expected to be concerned more about these resources in general and water in particular. 

Therefore, age of a respondent is expected to have positive impact on her/his WTP. But the 

positive effect has some maximum age limits and hence age-squared is expected to have a 

negative effect on WTP of the respondents. 

3. Sex 

Most often females are responsib le to fetch water for domestic uses. Our survey results depict 

that fetching water for domestic uses is almost fully the responsibility of females (99%). Thus, it 

is expected that female-headed households are willing to pay more for domestic uses of 

irrigation water compared to male-headed households. 

4. Education 

Generally, education widens the horizon of an individual. Moreover, educated (or literate) 

individuals are expected to know relatively more about advantages of natural resources in 

general and irrigation water resource in particular and hence they are concerned more about 

these resources . Thus we expect education to positively affect respondent's WTP for non-crop 

uses of in'igation water. 
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5. Family size 

There are two opposing views about the effects of family size on households' WTP for 

improved rural water supply. One view argues that households with larger family sizes have 

more labor avail able to co llect water from alternative sources. A similar view, which leads to 

the same conclusion, claims that given limited income of rural households, families wi th more 

members have less income left to pay for improved irrigation water supply or other natural 

resources. Therefore, in both cases fami ly size is expected to affect households' WTP for rural 

water supply negatively. The second view, which is contrary to the first, argues that households 

with large family size are concerned more about quality, reliabi li ty and quantity of water suppl y 

and hence they are willing to pay more. 

6. Irrigation Water Management 

Outside its primary uses ilTigation water in the study area provides multiple services for the 

nearby farmers . Irrigation water is managed by "water father" (WF), water users associations 

(WUAs) and community as a whole (i.e., the open access case) palticularly to regulate irrigation 

water allocation for ilTigation purposes among users. The former two irrigation water 

management systems are very important in settling conflic ts over this resource among users. 

WUAs have rel atively strong legal background and clearly defined and written rules and 

regulations, which could strengthen rights enforcement mechanisms and develop confli ct 

resolving capacity. These associations teach their members and other farmers to create 

awareness about uses of natural resources in general and in'igation water in particular. Besides 

WUAs provide different services such as credit services, marketing services and modern f3lm 

tools for farmers, which contribute in boosting income level of these faImers. Thus, faImers 

organized under WUAs are expected to pay more for non·crop uses of irrigation water 

compared to farmers under the umbrella of traditional water regulating bodies (i.e. , water father 

and open access) where problems of free riding are high and rights enforcement mechani sms are 

weak. 
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7. Choices of Water Use Rights 

In the study area, farmers have access to ilTigation water for multiple purposes under different 

institutional regimes (i.e., WUAs, WF and/or open access). Farmers have also choices among 

these institutional aITangements based on their perception towards advantages of each 

institutional regime, their experiences about modern fatmers' associations. But regardless of the 

history of farmers' associations in Ethiopi a, wh ich generally did not reflect the interest of most 

farmers (and hence was not successful), households choosing WUAs are expected to be wil ling 

to pay more compared to those who choose WF or community based ilTigation water use ri ghts. 

This is probable due to advantages of WUAs mentioned above and problems related to inigation 

water management under WF and open access. 

8. Quantity of Irrigation water Consumption 

Households consuming more irrigation water for non-crop uses are expected to be wi ll ing to pay 

more as the payment directly varies with quantity of iITi gation water consumed. 

9. Distance from Current Sources (in meters) 

An inverse relationship is expected between di stance to fetch water from the existing water 

sources and WTP for domestic uses of ilTigation water. This is due to the fact that as the 

household is far way from water sources, time spent to fetch water is higher that increases 

opportunity cost of time. 

10. Wealth 

In rural areas households that have more li vestock are considered wealthier. Thus , thi s study 

takes total value of li vestock as wealth indicator. It could be the case that wealthier individuals 

are able to pay more for non-crop uses of ilTigation water. 
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11. Land Tenure 

Since farmers in the study area have no water well or other water sources on their own plots of 

land, land tenure insecurity due to village level government land redisttibution may not have 

negative impact on their WTP for irrigation water uses. 

However, reduction in the size of farm plot due to a rise in family size (i.e. , household level 

factor) is expected to induce farmers' willingness to pay more for non·agricultural uses of 

itTigation water. The intuition behind such expectation is that as land size gets smaller and 

smaller, farmers are forced to practice intensive farming, which requires higher amount of 

water. This would imply that inigation water becomes a more scarce resource that asks for 

higher prices to access it. Thus, respondents who are feeling reduction in fatTn plot are wi lling to 

pay more compared to the base group (those feeling no change in farm plot). 

12. Peasant Associations (Sites) 

Farmers in Wan Gedam, one of the peasant associations included in the sample, are exercising 

intensive farming activities to produce vegetab les and fruits that improve their income. In 

addition some in'igation water users in Wan Gedam PA for itTigation purposes are organized 

under WUAs where leaders of the association teach users to increase their awareness about 

benefits of itTigation water. As a result, respondents in Wan Gedam are expected to be willing to 

pay more compared to the reference site (Wondegi peasant association). 

13. Quality of water 

Our CV survey questions ttied to elicit consumers' WTP for domestic uses of in'igation water. 

The respondents were asked to provide their WTP under two scenarios. Firstly, they were asked 

to pay for existing water supply. In this case quality of water supply is expected to be directly 

related to WTP responses (i.e., consumers facing lower irrigation water quality are expected to 

pay less). Secondly, consumers were asked to pay for domestic uses of irrigation water after 

quality improvements are proposed. In thi s case consumers ' WTP for improved water is 
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expected to be higher for low quality of irrigation water as consumers want to pay more to get 

improved water. 

14. Location of users 

In this study locations of users of irrigation water for multiple purposes are divided into three. 

First, the upper users, who are users of in·igation water immediate to the diversion of water from 

a ri ver. Second, the middle users are those users of ilTigation water next to the upper users down 

the canal (or river). Lastly, the end (lower) users refer to ilTigation water users at the lowest 

point. As irrigation water moves down from the upper users to the end users , its quality becomes 

poorer and hence the end users are expected to be wi lling to pay less than the upper users for 

existing irrigation water (without introducing changes). However, the opposite is true if 

improvement in quality of inigation water is proposed for domestic uses (taking the upper users 

as reference group) . That is, since irrigation water available for lower users is with poor quality 

for domestic consumption, respondents at the lowest point are expected to pay more to get 

improved water suppl y. 

15. Starting Bid 

The higher the starting bid is the lower the expected number of respondents who accept the bid 

and hence an inverse relationship is expected between initial bid and the yes responses to that 

bid. 
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Chapter Four 

Descriptive Analysis, Estimation Results and Discussion 

Data collected through CV questions can be ana lyzed in three di fferent ways. First, the data may 

be di scussed through desclipti ve analysis of socio-economic characteri stics of surveyed 

households and other variables. Second, data can be analyzed using bivariate analysis such as 

cross-tabulation of households' responses to WTP questions. Finally, econometri c models can 

be employed to examine determinants of WTP responses of sampled households for multiple 

uses of itTigation water. 

Accordingly, thi s chapter is organized as follows. The first section presents descripti ve stati stics 

of the survey results. The second section provides the bivariate analysis focusing on simple 

con'elation analyses of the responses to the CVM questions and vari ables that are expected to 

influence these responses. The third section deals with multivariate anal ysis of determinants of 

respondents' WTP for non-crop uses of irrigation water. The last section estimates mean WTP, 

total WTP and aggregate demand for non-crop uses of irrigation water. 

4.1. Descriptive Analysis 

4.1.1. Overview of the Study Area and Characteristics of Surveyed Households 

The Amhara Regional State with the total population of over 18 million and total land area 

17,675,200 hectares (15% of the country's land area) is one of the nine regional states of 

• Ethiopia. In the region about 650,700 hectares of land is itTigable. But according to 1995 (E.C ) 

data only 83,000 (12.7%) of the potential was actuall y irrigated of which 93% was culti vated 

through traditional ways (Plan , Agricultural and Information Department, 1995) . 

• E.C. refers to the Ethiopian Calendar 
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Our case study area is Bure District (woreda) in west Gojam zone, which is one of the nine 

zones of the Amhara Regional State of Ethiopia. The District has a total number of 26 Kebeles 

with total population of 164,675 in which rural dwellers account for about 85.6%. In the woreda 

there is limited basic infrastructure: on ly one health center in Bure town, four state-owned 

clinics, 22 primary schools, one high school and one Agricu ltural Technical College (Bure Rural 

Development and Agricu ltural Bureau, 2004). The capital of Bure Woreda is Bure town which 

is located at 411 km from Addis Ababa, capital of Ethiopia on the way to Bahir Dar - the capital 

of Amhara region. 

The di stIict has a total number of 28,205 peasant households out of which male-headed 

households account for about 88%. The total number of households in the two kebeles we 

selected is 3,760 of which 2,139 and 1,621 households are living in Wan Gedam and Wondegi 

Kebele, respectively. The sample size of 260 households (about 7% of households of the two 

kebeles) was se lected. 

These Kebeles are endowed with sufficient water sources. More specificall y, Wan Gedam 

Kebele has Ci lala River, which is a tributary of Abbay River. This river is the main suppli er of 

water for irrigation and non-ilTigation purposes. The Kebele has 24 small and large springs 

which are used for different purposes such as irrigation, domestic uses and livestock watering. 

Wondegi Kebele has three major livers, namely, Yisir, Muzuz, and Citty Rivers, which are used 

for irrigation and other activities. This Kebele has also different springs, which provide multiple 

purposes for nearby dwellers. 
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Table 4.1: Descriptive Analysis of Explanatory Variables 

Var. Description Mean Std. Dev. Min Max 

iI i I-I if yes to initial bid, 0 otherwise-for domestic use of ex isting irrigation water 0.512 0.501 0 I 

iii ili- l if yes to initial bid , 0 otherwise- for domestic use of improved irrigation 0.470 0.500 0 I 

water 

ilg ilg=1 if yes to initial bid, 0 otherwise- for gardening 0.440 0.497 0 I 

ibid Initial bid for domestic use of existing irrigation water (in Birr+) 44.077 21.568 10 70 

ibidi Initial bid for domestic use of improved irrigation water (in Birr) 66.115 34.438 20 120 

Igar Initial bid for gardening uses of irrigation water 52.077 31.272 10 100 

exp Annual total expenditure per household(in Birr) 5,077.146 1,798.958 1,177 12,061.4 

IDC Annual total income per household (in Birr) 4,729.646 2,083.76 456.5 12.239 

val Total value of all livestock owned per household (in Birr) 2528.10 1929.26 0 9930 

dis Distance from current water sources (in meters) 223.903 178.578 5 1000 

age Age of respondents (in full years) 45.396 13.226 18 82 

fsiz Family size (in numbers) 5.692 1.978 I II 

edu Education level of the respondent (in year of completion) 1.461 2.618 0 12 

Isiz Total land size (in hectares) 1.049 0.475 0 3.5 

ox Oxen (in numbers) 1.431 0.962 0 4 

fern Dummy for sex of household: fe m=1 if sex is fema le, 0 otherwise 0.1 88 0.392 0 I 

s I Dummy for site: s l=1 if site is Wan Gedem, 0 otherwi se 0.542 0.499 0 I 
-

... 1 USD was equivalent to 8.65 Ethiopian Birr at the time of the survey. 
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edul Dummy: edul=1 if education of the respondent 2: grade four, 0 otherwise 0.203 0.4036 0 I 
I 

loc2 Dummy for location: loc2=1 if middle user, 0 otherwise 0.715 0.452 0 I 

loc3 Dummy for location: loc3=1 if lower user, 0 otherwi se 0.1384 0.346 0 I 

sour2 Dummy for source of water: sour2=1 if respondent uses water from both river and 0.519 0.501 0 I 

spring, 0 otherwise (if only spring, which is the base group) 

qaun Quantity of water used per day (in jerry can=20-25 liters) 3.017 1.124 0.5 6 

ten2 Dummy for land tenure: ten2=1 if farmers anticipate reducti on in farm plot due to 0.592 0.492 0 I 

high family size, 0 otherwise. No change in farm plot is base group 

ten3 Dummy for land tenure: ten3=1 if farmers anticipate land distribution, 0 otherwise 0.119 0.325 0 I 

adm3 Dummy for irrigation water management: adm3= 1 if irrigation water is managed 0.611 0.488 0 I 

by water father, 0 otherwise. WUAs are reference group 

adm4 Dummy: adm4=1 if water is managed by community (open access), 0 otherwise 0.096 0.295 0 I 

chr2 Dummy for choice of water use rights: chr2=1 if respondents choose water father, 0.327 0.470 0 I 

o otherwise 

chr5 Dummy chr5=1 if respondents choose community based water use rights, 0 0.427 0.496 0 I 

otherwise. WUAs are our base group 

qual2 Dummy for water quality: qual2=1 if water quali ty is satisfactory, 0 otherwise 0.558 0.498 0 I 

qual3 qual3=1 if water quality is bad, 0 otherwise .Good quali ty is our reference point 0.231 0.422 0 I 

use2 Dummy for users of irrigation water: use2=1 if farmers use for domestic purposes 0.188 0.392 0 I 

only ( users for both irrigation and domestic activities are reference group) 

Source: Sample survey 
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The data show that about 19% of sampled households are female-headed. The surveyed 

households have an average of 5.69 family members per household with a minimum of one 

member and a maximum of eleven members (see table 4.1). 

According to our survey results, almost all household heads interviewed are decision makers 

both economically and socially and hence the CV survey responses obtained from these 

individuals are more reliable. 

Age composition of the surveyed households depicts that age ranges from 18 to 82 years with an 

average age of 45.4 years (Table 4.1). Categorizing age of respondents witnesses that about 38.8 

percent of respondents are 50 years old or above whereas the younger ones (age less than 35 

years) account for about 21 percent of our sampled households. 

Formal education of respondents vanes from zero (illiterate) to grade 12 complete with an 

average formal school attainment of about 1.5 years which means that majority of the sampled 

households are main ly illiterate or primary school attendants (see Table 4.1). 

4.1.2. Income, Expenditure and Wealth of Surveyed Households 

Farmers in the study area are engaged in mixed farming activities. These activities include food 

crop production like 'dagusa', maize, ' teff' , wheat, and barley and vegetables and fruits 

production inc luding tomatoes , potatoes, onions, carTots, pepper, cabbages, beetroot, bananas, 

coffee, orange, and sugar cane. Farmers are also rearing domestic animals such as cows, oxen, 

sheep and goats, donkeys and mules . 

Major sources of income in the study area are on-farm activities main ly from crops, fruits and 

vegetables, which accounts for the lion's share (about 90%) of average income per household. 

Farmers also earn income from sales of livestock and livestock by-products (like butter, skins 

and honey). Income from other sources such as trading crops and li vestock, renting-out ox, mule 

and land, producing traditional alcoho lic drinking and remittance from relatives are also sources 

of income for some farmers. Income of the surveyed households ranges from 456.5 to 12,239 
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The data show that about 19% of sampled households are female-headed. The surveyed 

households have an average of 5.69 family members per household with a minimum of one 

member and a maximum of eleven members (see table 4.1). 

According to our survey results, almost all household heads interviewed are decision makers 

both economically and socia ll y and hence the CV survey responses obtained from these 

indi vidual s are more reliable. 

Age composition of the surveyed households depicts that age ranges from 18 to 82 years wi th an 

average age of 45.4 years (Table 4.1). CategOlizing age of respondents witnesses that about 38.8 

percent of respondents are 50 years old or above whereas the younger ones (age less than 35 

years) account for about 21 percent of our sampled households . 

Formal education of respondents varies from zero (illiterate) to grade 12 complete with an 

average formal school attainment of about 1.5 years which means that majority of the sampled 

households are mainly illiterate or primary school attendants (see Table 4.1). 

4.1.2. Income, Expenditure and Wealth of Surveyed Households 

Farmers in the study area are engaged in mixed farming activities. These activities include food 

crop production like 'dagusa', maize, 'teff', wheat, and barley and vegetables and fruits 

production including tomatoes, potatoes, onions, calTots , pepper, cabbages, beetroot, bananas, 

coffee, orange, and sugar cane. Farmers are also rearing domestic animals such as cows, oxen, 

sheep and goats, donkeys and mu les. 

Major sources of income in the study area are on-farm activities mainly from crops, fruits and 

vegetables, which accounts for the lion 's share (about 90%) of average income per household . 

Farmers also earn income from sa les of livestock and livestock by-products (like butter, ski ns 

and honey) . Income from other sources such as trading crops and livestock, renting-out ox, mule 

and land, producing traditiona l alcoholic drinking and remittance from relati ves are also sources 

of income for some fmmers. Income of the surveyed households ranges from 456.5 to 12,239 
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BilT with an average value of BilT 4 ,729.65 per annum per household (see Table 4.1). Per capita 

income is Bin 831.22 and 69.27 per annum and per month, respectively. The monthl y per capita 

income from our data is higher than BilT 62.7 monthly per capita income repOlted by the IMF at 

country leve l (IMF, 2001). 

On the expenditure side, surveyed households spent on food, non-food items (like clothing, 

educati on, health and transport) , and agricultural related activities including expenditure on 

fertilizers, selected seeds, chemicals, and renting ox and land. Expenditure on food takes a 

significant share of average expenditure (about 52%). On the average household expenditure is 

BilT 5,077.15 with a range of BilT 1,177 to Bin' 12,061.4 per annum. 

Comparing average expenditure with average income of households the former is hi gher than 

the latter suggesting that households tend to underestimate their actual income. Therefore, since 

credit to finance expenses of sampled households is limited (about 2% of average expenditure 

mai nl y for agricul ture related inputs), expenditure better indicates households' actual income 

and hence it is used as a proxy for income in our regression analysis. 

Finding wealth indicators is difficult in rural areas of most deve loping counlties. Sometimes 

conugated iron-roofed houses can be taken as proxy for wealth. But in our study area over 91 

percent of sampled households have corrugated iron-roofed houses suggesting that con'ugated 

iron-roofed house may not be a good variab le to measure wealth of respondents. Ownership of 

oxen can also be taken as a wealth indicator as oxen are major traction power in rural areas 

where most households depend on agriculture for their livelihoods. Alternative ly, total number 

of livestock owned by a household may be taken as a proxy for wealth of the househo ld. Thi s 

wea lth indicator seems better as total number of livestock inc ludes oxen and other domestic 

animal s as well. Thus, total monetary value of all li vestock owned by a farmer is used as a proxy 

for wealth of the respondent . 

The surveyed househo lds have a total numbers of 372 oxen, 190 cows, 116 bulls, 125 calves, 

417 goats and sheep, 8 mules, 31 donkeys and 93 beehives with the cOITesponding average of 

1.43 , 0 .73, 0.45 , 0.48 , 1.60, 0.03, 0.12 and 0 .36 per household . Culti vated (both rain-fed and 
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in'igated) land holding per household ranges from 0 to 3.5 hectares with an average of about 1 

and 0.18 hectares per household and per person, respectively (see Table 4. 1). 

On average, monetary value of li vestock is Bill' 2,528 .10 per household with a range of Birr 0 to 

Birr 9,930 and about 8.5% of surveyed households have no livestock. 

4.1.3. Institutional Setups, Water Quality and other Variables 

As reported in Table 4.1, about 61 % and 30% of the surveyed households are users of irri gation 

water for multiple purposes, wh ich is governed by water fathers and WUAs, respecti ve ly. 

Concerning choices of inigation water use rights by farmers, onl y 24% of our respondents 

choose ilTigation water ri ghts under the umbrella of WUAs compared to about 43% who want to 

use irrigation water managed by the community. 

A majority of our respondents (over 59%) are anticipating reduction in farrn plot due to higher 

famil y size as it is the responsibility of heads of household to give land for their male chi ldren 

usuall y after matTiage. Only about 12% of the sampled households expect that there will be a 

decline in the size of their farm plots because of village level land redi stribution by the 

government (see Table 4.1). 

Regarding irrigation water quality, most respondents (56%) percei ved the quality as sati sfactory 

followed by respondents who considered ilTi gation water quality as good (23%). The remain ing 

21 % responded that ilTigation water quality for domestic uses is bad. Quantity of irrigation 

water co ll ected for domesti c uses varies from 0.5 - 6 jelTy cans each day with an average of 

about 3 jetTy cans per household per day (see Table 4.1). This means that water consumption per 

capi ta per day for domestic uses (like drinking and cooking) is about 0 .53 jen'y cans (or about 

12 liters) . 

Users of inigation water in the sampled households are divided into upper users (14%), middle 

users (72%) and lower users (14%) implying that households access ilTigation water with 
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different qualities and quantities for multiple purposes and partly for this reason their WTP is 

expected to vary with location of users . 

4.1.4. Multiple Uses of Irrigation Water: Non-Crop Uses 

In the study area, inigation water from river and major springs is used for crop production 

mainly vegetables (cabbage, tomatoes and potatoes) and fruits (orange, banana and coffee). 

Apmt from irrigating crops, ilTigation water from both sources is used for domestic purpose 

(including drinking, cooking, washing and cleaning household equipment), livestock watering 

and gardening. Tn rural areas of Bure distri ct where piped water supply is limited or non-existent 

but with relatively abundant ilTigation water, most households use ilTigation water for non-crop 

purpose such as drinking, cooking, washing and li vestock watering. 

In the two kebeles (Wan Gedam and Wondegi) of Bure woreda selected for thi s study, a large 

proportion of households consume water from springs and rivers that provide water for 

ilTigation purposes. As indicated in Figure 4.1, about 52% of the households use water from 

both springs and rivers for domestic uses that are used by farmers for irrigation activities. About 

48% co ll ect water from springs on ly for domestic, which provide water for irri gation purposes 

directly (before flowing to the nearby river) and/or after joining the river. In the case of 

livestock over 90% of sampled households use ilTigation water from livers before and after 

diversion and from small traditional canals bui lt on rivers. 
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Thus, Figure 4.1 above witnesses that almost all households in the selected kebeles used 

irrigation water for non-agricultural uses either from springs, rivers or both. However, in most 

cases when irrigation water systems have been developed, there is a tendency to focus 

exc lusively on irrigation water in terms of irri gation water admini stration like modern 

communal (water user association) and traditional water leaders (water father) , irrigation water 

allocation and project designing. Thi s implies that most often mUltiple uses of ilTigation water 

are ignored in designing inigation projects , managing and allocating ilTigation water. As the 

rural population is growing and in'igation water scarcity is felt among farmers, ignoring multiple 

uses of irri gation water may lead to confli cts among uses and users. On the other hand, 

providers of improved rural water for domestic uses rarely consider the multiple uses of water 

from such sources. These imply that in developing and maintaining ilTigation water and 

provision of improved rural water suppl y, multi ple uses of water from a given source is not 

considered by responsible bodies. 
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4.2. Bivariate Analysis 

This sub-section provides pall·-wlse corre lalion analyses between responses to the first bids 

posed for non-crop uses of irrigation water and socio-economic and other variables. 

The pair-wIse correlation between responses to the initial bid proposed to respondents for 

gardening and domestic uses of existing and improved ilTigation water and explanatory 

variables included in each probil model are reported in Table 4.2. 

The cOITelation of discrete responses to the fi rst bids with income, initial bid , age, age-squared, 

family size, education dummy, location dummy (middle user), quantity of ilTigalion water 

consumed, inigation water management dummies and dummies for choices of these water 

managements and land tenure dummies is significant at 99% level of confidence for domestic 

uses of existing ilTigation water (see Table 4.2) . 

In the case of improved ilTigation water supply for domestic uses, the cOITelation ex ists between 

yes responses to the first bid and income, education, age, age-squared, quantity of water 

consumed, water related institutional atTangements, which fall under the umbrella of water 

father and community and choices of these institutions and land tenure security at less than 10% 

level of signi ficance. But there is no significant pair wise cOITelation between yes responses to 

the first bid and distance from water sources, family size, sex of respondents, quality of 

irrigation water for domestic uses, site and location of users (see Table 4.2). 

Table 4.2 reports the pair-wi se cOITelation between posi ti ve responses to the initial bid proposed 

for gardening uses of iITigation water per one-fourth hectares and explanatory variab les. Thi s 

pair-wise con·elation is significan t at least at 10% level of significance between responses to the 

first single-bounded question and the initial bid proposed to gardening uses of ilTigation water, 

income, family size, source of irrigation water, land tenure security, water insti tutional setup and 

ownership of oxen. 
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Table 4.2: Pair· wise Correlation Analysis: gardening and domestic uses of irrigation water 

Explanatory Variables Dependent Variable 
Domestic Uses Gardening 

Existing Improved Existing 
il=1 if yes ili=1 if 

to yes to the ilg=l if yes 
the 1" bid 1'( bid to the 1" bid 

Initial bid: domestic uses of ex isting irrigation water 
-0.243** * - -

Initial bid : domestic use of improved irrigati on water - -0.259*** -
Initial bid for gardening uses of irrigation water - -0.337*** 

Natural logarithms of income 0.399*** 0.348*** 0.267*** 

Wealth 0.198*** -
Distance from current water sources -0.012 -0.051 -
Age of respondent 0.170*** 0.169*** 0.107* 

Family size of respondent 0.051 0.054 -0.0 12 

Sex dummy: female= I -0.049 -0.096 -0.089 

Site dummy: Wan Gedam=I , 0 otherwise O.ot8 0.033 

Education dummy: I=grade 4 or more 0.064 0.088 0.081 

Location dummy: middle user= l , 0 otherwise 0.161 *** 0.089 0.095 

Locati on dummy: end user=I, 0 otherwise 0.05 0.043 0.049 

Source dummy: I=uses from both spring & river 0.416*** 0.337*** 0.307*** 

Age-squared of respondent 0.143 *** 0.159* 0.097 

IQuantity o f water consumed 0.422*** 0.414*** -
Land tenure dummy: I=farmers anticipate fall in farm plot 
due to higher fami ly size 0.449*** 0.398*** 0.354*** 
Land tenure dummy: I=farmers anti cipate fall in farm plot 
due to government land redistributi on -0.158*** -0.187*** -0.158*** 

Irrigation water management dummy: 1= WF, 0 otherwi se 0.323*** 0.350*** 0.307*** 

Irrigation water management dummy: 1= community -0.131 ** -0.188*** -0.052 

Use rights choice dummy: 1= WF -0.343* ** -0.351 *** -0.343*** 

Use rights choice dummy: 1= community -0.042 0.023 -0.0 II 

Inigation water quality dummy: I=sati sfactory quality 0.085 0.004 
Irrigation water quality dummy: I=bad quality -0.121 ** -0.088 

Dummy: I=farmers use irrigation water for domestic uses 0.129*** 0.102* 0.189*** 

Land size - - 0.113** 

Ox ownership dununy: 1= has ox/oxen, 0 otherwise - - 0.235 *** 
***, ** & * mdlcate Signi f icance level at 1%, 5% and 10%, respeclively 
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In short, pair-wise analyses described above provide the basic relationship between variables 

used in our empirical models that provide further insight about relati onship between left hand 

side variable and right hand side vaJiables, However, one main problem of pair-wise cOll'e lation 

analysis is that holding other variables whi le we are looking at cOIl'e1ation between two 

variables is impossible, This problem can be avoided in our multi variate analysis , 

The pair-wise cOll'elation also depicts that there are conelations among explanatory vari ables 

implying existence of multicollinearity, which is not common problem in cross-sectiona l data 

compared to time series data, Although multicollinearity exists among our right hand side 

variables, it is not a serious problem as its magn itude is not large except between age and age

squared, which is about 0 ,98 (see annex 7), [0] 

4.3. Multivariate Analysis of Determinants of Households' WTP 

Econometric analysis helps in providi ng more insi ght about detelminants that affect responses 

of households to CV survey questions, These determinants are mainly socio-economic variab les 

and propelty ri ght regimes that govern allocation of ilTigation water among uses and land tenure 

secUlity, In modeli ng determinants of non-crop uses of inigation water we employ step-wise 

deletion of vaJiables to identify explanatory vaIi ables that better explain the dependent variable 

(the binary response to the initial bid)I, 

4.3.1. The Probit Model Estimation Results and Discussion 

Estimation results of the probit mode l are reported based on the theoretica l model that has 

already been developed in the preceding chapter. A stati stical relationship is used to examine 

whether WTP responses of surveyed households are systematica lly re lated to soc io-economic 

and other relevant vatiab les or not. The probit model estimation results are presented on 

determinants of households' WTP for domestic uses of irrigation water without proposing 

changes in the quality of the existing water suppl y from ilTigation systems and after some 

I In such step-wise deleLion of variables, economic theory also leads us to include some critical variables such as 
income even if they are statisticall y insignificant. 

ss 



improvements are proposed concem ing its quality. T he estimation results are also reported on 

the determi nants of households' WTP for gardening uses of ilTigation water under existing 

inigation water quality (see Annex 1,2 and 3). 

For specific use of irrigation water, Ordinary Least-Squares (OLS) estimation results are also 

reported in annex 4, 5 and 6. In the case of OLS empirical models the dependent variable is 

respondents' maximum WTP for non-crop uses of in'igation water, which was obtained from 

open-ended follow up questions. Stati sti ca l significances and signs of OLS model estimation 

results are consistent with probit model estimation resu lts except magnitudes and stati stical 

significance of some expl anatory variables. 

The measure of overall significance of the model, namely, the Wald test, which assumes the chi 

square (X2
) distribution , is 78 .70 for the probit model with 22 degrees of freedom (df) for 

domestic uses of ilTigation water without proposing any change; 86.53 for the fitted probit 

model with 23 df after change in qua lity of ilTigation water for domesti c use is proposed and it is 

69.42 for estimated probit model for gardening uses of irrigation water (see Annex 1, 2 & 3). 

These imply that the joint nul l hypothesis of coefficients of all explanatory vmiables included in 

all models are zero is rejected at less than 1 % level of significance. 

Another measure of goodness of fit of our model s is McFadden' s pseudo R2, which is 

equivalent to coefficient of determination (R2) in conventional regress ion model. Pseudo R2 is 

0.587, 0.494 and 0.381 for the probit model employed to estimate probability of accepting the 

initial bid for domestic use of inigation water without any change; after an improvement is 

introduced and for gardening uses of ilTigation water, respectively (see Annex 1, 2 & 3). This 

means that the model explai ns about 59%, 49% and 38% of the variation in explained variable 

for the respecti ve probit model s (i.e., the goodness of fit of the models is adequate) . 

The coefficients of the probit models reported in annex 1, 2 and 3 tell us onl y signs and 

significance of each explanatory variable. That is, they do not indicate the marginal effects of 

explanatory (ri ght hand side) variables on the dependent (left hand side) variable . This means in 

the probit mode l only the signs (not the magnitudes) and significance of the coeffi c ients of 
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independent variables are important. In order to analyze the effects of each explanatory vari able 

on the probability that respondents accept or reject the initial bid (/1'), the parti al deri vati ves of 

discrete responses to the initial bid with respect to explanatory vatiables must be taken (Greene, 

1997). These partial derivatives give us the margina l effect of independent variab les on the 

dependent variable. The marginal effects of the probit model estimation results are reported 

below for each model (i.e. , for domestic uses of ilTigation water at existing quali ty, after 

improvement is proposed in ilTigation water quality for domestic uses and gardening uses of 

ilTigation water) . 
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Table 4.3: Marginal Effect Estimates of the Probit Model: Existing Irrigation Water for 

Domestic Uses 

Dependent variable is discrete response (yes=lIno=O) to initial bid (f3') 

Explanatory variables 

Initial bid (in Birr) 
Natural logarithm of income 
Distance from existing water source (in meters) 
Age of respondent (in years) 
Fami ly size (in numbers) 
Dummy for sex of household: I if sex is female, 0 otherwiset 

Dummy for site: 1 if site is Wan Gedem, 0 otherwiset 

Dummy for education: 1 if education ~ grade four, 0 otherwiset 

Dummy for location: 1 if middle user, Ootherwiset 

Dummy for locat ion: 1 if lower user, Ootherwiset 

Dummy for water source: I if both ri ver and spring, 0 
otherwiset 
Age-squared of the respondent 

Quantity of water used per day (in jerry can=20-25 litters) 

Dummy: 1 if farmers anticipate reducti on in farm plot due to 
increase in fami ly size, 0 otherwiset 
Dummy for land tenure: 1 if farmers anticipate land distribution, 
o otherwiset 
Dummy: 1 if irrigation water is managed by WF, 0 otherwiset 

Dummy: I if water is managed my community, Ootherwiset 

Dummy: 1 if respondents chose WF, Ootherwiset 

Dummy: 1 if respondents chose community based water 

Use rights , 0 otherwiset. WUAs are ou r base group 

Dummy: 1 if water quality is sati sfactory, Ootherwiset 

Dummy: 1 if water quality is bad, 0 Olherwise t . 

Dummy: 1 if fanners use for domestic purposes onl yt 

( users for multiple uses are reference group) 

Number of obs = 260 
Wald ch i2(22) (i) = 78.70 
Prob > chi2 (i) = 0.0000 
Log likelihood = -73.585 
Pseudo R' = 0.587 

***. ** & '*' indicate slgmficance level at 1%,5% and 10%, respec ti ve ly. 
t dF/dx is for discrete change of dummy variable from 0 to I 
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dF/dx 
-0 .0109 
0.5229 
0.0004 
0 .0563 

-0 .0613 

0.1116 

0.2889 

0 .2614 

0.0694 

-0 .3019 

0.5269 

-0 .0005 

0.1296 

0.3661 

0.1584 

-0.6848 

-0.4537 

-0 .6341 

-0.3116 

-0.2106 

-0.2065 

0 .3744 

Robust 
Std. Err. Z-Value 

0 .0025 -4.26*** 
0 .1369 3.67*** 
0 .0003 1.62 
0.0207 2.80*** 
0 .0329 -1 .92* 

0 .1275 0 .89 

0 .1169 2.35** 

0 .1049 2.46** 

0.1413 0.5 

0.0852 -2.58*** 

0.1351 3.26*** 

0.0002 -2.54*** 

0 .0545 2.38** 

0.0899 3.61 *** 

0.1538 1.05 

0.1339 -3.73*** 

0.0485 -4.93*** 

0.0652 -4.93*** 

0.1082 -2.65*** 

0.1139 -1.47 

0.1000 -2 .04** 

0.1265 2.82*** 



The marginal effects of the probit model indicate the change in the probabil ity (or likelihood 

oCCUtTence) of an event due to a unit change in the cont inuous explanatory variables and the 

change of dummy vari ables from 0 to 1 for di screte variab les. 

In the case of both probit models to identify determinan ts of households' WTP for existing and 

improved irrigation water for domestic uses, the coefficient of income of the respondent is 

positive and stati sti call y significant at more than 99% leve l of confidence interval. As Tables 4 .3 

and 4.4 indicate, holding other th ings constant, a one Bin' increase in income of the respondent 

wi ll pick-up the probability of accepting the first bid proposed for domestic uses of in'igation 

water before and after improvement is introduced by about 0.52% and 0.34%, respectively. This 

witnesses that a household with higher income is willing to pay more for domestic uses of 

in'igation water. 

Table 4.4 reveal s that the coefficient of the wealth of respondents is as expected and statisticall y 

significant at conventional level of signi ficance. Other things remain the same, an increase in 

wealth of a respondent by one BitT leads to a 0.004% ri ses in the probability of accepting the 

proposed bid for improved itTigation water supply for domestic uses. Since the percentage 

increases in the probability is low, the effect of wealth of the respondent on their WTP is not 

strong. For exi sting in'igation water wealth has wrong sign but it is stati sti call y insigni ficant 

and hence it is omitted from the probit model. 

The coefficient of family size has the expected sign and stati stically significant at 10% level of 

significance. One possible reason is that since suppotting other family members is the 

responsibility of head of the household, respondents with larger family size are less likely to pay 

for domestic uses of inigation water. As it can be seen from Tables 4.3 and 4.4 , keeping other 

things constant, an increase in family size reduces probability of saying yes to the posed prices 

by 6% and 5% for ex isting and improved itTigation water fo r domestic uses, respectively. 

A unit increase in age of the respondents picks up the li ke lihood that they are wi lling to pay for 

domestic uses of ex isting irri gation water by about 5.6%. The possible explanation for the 

signi ficant effects of age on the WTP for existing itTigati on water is that age could be taken as 
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expenence and hence older individuals know about the benefits of in'igation water better. 

However, as the coefficient of age-squared is negative (about -0 .001 or -0. 1 %) there is a 

maximum age beyond which probability of paying for domesti c uses of in'igation water fall s as 

age increases (see Table 4.3). For these explanatory variables, coefficients are statistica lly 

significant at 99% confidence interval. 

In the case of improved ilTigation water supply for domestic uses , however, the influences of 

age of respondents on the probabi lity of accepting the proposed initial bids is with expected sign 

but it is stati stically insignificant even at 10% level of significance. This may be due to the fact 

that as age gets older and older individuals want to stick to existing ilTigation water supply (see 

Table 4.4). 

Although the coefficient of sex dummy (female=l) is as expected, it is stati stically insignificant 

at conventional level of significance to affect probabi li ty of accepting the initial bid proposed 

for existing and improved ilTigation water for home consumption. This result is unusual as it is 

the responsibility of a female to fetch water from the irrigation systems for domestic uses (see 

Tables 4 .3 and 4.4) . 

The coeffi cient of education dummy is with expected sign and stati stically significant at 10% 

level of significance. Holding other things constant, change in education level of the respondent 

from less than grade four to greater than or equal to grade four increases the probability that 

respondents are willing to pay the proposed bid by about 26% and 18% for domestic uses of 

existing and improved in'igation water, respectively (see Tables 4 .3 and 4.4). One possible 

reason could be that relatively literate individuals are more aware about natural resources and 

hence they try to conserve existing environmental goods and also vote for quality improvement 

in such goods including ilTigation water. 

Contrary to our a priori expectation the coefficient of distance from existing water sources is 

positive but it is statistically insignifi cant at conventional level of significance (see Tables 4.3 

and 4.4). 
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liTigation water management and administration to ensure equity (i.e., minimize conflicts over 

ilTigation water among users) and improve efficiency (avoid irrigation water misallocation) are 

important explanatory variab les in our model. The coeffic ients of dummies for water father 

(WF) and community- based ilTi gation water management are wi th expected signs and 

statisticall y signi ficant at less than 1 % leve l of significance. This implies that respondents who 

use ilTigation water managed by water father and the community itself are less wi lling to pay for 

domestic uses of ex isti ng and improved ilTigation water compared to those using it under WUAs 

(the reference group) (see Tables 4.3 and 4.4). In the case of ex isting irrigation water, for 

instance, accessi ng water under water father and community itself reduces probability of 

accepting the initial bid by about 68% and 45%, respectively against the base group (WUAs) 

(see Table 4.3). 

The reasons may include: firstl y, individuals organized under the umbrella of WUAs have more 

awareness about benefits of ilTigation water but those under WF and community based 

management systems may not have such awareness . Secondly, the problems of " free riding" are 

expected to be hi gh in the case of WF and community based irrigation water management as 

they do not have strong legal bases and rights enforcing mechanisms. Lastly, WUAs provide 

various services such as fertili zers, selected seeds and marketing for their members, which could 

play important role in increasing income of their members. 

The coefficients of dummies for respondents' choices of institutional arrangements to manage 

irrigation water allocation are as expected and significant. More specifically, the probability that 

respondents agree to pay the proposed bid for existing irrigation water for home consumpti on 

fa ll s by about 63 % and 31 % for those who chose WF and community-based ilTigation water 

managements, respectively compared to the reference group (WUAs) (see Table 4.3). In the 

case of improved ilTigation water for domestic uses the probability declines by 63% for 

respondents who chose in'igati on water management fa ll s under the umbrella of WF against our 

base group (WUAs) (see Table 4.4). 

An important policy implication here is that orgalll zing ilTigation water users under WUAs 

faci litates efficiency and equity in allocating ilTigation water among uses and users. Since 
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households who choose WUAs are willing to pay more for domestic uses of in'igation water, it 

is possible to in troduce irrigation water user fees that can signal scarcity of ilTigation water 

under WUAs instituti onal setup. 

The coefficient of the du mmy variable for end or lower users of ex isting ilTigation water fo r 

domestic uses is negative (-0 .3) and it is stati stically signifi cant at 1 % level of signi ficance. This 

implies that end users are less likely (by 30%) to pay for domestic uses of inigation water 

compared to the upper users (our reference group) because quality of ilTigation water gets 

poorer as it moves down the canal s. The negati ve impact of low quality of irrigation water on 

the probabili ty of paying for it for domestic uses is also suppOited by the coefficients of the 

dummy for bad quality (-0.21) and dummy for sati sfactory quality (-0.21) against the reference 

group (i lTigation water with good quality) (see table 4.3). For improved ilTigation water for 

domestic uses, however, the probabi li ty that end users accept the initial bid increases by nearly 

23% against our reference group (the upper users), wh ich is suppOited by, for instance, the 

coefficients of the dummy for bad quality (0.24) (see Table 4.4) . One of the reasons for such 

higher probabil ity of accepting the initial bid is that end users are accessing low quality 

irrigation water and hence they are more wi lling to pay for improved ilTi gation water supply fo r 

domestic uses . 

Keeping other thi ngs constant, changing the dumm y variables from base group to those 

anticipating land size reductions due to more fa mil y size will increase probabili ty of accepting 

the initial bid by about 37% and 27%, respectively, for existing and improved ilTigation water 

for domestic uses (see Table 4.3 & 4.4). This is probably due to the fac t that smaller and smaller 

farm plot enforces farmers to practice intensive farming activities that require more irrigation 

water, which in turn makes ilTigati on water more scarce. The scarcity of irrigation water induces 

farmers to pay more for multiple uses of thi s resource. 

The coeffic ient of site dumm y is as expected and stati sticall y signifi cant at 99% confidence 

interval implying that being in Wan Gedan kebele increases the probability of accepting the 

initial bid proposed for ex isting and improved irri gation water by about 29% and 27%, 

respectively, compared to the base site (Wondegi kebele) (see Tables 4.3 and 4.4). One possible 
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reason could be that fmmers in the former kebele use itTigation water intensively for vegetables 

and fruits and hence they are willing to pay more. 

Table 4.4: Marginal Effect Estimates of the Probit Model: Improved Irrigation Water for 

Domestic Uses 

Dependent variable is discrete response (ycs=lIno=O) to initial bid (/f ') 
Explanatory variables 

dF/dx 
Initial bid (in Birr) -0.00622 
Natural logarithm of income 0.33750 
Total value of all li vestock owned by reSjJOndent 0.00004 
Distance from existing water source (in meters) 0 .00005 
Age of respondent (in year) 0.01509 
Fami ly size (in numbers) -0 .04897 
Dummy for sex of household: I if sex is female, 0 
otherwiset 0.04980 
Dummy for site: I if site is Wan Gedem, Ootherwiset 0.27246 
Dummy for education: I if education 2: grade four, 0 
otherwiset 0.18362 
Dummy for location: I if middle user, 0 otherwiset -0.05722 
Dummy for location: I if lower user, 0 otherwiset. -0.23466 
Dummy: I if is both river and spring, 0 otherwiset 0.20279 
Age-squared of the respondent -0.00008 
Quantity of water used per day (in jerry can=20-25 li tters) 0.15788 
Dummy: I if farmers anticipate reduction in fa rm plot due 
to High family size, 0 otherwiset 0.27005 
Dummy: I if farmers anticipate land distribution, 0 
otherwiset -0.14655 
Dummy: I if irrigation water is managed by WF, 0 
otherwiset -0.33288 
Dummy: I if water is managed my commun ity itself, 0 
otherwiset -0.50625 
Dummy: I if respondents choose water father, 0 
otherwiset -0 .63186 
Dummy: I if respondents choose community based water 
use rights, 0 otherwiset . WUAs are our base group -0.07684 
Dummy: I if water quality is sati sfactory, 0 otherwiset 0.03352 
Dummy: I if water quality is bad, Ootherwiset . 0.24253 
Dummy: I if farmers use for domestic purposes only 
(users for multiple uses are reference group) t 0 .29909 

Number of obs = 260 
Wald ch i2(23))(x:2) = 86.53 
Log likelihood = -90.454 
Pseudo R' = 0.494 

***, ** & * indIcate Significance level at 1 %,5% and 10%. respecti vely. 
t dF/dx is for discrete change of dummy variable from 0 to I 
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Robnst 
Std. Err. 
0.00153 
0.13634 
0.00002 
0.00027 
0.02012 
0 .03015 

0.10887 
0.12254 

0.10345 
0.12069 
0 .10886 
0.13583 
0.00020 
0.05512 

0 .09962 

0.11658 

0 .21503 

0.05309 

0.07816 

0.10964 
0.13895 
0 .12692 

0 .16314 

Z-Value 
-4.05*** 
2.48"* 
1.82* 
0.17 
0.75 

-1 .65* 

0.46 
2.13** 

1.77* 
-0.47 
-1.87* 
1.46 

-0.39 
2.88*** 

2.59*** 

-1.17 

-1.48 

-3.92*** 

-4.29*** 

-0.70 
0.24 
1.87* 

1.75* 



Although signs of income of respondents, family size, sex and land holdings under culti vation 

are in line with our a priori expectation, statistically they have no impact on the probability of 

accepting the initial bid posed to users for gardening uses of ini gation water (see Table 4.5). 

T he coefficients of age and age-squared of respondents are significant and as expected. Since 

age of respondents is considered as experience in using natural resources such as land and water, 

an increase in age of fanners leads to about 3.7% increase in the probability of accepting the 

initi al bid proposed for gardening uses of inigation water. But age-squared has a negative effect 

on the probability and hence there is a maximum limit fo r the positive influence of age on 

consumers' WTP for the good under consideration (see Table 4.5). 

Respondents who use in·igation water managed by water father and the community itself are 

wi lling to pay less against the base group (WUAs). More specifically, being organized under 

water father and community itself to use ilTigation water reduces probabi lity of responding to 

the initial bid by about 26% and 39%, respectively. Similar resu lts were reported for choices of 

irri gation water uses rights for gardening purposes (see Table 4.5) 

Ownership of oxen increases probability of saying yes to the initial bid posed on farmers for 

gardening uses of ilTigation water by 18% (see Table 4.5). A possible explanation is that 

respondents who have ox/oxen are widely involved in farming activities (including gardening) 

by renting in land and sharing crops in addition to their own land. Thus they are wi lling to pay 

more against the base group (those without ox). 

Table 4.5 reveals that farmers who are expecting reduction in farm size are willing to pay more 

(increases the probability by about 30.4%) compared to the reference group (who are 

anticipating no change). The explanation is the same as given earlier. 

For all models initial bids have negative effects on the probability of accepting that bid implying 

that an increase in the initial bid reduces the like lihood that respondents are paying the proposed 

bid, which is logical (see Tables 4.3-4.5). 
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Table 4.5: Marginal Effect Estimates of the Probit Model: Gardening Uses 

of Irrigation Water 

Dependent variable is discrete response (yes=lIno=O) to initial bid Uf') 

Explanatory variables 

Initial bid (in Birr) 
Natural logarithm of income 

Land holding 
Acre of respondent (in year) 

Family size (in numbers) 

Dummy for sex of household: 1 if sex is female, 0 

otherwiset 
Dummy for education : 1 if education 2: grade four, 0 

otherwise, 
Dummy for location: 1 if middle user, 0 otherwiset 

Dummy for location : 1 if lower user, 0 otherwiset 

Dummy for water source: 1 if both river and spring, 0 

otherwiset 
Acre-squared of the respondent 

Dummy: 1 if farmers anticipate reduction in farm plot 

due to high family size, 0 otherwiset 

Dummy: 1 if farmers anticipate land distribution, 0 

otherwiset 
Dummy for irrigation water management: 1 if ilTigation 

water IS managed by WF, 0 otherwi se (WUAs is 

reference group) t 
Dummy: 1 if water IS managed my community, 0 

otherwiset 
Dummy for choice of water use rights: 1 if respondents 

choose water father, 0 otherwiset 

Dummy: 1 if respondents choose community based water 

use rights, 0 otherwise. WUAs are our base groupt 

Dummy: 1 if respondents are owners of ox, Ootherwiset 

Dummy: 1 if fmmers use for domestic purposes only 

(users for multiple uses are reference group) t 

Number of obs = 260 
Wald chi2(l9) = 69.42 

Prob > chi2 = 0.0000 

Log likelihood = -110.391 

Pseudo R2 = 0.381 

***, ** & * indicate sIgnificance level at 1 %,5% and 10%, respecti vely. 

t dF/dx is for di screte change of dummy var iable from 0 to I 
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Robust 
dF/dx Std. Err. 
-0.0083 0.0016 
0.0466 0.1474 

0.0552 0.0785 

0.0374 0.0176 
-0.0403 0.0274 

0.0049 0.1075 

0.2331 0.0943 
0.0780 0.1191 

-0.1553 0.1094 

0.0637 0.1112 
-0.0003 0.0002 

0.3039 0.0818 

-0.0124 0.1087 

-0.2594 0.1777 

-0.3921 0.0897 

-0.5395 0.0898 

-0.2462 0.0848 
0.1821 0.0990 

-0.4134 0.1367 

Z-Value 
-5.14*** 
0.32 
0.70 
2.13** 
-1.48 

0.05 

2.45*** 
0.66 
-1.33 

0.57 
-1.98** 

3.54*** 

-0.11 

-1.43 

-2.45* ** 

-3.60*** 

-2.79*** 
1.70* 

-2.68*** 



4.3.2. Bivariate Probit Model Estimation Results 

Unlike the conventional probit model (or s ing le-bounded probit model), the bivariate probit 

model (or the double-bounded probit model) of thi s study is estimated using responses to the 

first and the second bids. Other exp lanatory variables such as socio-economic variables and 

ilTigation water rights that govel1l ilTi gation water all ocations are omitted from the double

bounded model as most of them are statistically insignifi cant in the second equation. The 

bivariate probit estimates of the double-bounded CV responses are summarized in tables below 

(Tab les 4.6 - 4.8). 

4.6. The bivariate estimates for domestic uses of irrigation water (without improvement) 

Variables Coer. Std. Err. 

Dependent variable (yesno= 1 if yes to the initial bid) 

, 0 otherwise 

Initi al bid per year 0.0191 0.0038 

Constant 0.8707 0.1856 

Dependent variab le (yes2=1 if yes to the second bid) 

, 0 otherwise 

Second bid per year -0.0138 0.0072 

Constant 0.3559 0.2969 

Rho (p) 0.6507 0.0821 

N umber of obs = 260 

Wald ch i2(2)(X2) = 26.93 

Prob > chi2 (X') = 0.0000 

Log like lihood = -322.788 1 

Likelihood ratio test of rho=O: chi2(l) = 38.3045 Prob > chi2(X2
) = 0.0000 

***, ** & * indicate significanl level at 1%, 5% and 10%, respectively. 
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Z-Value 

-5.08*** 

4.69*** 

-1.91 * 

1.20 



4.7. The bivariate estimates for domestic uses of irrigation water 

(After proposing improvements) 

Variables Coer. 

Dependent variable (yesno: I if yes to the initial bid) 

, 0 otherwise 

Initial bid per year -0.0105 

Constant 0.6110 

Dependent variable (yes2: 1 if yes to the second bid) 

, 0 otherwise 

Second bid -0.0163 

Constant 0.6571 

Rho (p) 0.7734 

Number of obs : 260 
Wald chi 2(2)(X2

) : 22.04 
Prob > chi2 (X2) : 0.0000 
Log likelihood : -317.0677 

Likelihood ratio test of rho=O: chi2(1) = 60.1422 Prob > chi2(X2) = 0.0000 
*"'*, ** & '" indicate significant level at 1 %,5% and 10%, respectively. 
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Std. Err. 

0.0023 

0.1685 

0.00471 

0.1718 

0.0670 

Z-Valuc 

-4.52*** 

3.63*** 

-3.46*** 

3.83**' 



Table 4.8: Bivariate Probit Model Estimates for Gardening Uses of Irrigation Water 

Variables Coer. 

Dependent variable (yesno= l if yes to the initial bid) 

, a otherwise 

Initial bid per year -O.Olll 

Constant 0. 5541 7 

Dependent variable (yes2=] if yes to the second bid) 

, a otherwise 

Second bid -0.0102 

Constant 0.5210 
2 

Rho (p) 0.7414 

Number of obs = 260 
Wald chi2(2) = 28.23 
Log li kelihood = -313.057 
Prob > chi2 = 0.0000 

Likelihood ratiO test of rho-O: ch12(l ) - 58.0412 Prob > chl2 - 0.0000 
***, ** & * indicate signi ficant level at 1 %, 5% and 10%, respectively. 

Std. Err. Z-Value 

0.0021 -5.29*** 

0 .1545 3.59*** 

0 .0028 -2.91 *** 

0 .15876 3.28*** 

0.0678 

In all the double-bounded estimates repotted above the initial bid and the second bid have the 

expected signs and are statis ti call y significant at less than 10% levels of significance impl ying 

that higher initial bid and second bid lead to lower probabili ty of accepting that bid (see Tables 

4 .6 - 4 .8). 

In our fitted bivariate model Rho (p ), the coeffi cient of correlation of error terms of the 

double-bounded model, is pos itive and stati sticall y signifi cant at 1 % level of significance (see 

Tables 4 .6-4. 8). Thi s basica lly shows that there is a positive linear relationship between the 

random components of the responses to the initial bid and the second bid. The fact that Rho 

( p ) is less than unity indicates that the con"elation between the random components of the 

responses to the initial bid and the second bid is not perfect. 
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4.3.3. Single-Bounded and Double-Bounded Model Estimates: A Comparison 

In order to compare the stati stical efficiency of double-bounded and single-bounded 

dichotomous CV questions, two models were fitted using the CV survey data of this study. The 

conventional single-bounded model was fitted using responses to the initial bids while the 

double-bounded model was estimated using responses to both the first and the second bids. The 

estimation results of both models are reported in Table 4.9 below. 

Table 4.9: Pro bit and Bivariate Probit Estimates of Households' WTP for Non-crop Uses 

of Irrigation Water 

Descriptions Single-Bounded Model Double-Bounded Model 

Existing Irrigation Water 

CoeC. Std. Err. Z-Yalue CoeC. Std. Err. Z-Yalue 

Initial bid (per year) -0.0206 0.0039 -5 .28*** -0.0191 0.0038 -5.08*** 

Constant 0.9480 0.1920 4.94*** 0.8707 0.1856 4.69*** 

Improved Irrigation Water 

CoeC. Std. Err. Z-Yalue CoeC. Std . Err. Z-Yaluc 

Initial bid (per year) -0.0113 0.0024 -4.76*** -0.0105 0.0023 -4.69*** 

Constant 0.6659 0.1751 3.80*** 0.6110 0.1685 3.63*** 

Gardening Use of Irrigation Water 

CocC. Std. Err. Z-Yaluc CocC. Std. Err. Z-Yaluc 

Initial bid (per year) -0.0 114 .002 11 9 -5.38**' -0.0 III 0.0021 -5 .29*** 

Constant 0.5809 . 157815 3.68*** 0.5542 0.1545 3.59*** 

***, ** & * indicate significance level at 1 %, 5% and 10%, respectively. 

Statistical efficiency of double-bounded model versus single-bounded model can be compared 

from three perspectives. First, the precision of the estimates of the intercept term and coefficient 

of bids, which is measured using estimated standard errors. Second, the goodness of fit of the 

estimated models using pseudo R 2 . Lastly, the precision of the estimates of welfare measures 

derived from the underlying coefficients of bids (Hanemann, Loomis and Kanninen, 1991). 
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In our case, standard elTors of the coefficients of bids and constant telms are approximately the 

same for both double-bounded and single-bounded model s, which lead to the same t-stati stics 

(see Table 4.10). Pseudo R 2 , which is a measure of goodness of fit , does not differ much in the 

two models. These facts imply that given our sample size efficiency gain from using double

bounded model over single-bounded model is not significant as such. Therefore, we use on ly 

estimates of single-bounded model to calculate central values of households ' WTP for multiple 

uses of irrigation water. 

4.4. Summary of Households ' WTP and Estimation of Total WTP 

4.4.1. Summary of Households' Responses to Discrete Choice Questions 

Table 4.10 reports average values of the initial bid, the second bid and numbers of yes responses 

to the first and second bids. 

Table 4.10: Descriptive Statistics of Households' Responses to Double-Bounded Questions: 

Domestic Uses of Irrigation Water 

Variables Current Status Improved Status 

Mean Std. Dev. Mean Std. Dev. 

Ini tial (first) bid 44.0792 21.5678 66. 11 53 34.4385 

Second bid 44.0692 21.5274 65.5769 33.9892 

Discrete Responses for the first bid 0.5115 0.5000 0.4700 0.5000 

Discrete Responses for the second bid 0.5269 0.5002 0.5461 0.4988 

Source: Summary of sample survey 

The average initial bid is Birr 44.08 and 66.12 for ilTigation water at existing status and after 

some improvements are proposed, respectively. The second bid for the respective quali ty of 

in'igation water is BilT 44.08 and 65 .58 . The yes response for the first bid is about 51 % for 

irrigation water without improvement and 47% after the improvement is introduced (see Table 

4.10). 
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Table 4.11: Descriptive Statistics of Households' Responses to Double-Bounded 

Questions: Gardening 

Variables Gardening uses of Irrigation Water 

Mean Std. Dev. 

Initial (first) bid 52.08 31.27 

Second bid 50.71 29.23 

Discrete Responses to the first bid 0.44 0.50 

Discrete Responses to the second bid 0.54 0.50 

Source: Summary of sample survey 

On average, the first bid proposed for gardening uses of itTi gation water is Bill" 52.08 while the 

average value for the second bid is Bill" 50.71, which is lower than the initial bid. The yes 

response for the initial bid is about 44%, which is 54% for the second bid (see Table 4.11). 

4.4.2. Average Values of WTP 

4.4.2.1. Estimation of Mean WTP: Open-ended Question Responses 

Respondents ' maximum WTP to the open-ended elicitation format for various uses of irrigation 

water is summarized as fol lows: 

Table 4.12: Average WTP across Uses of Irrigation Water: Open-ended Questions Results 

Types of Uses Mean Std. Dev. Min. Max. 

Domestic uses (ex ist ing quality) 35.8039 30.0575 0 180 

Domestic uses (improved quality) 54.2808 42.786 1 0 190 

Garden ing 41.7885 37.2785 0 200 

Source: Summary of sample survey 

Generally, respondents are wi lling to pay for multip le uses of in'igation water. The average 

WTP results obtained from the open-ended questions vary from about BitT 35.8 for domestic 

uses (at existing status) to BitT 54.28 for improved water for domestic uses per annum. The 
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minimum willingness to pay is BitT zero mainly refen'i ng to protest zeros (in al l cases of uses of 

irrigation water) with maximum WTP of BitT 200 for gardening uses of irrigation water. 

Although invalid zero exists in all cases , the proportion of those with invalid zeros is the lowest 

for improved ilTigation water supply for domestic uses (about 0.8%) followed by zeros for 

gardening (about 3.8%). One possible explanation for low protest zeros in the case of gardening 

is that farmers are paying itTigation water to uses for agriculture especiall y during dry seasons in 

the informal markets implying that farmers have already been exercising purchasing itTi gation 

water. The policy implication is formali zing such markets could lead to efficient allocation of 

itTigation water. 

4.4.2.2. Calculating Mean WTP: Single-Bounded Model Estimation Results 

One of the main objectives of estimating an empirical WTP model based on the CV survey 

responses is to derive a central value (or mean) of the WTP di stribution (Hanemann , Loomis 

and Kanninen , 1991). 

Mean WTP (/-t) llsing the model for the single-bounded format is defined as follows: 

Where: 

a o 
a 1 

ao = the constant (or intercept) term 

a l = the coefficient of the bid posed to the respondent 

Then mean WTP (/-t) can be computed using this fotm ula and the results from the single

bounded model given in Table 4 .9. Thus mean WTP is Birr 45.6 & 58.2 for domestic uses of 

existing and improved ini gation water, respectively. The respecti ve mean WTP is BilT 35.8 & 
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54.3 from responses to open-ended CV survey questions, which are lower compared to the mean 

• values obtained from the single-bounded probit model estimates. 

For garden ing uses of ilTigation water, the mean WTP is Bill' 50.96 using single-bounded probit 

model estimation results given in Table 4.9. The conesponding mean WTP obtained from 

open-ended question responses is Bill' 41.80, which is lower compared to the mean WTP 

estimated using conventional probit model outputs. 

Based on these mean WTP, total va lues of gardening and domestic uses of ilTigation water are 

estimated in the next sub-section under existing and improved scenarios. 

4.4.3. Estimating Total WTP: Single-Bounded and Open-Ended Results 

Total WTP obtained from all households in each selected kebele can be computed using the 

average WTP from single-bounded and open-ended value elicitation formats. That is, in each 

kebele total number of households is multiplied by the mean WTP, which gives us the total 

WTP of the households in the respecti ve kebele (see Table 4.13) . 

• T he upper IimilS of mean WTP obta ined from double-bounded estimates are nearly eq ual to the mean WTP results 
of the single-bounded probit models. 
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Table 4.13: Total WTP for Domestic Uses of Irrigation Water (in birr per year) 

Single-bounded Open-ended 

Items 
Households 

Mean Total Mean Total 

Existing Irrigation Water 

Wan Gedam 2, 139 45.6 97 ,538.4 35.8 76,576.2 

Wondegi 1,621 45 .6 73,9 17.6 35 .8 58,03 1.8 

Total 3,760 171,456 134,608 

Improved Irrigation Water 

Wan Gedam 2, 139 58.2 124,489.8 54.3 116,147.7 

Wondegi 1,621 58.2 93,342.2 54.3 88,020.3 

Total 3,760 217,832.00 204,168.00 

Gardening nses of Irrigation Water 

Wan Gedam 2,1 39 50.96 109,003.44 4 1.8 89,410.20 

Wondegi 1,621 50.96 82,606.16 41.8 67,757.80 

Total 3,760 191,609.60 157,168.00 

Existing Qnality Improved Quality 

Single-Bounded Open-Ended Single-Bounded Open-Ended 

Grand 363,065.60 291,776.00 409,441.60 361,336.00 

Total 

As indicated in Table 4.13 , the total WTP of total households in the study area could be 

aggregated under two scenarios. In the first scenmio , which assumes exi sting ilTigation water 

quality and institutional setup, total WTP is Birr 363,063.60 based on single-bounded mean 

WTP and Birr 291,776.00 per year using open-ended results, which is lower than that of single

bounded esti mates. 

In the second scenario where we proposed improvement in quality of ilTigation water for 

domestic uses whi le keepi ng ex isting institutional setup , the total WTP is Bin 409,441.60 using 

single-bounded estimates and Bin 361,336.00 obtained from open-ended mean WTP. 
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Therefore, total WTP of gardening and domestic uses of irrigation water is Birr 291,776.00 

using open-ended mean WTP and Birr 363 ,063.60 based on single-bounded probit estimates for 

existing ilTigation water quality, which increases to BitT 361,336.00 and Birr 409,44 1.60 under 

improved in·igation water supply for domestic uses, respectively. 

4.5. Aggregate Demand for Gardening and Domestic Uses of Irrigation Water 

The aggregate demand for specific non-crop uses of irrigation water is derived using midpoint 

maximum WTP obtained from open-ended follow up CV questions and total number of 

households multiplied by a relative frequencies of a cOITesponding class. In drawing the 

aggregate demand the vertical axis represents the midpoint and the horizontal axis represents the 

number of households . Fig. 4.2, 4.3 and 4.4 give us aggregate demand for domestic uses of 

existing inigation water, improved inigation water and gardening uses of itTigation water, 

respectively. 

Fig 1: Aggregate demand for irrigation water (current quality) 
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Flg. 4.2. Aggregate demand for improved domestic uses of irrigation ,,,,ter 
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Chapter Five 

Conclusions and Recommendations 

5.1. Conclusions 

In most rural areas of developing countries where modem water supply is limited or non

existent but with relati ve ly abundant ilTigation water, inigation systems provide water for 

multiple uses. Non-agricu ltural uses of ilTigation water, however, are often marginalized in 

valuing in·igation water. Thus, using the CVM, the study aims to empiricall y analyze vectors of 

determinants of households' WTP fo r multi ple uses of inigation water by emphasizing its non

crop uses. The study also estimates total WTP of non-crop uses of ilTigation water and deri ves 

its aggregate demand. 

Double-bounded referendum style value eli citati on format with open-ended fo llow up questions 

was employed to collect cross-sectional data from 260 randomly selected households in the Blue 

Ni le River Basin of the Bure district in West Gojjam zone of the Amhara Regional State of 

Ethiopia. Respondents were asked the CV survey questions to express their WTP for non-crop 

uses of ilTigati on water under two differen t scenarios. T he first scenario assumes ex isting 

irrigation water quali ty and quantity fo r domestic uses fro m a specific source. In the second 

scenario, quali ty improvement is proposed wi th re liable suppl y of inigation water fro m a given 

source for domestic uses. In both scenarios insti tutional alTangements remain the same. The 

study proposed payment vehicle in the form of water users' charges twice per annum just after 

the harvest 1 

Descriptive statistics and multivariate analyses are used in this study. Our mul ti variate analyses 

employed si ngle-bounded (conventional) and double-bounded (bivari ate) probi t models 

assuming a linear random utility function. Descriptive statisti cs and multi variate methods of 

data analyses were applied to examine vectors of explanatory vari ables that affect households' 

! In the study area, farmers produce at least two times a year. 
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WTP for non-crop uses of ilTigati on water; estimate total WTP based on probit model and 

derive aggregate demand for spec ific non-crop uses ilTigation water. The bivariate (doub le

bounded) model was in troduced to test stati stical efficiency gained from using doub le-bounded 

value elicitation format over single-bounded format. The heteroscedasti city problem is cOlTected 

using appropriate econometric software program (robust regression of the probit mode l). 

T he empirical results of the study indicate that households in the study areas are willing to pay 

positive amount for non-crop uses of irrigation water both before and after proposing quality 

improvement for domesti c uses. Respondents' WTP for non-crop uses of irri gation water is 

affected by explanatory variables, which can be categorized into institutional arrangement 

related variables, socio-economic and other variables. 

Institutional setups, which relate to water institution and land tenure security have signi ficant 

impact on households' WTP for non-crop uses of irrigation water. More specifically, users of 

ilTigation water managed by water father (traditional communal) and community itself (open 

access) are less willing to pay compared to water users associations (WUAs) (modem 

communal). Similarly, the probabi lity of accepting the initi al bid proposed for specific non-crop 

uses of ilTigati on water is lower for users who chose to access itTigation water under water 

father and communi ty compared with WUAs. The results also suggest that land tenure 

insecurity due to government land redistribution at village level has no effect on the probability 

of accepting the first bid wh ile expectation of farm plot reduction due to higher family size 

pos iti vely affects the probability. 

Socio-economic variables including Income, education , age and family size are among 

explanatory variables that in fluence probability of accepting the ini tial bid. For ex isting 

in'igation water quality for domestic uses, income, age and education level of respondents 

positively affect the probabili ty of responding to the initial bid. But famil y size has negati ve 

effect on the probabi li ty of saying yes to the first bid. In spite of the responsibility of female to 

fetch water for domestic uses, being a female has no signifi cant impact on the probability of 

accepting the proposed bid for both ex isting and improved ilTigation water quality for domestic 

uses. 
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In the case of improved irrigation water for domestic uses, the probability of paying for the 

improvement is positively affected by respondents' income, wealth and education level whereas 

fa mily size has negative impact on the probabi li ty of saying yes to the initial bid. Probability of 

accepting the ini tial bid proposed for garden ing uses of ilTigation water is positi vely affected by 

age and education level of respondents and ownership of ox/oxen. However, respondents' 

income, sex, fam il y size and land ho ldi ng under cul tivation have no stati sti cal ly signi fi cant 

effect on households ' WTP for gardening uses of ilTigation water. 

Other explanatory variables such as location of users, site, quality and quantity of irrigation 

water for domestic uses and whether respondents use irrigation water for domesti c uses or crop 

production or both have also impOltant impacts on households ' WTP. The findings of our study 

also show that in troducing double-bounded dichotomous choice value elicitation format did not 

improve statisti cal efficiency over single-bounded format. 

Mean WTP per household for ex isting and improved ilTigation water quali ty for domestic and 

gardening uses is Birr 45.60, 58.20 and 50.96 per year, respectively, using single-bounded 

probit model estimates. The respective mean WTP is Bin' 35 .80, 54.30 and 41.80 based on 

responses to open-ended survey questions. In each specific non-crop use of irrigation water 

mean WTP obtained from probit model esti mates is higher than that of open-ended results. 

Based on our two different scenanos and single-bounded and open-ended mean WTP, we 

obtained different total WTP for gardening and domestic uses of irrigation water. Thus, 

assuming ex isting ilTigation water quality total WTP for these uses of irrigation water is BilT 

29 1,776.00 using open-ended results and Birr 363,063 .60 based on single-bounded estimates per 

year, wh ich picks up to BilT 36 1,336.00 and 409,441.60 per annum after quality improvement in 

in'igation water is proposed for domestic uses. 
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5.2. Recommendations 

The policy recommendations delived from this study can be seen in broad and specific terms. 

The broad policy recommendations inc lude: 

.:. Since income and probabi lity of accepting the initial bid proposed for domestic uses of 

irrigation water are positively related, development policies should target to increase 

income per household . 

• :. Education increases awareness of individuals concerning natural resources in general 

and ilTigation water in particular as it is witnessed by the positive coefficient of 

education dummy on probability of responding to the first bid. Thus, educating rural 

dwellers should be emphasized. 

The speci fic policy recommendations are: 

.:. Water related institutional set up (parti cu larly WUAs) has signifi cant and positive effect 

on households' WTP for multiple uses of inigation water. Therefore, facilitating 

establi shment of WUAs and strengthening its capacity through decentralization enhances 

efficient and equitable uses of ilTigation water. It also plays a significant role in confli ct 

resolution as it right enforc ing mechanisms are relatively stronger and it teaches users of 

ilTigation water to develop their awareness on uses of this and other resources . 

• :. Since ilTigation systems in rural areas provide water for multiple purposes, In 

developing and implementing irri gation water projects its multiple uses should be taken 

in to account. This could ensure sustainabil ity and reduces conflicts among uses and 

users of in'igation water 

.:. Our empirical results show that farmers are wil ling to pay for multiple uses of ilTigation 

water. An interesting implication here is that introducing irrigation water pnclng 

(coupled with market) may be promising. 
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The methodological implication of this study in accordance with water related and other CVM 

studies is that the CVM is successfully applied to developing countries like Ethiopia. 

We recommend future research in the following areas: 

• Developing mechan isms to undertake decentrali zation of water institutions to the grass

root levels through WUAs that improve water allocati on efficiency and ensures equitable 

water di stribution among uses and users. And the impOltance of WUAs in confli ct 

resolution and implementing cost recovery in water re lated development projects. 

• The area of implementing irrigation water pricing without incuITing significant soci al 

and political costs. 

.-I. .,. . ~ 
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Annex 1: Estima tion Resnlts of the probit model- without im provement of irrigation water 

Dependent variable is discrete response (yes=lIno=O) to initial bid ( If ) 

Explanatory variables Coer. Robust Z-Value 
Std. Err. 

constant 1.5814 0.4086 3.87**'* 
Initial bid (in Birr) -0 .0298 0.0070 -4.26*** 
Natural logarithm of income 1.4286 0 .3892 3.67*** 
Distance from existing water source (in meters) 0.0011 0.0007 1.62 
Age of respondent (in year) 0.1537 0.0549 2.8*** 
Family size (in numbers) -0 .1675 0.0874 -1.92* 
Dummy for sex of household: I if sex is female, 0 otherwi se 

0 .2956 0.3335 0.89 
Dummy for site: I if site is Wan Gedem, 0 otherwise 

0 .8190 0 .3486 2 .35*** 
Dummy fo r education: I if education 2: grade four, 0 

otherwise 
0.6933 0 .2816 2.46*** 

Dummy fo r location: I if middle user, 0 otherwise 
0.1850 0 .3702 0 .5 

Dummy for location: I if lower user, 0 otherwi se. -
-1.0583 0 .4099 2 .58*** 

Dummy: I if is both river and spring, 0 otherwise 
1.5815 0 .4844 3 .26*** 

Age-squared of the respondent 
-0.0014 0 .0005 -2 .54*** 

Quantity of water used per day (in jerry can=20-25 litters) 
0.3541 0 .1489 2 .38** 

Dummy for land tenure: I if farmers anticipate reduction in 
farm plOI due to high famil y size, 0 otherwise 1.0858 0.3007 3.61 *** 
Dummy for land tenure: I if farmers antic ipate land 
distribution, 0 otherwise 0.4132 0.3939 1.05 
Dummy: I if irrigati on water is managed by wf, 0 otherwise 

-2 .0440 0.5487 -3.73*** 
Dummy: I if water is managed my community, 0 otherwise 

-3.1215 0.6336 -4.93*** 
Dummy: I if respondents choose water father, 0 otherwise 

-3.1093 0.6311 -4 .93*** 
Dummy: I if respondents choose community based water 

use rights, 0 otherwise. WUAs are our base group 
-0.8995 0 .3391 -2.65*** 

Dummy for water quality: I if water quality is sati sfactory, 0 

otherwise 
-0 .6769 0 .4590 -1 .47 

Dummy: I if water qua lity is bad, 0 otherwi se. 
-0 .5631 0 .2754 -2 .04** 

Dummy for users of irrigation water: I if farmers use for 

domesti c purposes only 
0.9816 0.3482 2.82*** 

Number of obs = 260 
Wald ch;2(22) (X') = 78.70 
Prob > chi2 (/) = 0.0000 
Log likelihood = ·73.585 
Pseudo R2 = 0.587 
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Annex 2: Estimation Resnlts of the probit model- with improvement of irrigation water 

Dependent variable is discrete response (yes=lIno=O) to initial bid (/f') 

Explanatory variables Coef. Robnst Z·Valne 
l';td. Err. 

constant 0.511 2 2.05** 
1.0408 

Initial bid (in Birr) -0.0161 0.0040 -4.05'" 
Natural logarithm of income 0.8731 0.3522 2.48*""" 
Total value of all li vestock owned by respondent 0.0001 0.0001 1.82' 
Distance from ex isting water source (in meters) 0.0001 0.0007 0.17 
Age of respondent (in year) 0.0390 0.0519 0.75 
Family size (in numbers) -0 .1267 0.0773 -1.64' 
Dummy for sex of household: I if sex is female, 0 otherwise 0.1277 0.2776 0.46 
Dummy for site: I if site is Wan Gedem, 0 otherwise 0.7250 0.3405 2.13" 
Dummy for educati on: I if education ::: grade fouf, 0 
otherwise 0.4702 0.2652 1.77' 
Dummy for location: I if middle user, 0 otherwise -0.1504 0.3223 -0.47 
Dummy for location: I if lower user, 0 otherwise. -0.6744 0.3611 -1.87' 
Dummy for water source: I if is both ri ver and spring, 0 
otherwise 0.5318 0.3648 1.46 
Age-sq uared of the respondent -0.0002 0.0005 -0.39 
Quantity of water used per day (in jerry can=20-25 litters) 0.4084 0.1420 2.88*** 
Dummy for land tenure: I if farmers anticipate reducti on in 
farm plot due to high family size, 0 otherwise 0.7262 0.2806 2.59*1<* 
Dummy for land tenure: I if farmers anticipate land 
di stribution, 0 otherwise -0.4008 0.3420 -1.17 
Dummy: I if irrigation water is managed by water father, 0 
otherwi se -0.8705 0.5890 -1.48 
Dummy: I if water is managed my community, 0 otherwise -2.8386 0.7236 -3.92*** 
Dummy: I if respondents choose water father, 0 otherwise -2 .5500 0.5950 -4.29*** 
Dummy: I if respondents choose community based water use 
rights, 0 otherwise. WUAs are ollr basegroup -0.1998 0.2863 -0.7 
Dummy for water quality: I if water quality is sati sfactory, 0 
otherwise 0.0861 0.3547 0.24 
Dummy: I if water~uality is bad, 0 otherwise. 0.6198 0.3309 1.87' 
Dummy for users of irrigation water: I if farmers use for 
domestic purposes only 0.7682 0.4389 1.75' 
Number of obs = 260 
Wald chi2(23))(X2

) = 86.53 
Prob > chi2 = 0.0000 
Log likelihood = -90.454 
Pseudo R 2 = 0.494 
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Annex 3 E t' t R It f : 'S Irna e esu so pro b' It rno diG d e : ar enmg u ses 0 f' t' t Irnga IOn wa er 

Dependent variable is discrete response (yes=lIno=O) to initial bid (/3') 

Explanatory variables Coef. Robust iZ-Value 
Std. Err. 

Constant 1.0075 3.1797 0.32 
Initial bid (in Birr) -0.0216 0.0038 5.35'" 
Natural logarithm of income 0.1217 0.3850 0.32 
Land holding 0.1441 0.2054 0.7 
Age of respondent (in year) 

0.0975 0.0457 2.13" 
Family size (in numbers) -0.1051 0.0710 -1.48 
Dummy for sex of household : 1 if sex is female, 0 otherwise 0.0128 0.2800 0.05 
Dummy for education: 1 if educati on > grade fOllr, 0 otherwi se 0.6007 0.2452 2.45'" 
Dummy for location: 1 if middle user. 0 otherwise 0.2004 0.3030 0.66 
Dummy fo r location: 1 if lower user, 0 otherwise. -0.4312 0.3254 -1.33 
Dummy for water source: 1 if is both ri ver and spring, 0 
otherwise 0.1665 0.2914 0.57 
Age-squared of the respondent -0.0009 0.0005 -1.98" 
Dummy for land tenure: 1 if farmers anticipate reduction in 
farm plot due to hi gh fami ly size, 0 otherwise 0.8331 0.2356 3.54'" 
Dummy for land tenure: 1 if farmers anticipate land 
di stribution, 0 otherwise -0.0323 0.2857 -0 .11 
Dummy: 1 if irrigation water is managed by water father, 0 
otherwise -0.6766 0.4730 -1.43 
Dummy: 1 if water is managed my community, 0 otherwise -

-1.4836 0.6068 2.45*** 
Dummy: 1 if respondents choose water father, 0 otherwise -1 .9572 0.5442 -3.6*** 
Dummy: 1 if respondents choose conununity based water use -
rights, 0 otherwise. WUAs are our base group_ -0.6624 0.2372 2.79*** 
Dummy: 1 if respondents are owners of ox, 0 otherwise 0.5056 0.2971 1.7' 
Dummy for users of irrigation water: 1 if fa rmers use for -

domesti c purposes onl y -1.0893 0.4067 2.68*** 
Number of obs = 260 
Wald chi 2(19) = 69.42 
Prob > chi2 = 0.0000 
Log likelihood = -110.391 
Pseudo R2 = 0.381 
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Ann ex 4 : OLS Estimation Results of Domestic uses of existing irrigation water 

Dependent va r iable is MWTP to open-ended questions 

Explanatory va ria bles Coer. Std. t-Value 
Err. 

Constant -59.684 36.043 -1.66' 
Initial bid (in Birr) 0.484 0.058 8,31 *** 

Natural logarithm of income 2.789 4.41 2 0.63 
Distance from existing water source (in meters) 0.002 0.008 0.23 
Age of respondent (in year) 1.662 0.657 2.53*** 
Family size (in numbers) -1 .402 0.885 -1 .58 
Dummy for sex of household: 1 if sex IS female, 0 
otherwise 3.479 3.567 0.98 
Dummy for site: I if site is Wan Gedem, 0 otherwise 21.330 3.608 5.91 '" 
Dummy for educati on: I if education ?: grade four, 0 
otherwise 7.530 3.114 2.42" 
Dummy for location: 1 if midd le user, 0 otherwise 1.136 4.1 86 0.27 
Dummy for location: 1 if lower user, 0 otherwise. -8.705 4.275 -2.04" 
Dummy for water source: 1 if is both river and spring, 0 
otherwise 11.258 4.593 2.45*** 
Age-squared of the respondent -0.016 0.007 -2.41 *** 

Quantity of water used per day (in jerry can=20-25 litters) 5.676 1.558 3.64'" 
Dummy: 1 if fa nners antic ipate reduction in farm plot due 
to high fa mily size, 0 otherwise 12.631 3.389 3.73*** 
Dummy: 1 if fa rmers anticipate land di stribution, 0 
otherwise -0.386 4.470 -0.09 
Dummy: I if irr igat ion water is managed by WF, 0 
otherwise -15.373 7.041 -2.18" 
Dummy: I if water is managed my communi ty, 0 otherwise -21.983 7.508 -2 .93*** 
Dummy: I if respondents choose water father, 0 otherwise -41.375 6.763 -6. 12*** 
Dummy: 1 if respondents choose community based water 
use rights, 0 otherwise. WUAs are our base group -6.926 3.41 3 -2.03" 
Dummy for water quali ty: 1 if water quality is satisfactory, 
o otherwise -5.771 3. 139 -1 .84' 
Dummy: I if water quality is bad, 0 otherwise. -11 .735 4.707 -2.49*** 
Dummy for users of irrigation water: I if farmers use for 
domestic purposes onl y ( multiple uses is base group) 11.223 4.091 2.74*** 

Number of obs - 260 
F( 22, 237) = 17.83 
Prob > F = 0.0000 

R-squared = 0.6234 
Adj R-squared = 0.5884 
Root MSE =19.517 
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Annex 5: OLS Estimation Results of Domestic uses of improved irrigation water 

Dependent variable is MWTP to open-ended questions 

Explanatory variables Coef- Std. Err. t-Value 
Constant -84.198 60.1269 -1.4 
Initial bid (in Birr) 0.4555 0.0532 8.56*** 
Natura l logarithm of income 5.2187 7.4088 0.7 
Total va lue of all li vestock owned by respondent 0.0003 0.0012 0.24 
Distance from existing water source (i n meters) 0.0015 0.0116 0.13 
Age of respondent (i n year) 1.6670 0.9590 1.74' 
Family size (in numbers) -1.9313 1.2909 -1 .5 
Dummy fo r sex of household: 1 if sex is female, 0 
otherwise 6.7438 5.1972 1.3 
Dummy for si te: 1 if site is Wan Gedem, 0 otherwi se 29.196 5.6416 5. 18*** 

Dummy for education: 1 if education 2: grade four, 0 
otherwise 9.4723 4.5450 2.08" 
Dummy for location: 1 if middle user, 0 otherwise 0.0042 6.1383 0 
Dummy for location: 1 if lower user, 0 otherwi se. -5.9373 6.2775 -0.95 
Dummy: 1 if is both ri ver and spring. 0 otherwise 3.4444 6.9062 0.5 
Age-squared of the respondent -0.0158 0.0097 -1 .63' 
Quantity of water used per day (in jerry can=20-25 litters) 7.4785 2.3298 3.2 1 *** 

Dummy: 1 if farmers anticipate reduction in far m plot due 
to high family size, 0 otherwise 20.276 4.9518 4.09*** 
Dummy: 1 if farmers anticipate land di stribution , 0 
otherwise 0.3958 6.5234 0.06 
Dummy: 1 if irrigation water is managed by WF, 0 
otherwise -9.0148 10.1925 -0.88 
Dummy: 1 if water is managed my community, 0 otherwi se -25.811 10.9473 -2.36*** 
Dummy: 1 if respondents choose water father, 0 otherwise -56.629 9.7849 -5.79*** 
Dummy: 1 if respondents choose community based water 
use rights, 0 otherwise. WUAs are our base group -5.7287 5.0815 -1.13 
Dummy for water quality: 1 if water quality is sati sfactory, 
o otherwi se 1.5608 6.9649 0.22 
Dummy: 1 if water qua lity is bad, 0 otherwise. 3.5069 5.3272 0.66 
Dummy: 1 if farmers use for domestic purposes on ly ( users 
for both irrigation and domestic ac ti vities are reference 
group) 7.9828 6.0509 1.32 

Number of obs = 260 
F( 23, 236) = 15.21 
Prob >F = 0.0000 
R-squared = 0.5971 
Adj R-squared = 0.5579 
Root MSE = 28 .449 
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Annex 6: OLS Estimation Results of gardening uses of existing irrigation water 

Dependent variable is discrete response (yes=lIno=O) to initial bid UJ') 

Explanatory variables Coef. Std. Err. t-Value 
Constant -37.821 55.039 -0.69 
Initial bid (i n Birr) 0.504 0.056 9.03*** 
Natural logarithm of income 6.525 6.832 0.96 
Land holding 1.483 4.352 0.34 
Age of respondent (in year) 1.793 0.905 1.98" 
Family size (in numbers) -1 .307 1.184 -1.1 
Dummy for sex of household: 1 if sex is female, 0 otherwise 0.812 5.049 0.16 
Dummy for education: 1 if education ~ grade four, 0 
otherwise 8.259 4.296 1.92' 
Dummy for location: 1 if middle user, 0 otherwise 3.903 5.868 0.67 
Dummy for location: 1 if lower user, 0 otherwise. -2.694 5.981 -0.45 
Dummy for water source: 1 if is both river and spring, 0 
otherwise 6.333 5.732 1 .1 
Age-squared of the respondent -0.017 0.009 -1 .9' 
Dummy for land tenure: 1 if fanners anticipate reduct ion in 
farm plot due to hi gh fami ly size. 0 otherwise 19.427 4.523 4.3**'" 
Dummy for land tenure: 1 if farmers anticipate land 
di stributi on, 0 otherwise 1.868 6.141 0.3 
Dummy: 1 if irrigati on water is managed by water father, 0 
otherwise -26.590 8.782 ·3.03**· 
Dummy: 1 if water IS managed my communi ty (open 
access). 0 otherwise -37.194 10.070 -3 .69*** 
Dummy: 1 if respondents choose water father. 0 otherwise -50.641 9.222 -5.49*"'* 
Dummy: 1 if respondents choose community based water 
use rights. 0 otherwise. WUAs are our base group -16.587 4.445 -3.73* ..... 
Dummy: 1 if respondents are owners of ox. 0 otherwi se 0.412 5.502 0.07 
Dummy for users of irrigat ion water: I if farmers use for 
domestic purposes only -20.333 5.496 _3.1''''' 

Number of obs = 260 
F( 19, 240) = 12.65 
Prob >F = 0.0000 
R-squared = 0.5004 
Adj R-squared = 0.4608 
RootMSE = 27.373 
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Annex 7: Pair-wise Correlation for Non-crop uses of irrigation wateroTo 

il ibidy lexp di s age fsiz fern edul loe2 loe3 sour2 agesq Iqaun ten? ten3 adm3 adm4 ehr3 ehr5 Iqaul2 Iqau13 

il 1.00 
ibidy -0.24 1.00 
lexp 0.40 0.02 1.00 
di s -0.01 -0.01 0.15 1.00 
age 0.1 7 -0. 12 0.26 0.07 1.00 
fsiz 0.05 0.08 0.44 -0.03 0.11 1.00 
fem -0.05 0.00 -0.23 -0.03 0.00 -0.33 1.00 
edul 0.06 0.04 0.01 0.09 -0.35 -0.07 -0.21 1.00 
loe2 0.16 0.11 0.08 -O.O? -0.08 -0.11 0.02 -0.03 1.00 
loe3 0.05 0.05 0.11 -0.01 -0.03 -0.04 0.01 -0.09 -0.17 1.00 
sour2 0.42 0.00 0.21 -0.07 -0.04 -0.09 0.01 -0.11 0.38 0.39 1.00 
aoesq 0.14 -0.12 0.21 0.09 0.99 0.03 0.00 -0.3 1 -009 -0.05 -0.05 1.00 
Iqaun 0.4? 0.04 0.41 -0.20 0.1 3 0.42 -0.18 0.03 0.09 0.09 0.34 0.08 1.00 
ten2 0.45 0.02 0.43 0.06 0.23 0.1 8 -0.10 -0.07 0.08 0.1 7 0.33 0.19 0.27 1.00 
ten3 -0.16 0.00 -0.31 -0.13 -0.09 -0.12 O. IC 0.02 -0.12 -0.04 -0.10 -0.07 -0.12 -0.44 1.00 
adm3 0.32 -0.03 0.28 -0.07 0.03 0.05 -0.14 -0.06 0.26 0.21 0.65 0.01 0.22 0.22 -0.19 1.00 
adm4 -0.13 0.07 -0.02 0.32 -0.06 -0.21 0.14 0.07 -0.06 0.06 -0.08 -0.04 -0.20 0.06 0.00 -0.41 1.00 
ehr3 -0.34 -0.01 -0.30 -0.14 0.02 0.06 0.07 0.00 -0.21 -0.23 -0.58 0.03 -0.13 -0.25 0.1 8 -0.72 -0. 16 1.00 
ehr5 -0.04 0.08 0.11 0.29 -0.01 -0.10 0.08 0.06 0.13 0.01 0.10 0.00 -0.08 0.00 -0.08 0.11 0.33 -0.49 1.00 

Iqaul2 0.08 -0.05 0.11 -O.? I 0.05 0.11 -0.11 -0.01 0.11 0.02 0.20 0.04 0.28 -0.05 -0.13 0.37 -0.26 -0.16 -0.01 1.00 
qaul3 -0.12 0.03 -0.05 0.11 -0.05 -0.06 -0.05 -0.03 0.02 -0.01 -0.04 -0.05 -0.11 -0.09 0.05 0.01 0.08 -0.12 0.07 -0.36 1.00 

oTo Description of each variable is given in table 4 .1 
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Annex 8: Part-V: Willingness to pay Survey Questions 

Background Information 

Water from ilTigation systems in your vi ll age is used not only for crop production but also for 

non-crop production purposes such as domestic uses (drinking, cooking, washing and hygiene), 

livestock wateling, gardening and fishing. T hese and other non-agricultural uses of ill'igation 

water are very essential for your household in terms of generating income, improving nutritional 

status and health of members of your family. 

Suppose water from irrigation sources for non-agricultural uses is avai lable to you without any 

change in quality, quantity and reliability under existing institutional setup. That is, the cun'ent 

status in water supply from irrigation systems for non-crop uses continues to prevail. Suppose 

also that the government or water fathers or WUAs or any other concerned body introduces 

"water user fees/charges" on water users from ill'igation sources based on the amount of 

inigation water consumed per six months. Also note that money that is paid for non-crop uses of 

irrigation water is not avai lab le for other purposes. Given this information: 

A. Respondent's WTP for Domestic Uses of irrigation water from ............. scheme 

I. Are you willing to pay ...... Bin' per jelTy can of ilTigation water for domestic uses? 

2. If YES to Q.l, what about ........ Bin' per jerry can? 

Yes No 

1 0 

Yes No 

o 
Yes No 

3. If NO to Q.l, what about. ....... Bill' per jelTY can? 0 

4. What is the largest amount of money you are wil ling to pay per jelTY can for domestic uses 

from this scheme? .......... .. ...... .......... (B i IT) 

5. If respondent's maximum WTP (Q. 4 above) for domestic uses of inigation water is zero, ask 

reasons for not paying like: 

i) Has no income to pay (i.e., cannot afford). 
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ii) Irrigation water for domestic purposes should be free . 

iii ) Others, please specify ........ . .............. . ......... ... . . .. 

6. If respondent 's max imum WTP given in Q. 4 is less than the amount s/he agreed to pay under 

either Q. 1, Q. 2 or Q. 3, then ask 

You agreed to pay Bin ..... but when I ask you the maximum amount you are will ing to pay you 

gave lower amount than what you agreed. Why? 

B. Respondent's WTP for irrigation water for gardening from ... . ...... ..... . .. . .. ... . scheme 

1. Are you willing to pay .... .. Birr per 0.25 hectare per hour for cash 

crops? 

2. If YES to Q.l, what about. ....... BiIT per 0.25 hectare per hour for cash 

crops? 

3. If NO to Q.l, what about. .. .. ... Bin per 0.25 hectare per hour for cash 

crops? 

Yes 

Yes 

Yes 

No 

o 

No 

o 

No 

o 

4. The largest amount of money you are willing to pay per 0.25 hectare per hour uses is 

......... Bin from thi s scheme. 

5. If respondent' s maximum WTP (Q. 4 above) gardening from inigation water is zero, ask 

reasons for not paying like: 

i) Has no income to pay (i.e., can not afford). 

ii ) Irrigation water for li vestock should be free. 

iii) Others, please speci fy ........................................ . 

6. If respondent' s maxi mum WTP given in Q. 4 is less than the amount s/he agreed to pay under 

either Q. 1, Q.2 or Q.3, then ask 

You agreed to pay BiIT .. ... but when I ask you the maximum amount you are willing to 

pay you gave lower amount than what you agreed. Why? 

96 



C. Irrigation Water Improvement for Domestic Uses from .... . .. .................... scheme 

1. Do you think that improvement is required in terms of quality, quantity, and reliability of 

water suppl y from irrigation sources for domestic uses? Yes No 

o 

2. If YES to Q.l, what kind of improvement do you propose? .............. ............. .. ............ .. 

Now, suppose the government or NGOs or private individuals or local community have exerted 

efforts to improve water suppl y from ilTi gation sources so that you could get better quality 

water, which is safe for health of your famil y. Moreover, water supp ly is conveni ent, reliable 

and enough for domestic lIses , li vestock and gardening throughout the year at al l time in your 

village. The improvements include deve loping splings with cement and connect pipes to the 

deve loped springs and diverting rivers and suppl y pure water through the same mechani sms as 

described above. Given thi s improved water suppl y: 

1. Are you willing to pay . .. . .. Bin per jeny to get improved water for domestic lIses? 

2. If YES to Q.l, what about. ....... Bin per jen'y can? 

3. If NO to Q.l, what about .. ...... Bin per jen'y can? 

Yes No 

Yes 

Yes 

o 

No 

o 
No 

o 

4. What is the largest amount o f money you are willing to pay per jelTY can for improved water 

suppl y for domestic uses? ............ .... (Bin) 

5. If the maximum WTP of the respondent is less than what he/she agreed to pay under Q. 1, Q. 

2 or Q. 3, ask the reasons for such 

inconsistency ... ...... . .. ... ... .... .. .................................. . 

6. If respondent's max imum WTP (Q. 4 above) for such improved water for domesti c uses is 

zero, as k for reasons not to pay like: 

a) Has no income to pay (i.e., can not afford) . 

b) The government should pay 

c) Non-governmental Organi zations (NGOs) should pay 

d) Others, please specify ................................. ...... .. 
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