
BUKTI KORESPONDENSI 

ARTIKEL JURNAL INTERNASIONAL BEREPUTASI 

 

Judul artikel : The achievement of water management objectives based on willingness 

            to pay for a water service fee in tidal lowlands 

Jurnal  : Aquatic Ecosystem Health and Management 

Penulis  : Muhammad Yazid, Mad Nasir Shamsudin, Khalid Abdul Rahim, Alias  

            Radam, Azizi Muda 

 

No. Perihal Tanggal 

1 Bukti submit artikel  Februari 2011 

2 Bukti Review 1: Referee 1 dan Referee 2 29 September 2011 

3 Bukti Respons terhadap Review 1 (Referee 1) dan 

Review 1 (Referee 2)  

16 Mei 2012 dan 26 Juni 

2012 

4 Bukti Review 2 13 Juni 2012 

5 Bukti Respons terhadap Review 2 Juni 2012 

6 Artikel hasil revisi Januari 2013 

7 Bukti artikel published online 21 Maret 2013 

 

 



 
 
 
 
 
 

BUKTI SUBMIT ARTIKEL 

(Februari 2011) 



Water Management Achievement in Tidal Lowlands  
 

Muhammad Yazid1*, Mad Nasir Shamsudin2,  Khalid Abdul Rahim3, 
Alias Radam3, Azizi Muda4 

 
1Faculty of Agriculture, Sriwijaya University, Indralaya, South Sumatra, Indonesia. 

 Email: yazid_ppmal@yahoo.com 
2Faculty of Environmental Studies, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 

3Faculty of Economics and Management, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 
4Universiti Pendidikan Sultan Idris, Tanjong Malim, Perak, Malaysia 

 

 
Abstract 

 
Tidal lowland is located mainly along the lower reach of a river down to the coastal area.  It 
bears many functions including conservation of abundant biodiversity and uniqueness of 
landscape, protection of surrounding coastal and marine areas, development of resource 
based activities such as agriculture, fishery, ecotourism and more.  Tidal lowland 
development varies with regard to these various functions. 
 
Water management is a key concept in tidal lowland development, particularly for agriculture 
development.  Its objective includes improving water distribution, recovering cost, and 
achieving efficient water allocation.  Which objective to be achieved relies partly on water 
users’ willingness to bear the cost required to achieve the objective. This study examines the 
achievement of water management objective based on water users’ willingness to pay for 
water service. 
 
The results indicate that only improvement of water distribution objective can be achieved 
with current willingness to pay for water service fee.  This willingness to pay is significantly 
affected solely by the income of water users.  Therefore, efforts to increase willingness to 
pay for water service fee to achieve higher water management objective should be directed 
towards the increase of income of water users. 
 
Keywords: water service fee, willingness to pay 
 
Introduction 
 

Among various objectives of water management, the objectives of improving water 
distribution, recovering cost, and achieving efficient water allocation are likely to be put into 
priorities in tidal lowlands.  Not only these objectives support the sustainable use of lowland 
resources, but also provide proper treatments to surrounding coastal areas.  To achieve 
these objectives, fee that covers the cost of water management is required, besides 
functional water structures and established water management guidelines (Schultz, 2007; 
LWMTL, 2006).  Since this fee is used to carry out operation and maintenance of the 
system, this fee is considered as water service fee (WSF). 
 
Water service fee has been estimated in various different cost concepts using various 
different methods (Gonzalez-Alvarez et al., 2006; Bar-Shira et al., 2006; Esteban et al., 
2008; Molle et al., 2008).  The cost of water depends on a number of hydrological, 
environmental, and agricultural social and economic variables.  The cost of water is 
determined by the amount of water received, the number of structures serving an area, 
installation costs, and the present of water rights (Tarimo et al., 1998).  Cornish et al. (2004) 
noted that water charge may vary according to the water sources, degree of water scarcity, 
irrigation scheme and technology, and farm types.  Other factors are also indicated which 
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include supply costs, opportunity costs, social and environmental costs (Global Water 
Partnership, 2000). 
   
Based on the above discussion, the basis for estimating the cost of water (WSF) in this study 
was established to include different cost components that may be factored into a calculation 
of the costs of water management.  These cost components include operation and 
maintenance (OM) costs, capital depreciation and replacement, opportunity costs, and 
environmental costs.  Accordingly, three types of water cost are set to include supply cost 
(OM costs and capital depreciation and replacement), economic cost (supply and 
opportunity costs), and the full cost (economic cost taking into account environmental 
externalities associated with the use of water) as depicted in Figure 1. 
 

 

Figure 1.  Three types of cost in water charging (adapted from GWP, 2000) 

 
 
Different costs incurred reflect different water management objectives.  Water distribution 
improvement objective requires only operation and maintenance (OM) costs.  Cost recovery 
objective considers OM costs including or excluding capital depreciation and replacement 
costs.  Whilst efficient water distribution objective requires even higher costs in order to 
cover opportunity and external costs as depicted in Figure 2.  This study examines the 
achievement of water management objective based on water users’ willingness to pay for 
the cost of water service. 
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Figure 2.  Framework for assessing achievement of water management objectives 
 
 
Methodology 
 

Due to the absence of direct measures of water management achievement at the field level, 
it was indirectly assessed using WSF for which water users were actually willing to pay.  
Actual WTP reflects water users’ current ability to pay for WSF.  Therefore, it represents the 
actual achievement of water management objective.  Water users’ actual WTP for WSF has 
three consequences on water management achievement as the following: 

1. If actual WTP for WSF is less than or equals to OM costs, only water distribution 
objective is expected to achieve. 

2. If actual WTP for WSF also covers depreciation and replacement costs and WUA 
management cost in addition to OM costs, then the cost recovery objective is 
expected to achieve. 

3. If actual WTP for WSF covers all the costs, the efficient water distribution is expected 
to achieve. 

 

The WSF for which water users were actually willing to pay was affected by farmers’ socio-
demographic characteristics such as age, education, family size, length of settlement, socio-
economic index, land area owned, and income.  The effect of these variables on the actual 
WSF was modeled in the following equation: 

 

 QfW ii                             (1) 

where Qi represent some socio-demographic characteristics  

 
Assuming regression was a sufficient tool to predict the actual WSF, the above model was 
specified as the following: 
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where  Wi = actual WSF farmers were willing to pay 
AGE = age of farmer 
EDU = farmer’s education attainment 
FAM = family size 
SET = years of settlement in the area 
SEI = index of some socio-economic factors 
ARE = farmland area owned 
INC = income from cultivation 

 
The above regression equation was predicted using ordinary least square method to yield 
with the predicted actual WSF based on its affecting factors (Norusis, 2006).  Subsequent to 
predicting this equation, some statistics were employed to examine the goodness-of-fit of the 
overall model and the significance of each of the affecting factors.  In addition, 
interpretations on the significant factors were made in term of direction and magnitude of 
their effects on the actual WSF the farmers were willing to pay (Hair, et al., 2008). 
 
This study was designed as a survey, conducted in the deltaic area of Telang, South 
Sumatra, Indonesia.  Telang, a reclaimed tidal lowland area for agriculture, is located in the 
lower reaches of Musi River.  Research sample of 500 farm water users were drawn using 
random sampling from some 10,000 farm water users.  Data were collected through field 
observation, focus group discussion and structured interview.  
 
Results and Discussion 
 

Willingness to pay for water service fee (WSF) may reflect the achievement of water 
management objectives (WMO).  WSF has been assessed through focus group discussion 
with members of water users association (WUA).  Three estimates of WSF were derived 
from the cost of water management and water management objectives achievement 
associated with each of these WSF estimates were referred (Table 1).   
 

Table 1. Costs of water management, WSF estimates and WMO achievement 
 

Cost Components 
Cost per unit 

(Rp)1 
Total Cost 

(Rp per 256 ha)2 
WSF 

(Rp/ha/year) 
WMO 

Achievement 

Operation and 
maintenance cost 

1,600,000 
(per 16 ha) 

80,580,000 WSF1 = 315,000 Water 
Distribution 
Improvement Capital depreciation and 

replacement cost 
3,180,000 
(per 16 ha) 

Management cost 4,100,000 
(per 256 ha) 

Opportunity cost 31,500 (per ha) 88,644,000 WSF2 = 346,500 Cost Recovery 
External cost 45,000 (per ha) 100,164,000 WSF3 = 391,500 

 
Efficient Water 
Allocation 

1Unit varies according to the block wherein the cost was applied (secondary block=256 ha; tertiary 
block=16 ha; farmland=1 ha). 
2Equals to one water management unit or area of a water users association.  

 
 
Based on WSF estimates, water distribution improvement can be achieved if actual WTP for 
WSF is less than Rp 315,000 per hectare per year, cost recovery can be achieved if actual 
WTP for WSF is Rp 315,000 up to Rp 350,000 per hectare per year, and efficient water 
allocation can be achieved if actual WTP for WSF is Rp 350,000 or higher.  Actual WTP for 
WSF is respondents’ reported amount of WSF they were willing to pay, obtained from the 
interview with individual respondent. Actual WTP for WSF indicates current status of 



operation and maintenance of the system.  Therefore, it can be utilized in the evaluation of 
achievement of water management objectives. 
 
In order to measure the achievement of water management objectives based on the amount 
of actual WSF respondents willing to pay, univariate and multivariate analyses were 
conducted.  Amount of actual WTP for WSF are directly affected by several socio-
demographic variables such as age, education, family size, years of settlement, household’s 
socio-economic progress (an index variable), land area owned, and income.  Descriptive 
univariate statistics of these variables are presented in Table 2.  The mean actual WTP for 
WSF is considerably low compared to the cost of operation and maintenance.  Based on the 
figures presented in Table 1, water management objective that can be achieved with the 
mean actual WTP for WSF as presented in Table 2 (Rp 102,530) is limited to the 
improvement of water distribution. 
 

Table 2.  Descriptive univariate statistic of variables affecting the actual WTP for WSF 
 

Variables Mean 
Standard 
Deviation 

Minimum Maximum 

Actual WSF 102,530 98,594 5,000 500,000 
Age (years) 46.78 12.23 22 90 
Education (years of schooling) 6.61 2.10 0 14 
Family size 3.2 1.06 1 8 
Years of settlement 25.73 5.59 5 45 
Socio-economic index 17.26 1.82 10 20 
Land area owned 1.84 0.99 0.25 12 
Income (Rupiah) 12,452,131 7,477,686 1,810,000 105,600,000 

 
The result of regression analysis on the actual WTP for WSF is presented in Table 3.  Out of 
7 independent variables assumed to affect the actual WSF, income is the only variable that 
has statistically significant effect on the actual WSF.  The coefficient of income indicates that 
every Rp 1,000 increase in income will increase the actual WSF by Rp 6. 
  

Table 3.  Results of Regression on the Actual WTP for WSF 
 

Variables 
Un-standardized Coefficients 

t Sig. 
B Standard Error 

(Constant) 96,896.71 56,026.82 1.729 0.084     
Age (years) -41.177 436.05 -0.094 0.925 
Education -636.34 2,314.61 -0.275 0.783 
Family size 2,763.15 4,326.24 0.639 0.523 
Years of settlement -321.96 833.61 -0.386 0.699 
Socio-economic index -2004.51 2410.31 -0.832 0.406 

Land area owned -13,732.52 8,732.07 -1.573 0.116 
Income (Rupiah) 0.006 0.001 4.895 0.000*** 

F-test = 8.116; Sig. of F-test = 0.000 
 
Achievement of higher water management objectives (cost recovery and efficient water 
allocation) is a necessity in order to support sustainable water management in tidal lowlands.  
Considering WSF as one of the required components in achieving objectives higher than 
currently achieved objective (water distribution improvement), the effort to increase farmers’ 
income that affects their willingness to pay for WSF should be facilitated.  
 
Conclusion 
 



It can be concluded from the study that: 
 

1. Three objectives of water management are recognized in tidal lowland agriculture, 
namely improvement of water distribution, cost recovery, and efficient water 
allocation. 

 
2. With the value of actual WTP for WSF, the achievement of water management 

objective is limited to the improvement of water distribution.  Neither cost recovery 
nor efficient water allocation can be realized with this actual WTP for WSF. 
 

3. Among socio-demographic variables assumed to affect the actual WTP for WSF, 
only income significantly affects it. 
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Abstract 

 
The objective of the study was to estimate the willingness to pay for water service fee (WSF) in order to 

assess the expected achievement of water management objectives in tidal lowlands.  A survey was 

conducted in Telang, a tidal lowland area at the Eastern coast of Sumatra, involving 500 water users 
randomly drawn from approximately 60,000 people living in the delta.  Each respondent was interviewed 

to obtain information regarding socio economic status and the willingness to pay for WSF.  The data were 

analyzed using a multiple regresion to obtain the estimate of WSF and its affecting factors.  The results 
indicated that the mean WSF was US$11.40.  With this WSF, only the improvement of water distribution 

objective can expectedly be achieved.  The willingness to pay for WSF was significantly affected solely 

by the income of water users.  Therefore, efforts to increase willingness to pay for WSF to achieve cost 

recovery and efficient water allocation should be directed towards the increase of income of water users. 
 

Keywords: water service fee, willingness to pay 

 
Introduction 

 

Among various objectives of water management, the objectives of improving water distribution, 
recovering cost, and achieving efficient water allocation are likely to be put into priorities in tidal 

lowlands.  Not only these objectives support the sustainable use of lowland resources, but also provide 

proper treatments to surrounding coastal areas.  To achieve these objectives, fee that covers the cost of 

water management is required, besides functional water structures and established water management 
guidelines (Schultz, 2007; LWMTL, 2006).  Since this fee is used to carry out operation and maintenance 

of the system, this fee is considered as water service fee (WSF). 

 
Water service fee has been estimated in various different cost concepts using various different methods 

(Gonzalez-Alvarez et al., 2006; Bar-Shira et al., 2006; Esteban et al., 2008; Molle et al., 2008).  The cost 

of water depends on a number of hydrological, environmental, and agricultural social and economic 

variables.  The cost of water is determined by the amount of water received, the number of structures 
serving an area, installation costs, and the presence? of water rights (Tarimo et al., 1998).  Cornish et al. 

(2004) noted that water charge may vary according to the water sources, degree of water scarcity, 

irrigation scheme and technology, and farm types.  Other factors are also indicated which include supply 
costs, opportunity costs, social and environmental costs (Global Water Partnership, 2000). 

   

Based on the above discussion, the basis for estimating the cost of water (WSF) in this study was 
established to include different cost components that may be factored into a calculation of the cost of 

water management.  These cost components include operation and maintenance (OM), capital 

mailto:yazid_ppmal@yahoo.com
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depreciation and replacement, opportunity and environmental costs.  Accordingly, three types of water 
cost are set to include supply cost (OM costs, and capital depreciation and replacement), economic cost 

(supply and opportunity costs), and the full cost (economic cost taking into account environmental 

externalities associated with the use of water) as depicted in Figure 1. 

 
[Figure 1] 

Different costs incurred reflect different water management objectives.  Water distribution improvement 
objective requires only operation and maintenance (OM) costs.  Cost recovery objective considers OM 

costs including capital depreciation and replacement costs.  Whilst efficient water distribution objective 

requires even higher costs in order to cover opportunity and external costs as depicted in Figure 2.  This 
study examines the achievement of water management objective based on water users’ willingness to pay 

for the cost of water service. 

 

[Figure 2] 
 

Methodology 

 
This study was designed as a survey, conducted in the deltaic area of Telang, South Sumatra, Indonesia.  

Telang, a reclaimed tidal lowland area for agriculture, is located in the lower reaches of Musi River.  

Research sample of 500 farm water users were drawn using random sampling from some 10,000 farm 
water users.  Data were collected through field observation, focus group discussion (FGD) and structured 

interview.  Field observation was conducted in order to confirm the area under one tertiary block and the 

required construction, operation and maintenance activities within each tertiary block.  All these required 

activities were brought in the FGD along with the management activities and economic and 
environmental issues to be considered in estimating the costs of water management.  The estimated costs 

were then presented to the respondents in the personal interview sessions as estimates of water service fee 

(WSF) in order to elicit their willingness to pay. 
 

Willingness to pay for WSF reflects water users’ current ability to pay for operation and maintenance of 

irrigation system.  Therefore, it represents the expected achievement of water management objectives.  

Water users’ actual WTP for WSF has three consequences on water management achievement as the 
following: 

1. If actual WTP for WSF is less than or equals to OM costs, only water distribution objective is 

expected to achieve. 
2. If actual WTP for WSF also covers depreciation and replacement costs and WUA management 

cost in addition to OM costs, then the cost recovery objective is expected to achieve. 

3. If actual WTP for WSF covers all the costs, the efficient water allocation is expected to achieve. 

 

The WSF for which water users are willing to pay is affected by farmers’ socio-demographic 

characteristics such as age, education, and family size (Fakayode et al., 2010; El Chami, et al., 2009; 

Chandrasekaran et al., 2009; Amponin et al., 2006).  It is also influenced by the land area owned 

(Chandrasekaran et al., 2009; Laoubi and Yamao, 2008), length of settlement, socio-economic index, 

and income (Fakayode et al., 2010; Amponin et al., 2006).  The effect of these variables on the actual 
WSF is modeled in the following equation: 

 

 QfW ii                                     (1) 

where Qi represent some socio-demographic characteristics  
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Assuming multiple regression is sufficient to predict the actual WSF, the above model is specified as the 
following: 

 

ARESEISETFAMEDUAGEW i  6543210
  iINC 

7
        (2) 

 
where  Wi = actual WSF farmers were willing to pay (in US$) 

AGE = age of farmer (year) 

EDU = farmer’s education attainment (years of schooling) 
FAM = family size 

SET = years of settlement in the area 

SEI = index of some socio-economic factors 

ARE = farmland area owned (ha) 
INC = income from cultivation (US$) 

 

The above regression equation was predicted using ordinary least square method to yield with the 
predicted actual WSF based on its affecting factors (Norusis, 2006).  Subsequent to predicting this 

equation, some statistics were employed to examine the goodness-of-fit of the overall model and the 

significance of each of the affecting factors.  In addition, interpretations on the significant factors were 

made in term of direction and magnitude of their effects on the actual WSF the farmers were willing to 
pay (Hair, et al., 2008). 

 

 
Results and Discussion 

 

Willingness to pay for water service fee (WSF) may reflect the achievement of water management 
objectives (WMO).  While WSF was assessed through focus group discussion (FGD) with members of 

water users association (WUA) based on the cost of water management within a tertiary block, 

willingness to pay for WSF was estimated based on the results of interview following the FGD.  Three 

estimates of WSF were obtained from the cost of water management and water management objectives 
achievement were derived from corresponding WSF estimates (Table 1).   

 

[Table 1] 
 

Operation and maintenance cost included salary of gate keeper and maintenance cost of tertiary gates and 

canal which consists of grass cutting and cleaning of canal banks, sediment removal, and incidental gate 
repair.  Depreciation and replacement costs were investment made in the installation of 2 tertiary gates 

and 2 culverts for each tertiary block and construction cost of the gates and culverts.  Management cost 

was the expenditure made to carry out the organizational functions of WUA which include the salary of 

officials, administration cost, and expenditure for meeting and coordination.  Similar cost components 
have been used in other studies, but calculation of costs were based more on technical and engineering 

approaches (LWMTL, 2006).  The total cost was similar to that estimated by the LWMTL when 

opportunity and external costs were not considered.  In addition, the area-based cost calculation (Cornish, 
et al., 2004) was found to be the most appropriate in tidal lowlands since neither volumetric nor crop-

based were technically applicable. 

 

The sum of the first two cost components presented in Table 1 was used to estimate WSF1.  Opportunity 
cost was the cost of using resources in production (Thomas and Maurice, 2008).  In this case, opportunity 

cost was the cost of using money for the payment of WSF1 and the amount was assumed to be the annual 

interest rate of WSF1.  The sum of WSF1 and the opportunity cost was the WSF2.  WSF3 was the sum of 
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WSF2 and the external cost of contaminated canal water due to the operation and maintenance of water 
infrastructures.  

 

Based on the WSF estimates, water distribution improvement can be achieved if actual WTP for WSF is 

less than US$ 35/ha/yr, cost recovery can be achieved if actual WTP for WSF is US$ 35 up to US$ 
38.50/ha/yr, and efficient water allocation can be achieved if actual WTP for WSF is US$ 38.50 or 

higher.  Actual WTP for WSF was respondents’ reported amount of WSF they were willing to pay, 

obtained from the interview with individual respondent. Actual WTP for WSF indicated current status of 
operation and maintenance of the system.  Therefore, it was utilized in the evaluation of achievement of 

water management objectives. 

 
In order to measure the achievement of water management objectives based on the amount of actual WSF 

respondents willing to pay, univariate and multivariate analyses were conducted.  Amount of actual WTP 

for WSF were directly affected by several socio-demographic variables such as age, education, family 

size, years of settlement, household’s socio-economic progress (an index variable), land area owned, and 
income.  Descriptive univariate statistics of these variables were presented in Table 2.  The mean actual 

WTP for WSF was considerably low compared to the cost of operation and maintenance.  Based on the 

figures presented in Table 1, water management objective that can be achieved with the mean actual WTP 
for WSF as presented in Table 2 (US$ 11.40) was limited to the improvement of water distribution. 

 

[Table 2] 
 

The result of regression analysis on the actual WTP for WSF is presented in Table 3.  Out of 7 

independent variables assumed to affect the actual WSF, income was the only variable that has 

statistically significant effect on the actual WSF.  The coefficient of income indicated that every dollar 
increase in income would increase the actual WSF by US$ 0.006.  In addition, the effect of land area 

owned needed to be considered since its effect was close to the significant level and its coefficient was 

negative.  Its negative coefficient implied that every ha increase in land area owned would decrease the 
actual WTP for WSF by US$ 1.53. 

  

[Table 3] 

 
Achievement of higher water management objectives is a necessity in order to support sustainable water 

management in tidal lowlands.  Considering WSF as one of the required components in achieving higher 

water management objectives (cost recovery and efficient water allocation) than currently achieved 
objective (water distribution improvement), the effort to increase farmers’ income that affects their 

willingness to pay for WSF should be facilitated.  The effort to increase farm income can be directed 

towards improvement in farming practices through optimum use of labor, chemicals, and fertilizers.  
Through these practices not only WSF payment can be increased, but also sustainable use of chemicals 

and fertilizers can be realized.  In addition, accumulation of land ownership should be avoided since it 

would negatively affect the WSF payment.  Finally, as proved by Hofwegen (2003) sufficient WSF may 

facilitate strengtheing the role of water users in agricultural water management, thus enhancing a cyclical 
process that lead to agricultural development in tidal lowlands.  

 

Conclusion 

 

It can be concluded from the study that: 

 
1. Three objectives of water management were recognized in tidal lowland agriculture, namely 

improvement of water distribution, cost recovery, and efficient water allocation.  The 

achievement of these three objectives should be gradually planned with regard to the ability of 
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water users to pay for water service fee (WSF) and shared responsibility in water management 
among policy makers, managers and water users. 

 

2. With the value of actual WTP for WSF, the achievement of water management objective was 

limited to the improvement of water distribution.  Neither cost recovery nor efficient water 
allocation could be realized with this actual WTP for WSF.  In this situation, government support 

is expected to maintain current capacity of operation and maintenance of water infrastructures. 

 
3. Among socio-demographic variables assumed to affect actual WTP for WSF, only income 

significantly affected it.  Therefore, efforts towards improving farming practices that may 

immediately lead to increasing farm income should be directed. 
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Figure 1.  Three types of cost in water charging (adapted from GWP, 2000). OM is operation and 

maintenance 
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Figure 2.  Framework for assessing the achievement of water management objectives 
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Table 1. Costs of water management, WSF estimates and WMO achievement 
 

Cost Components 
Cost per unit 

(US$)a 
Total Cost 

(US$ per 256 ha)b 
WSF 

(US$/ha/year) 
Expected WMO 

Achievement 

Operation and 
maintenance cost 

206.25 (per 16 ha) 8,953.33 WSF1 = 35.00 Water 
Distribution 

Improvement Capital depreciation 

and replacement cost 

353.33 (per 16 ha) 

Opportunity cost 3.50 (per ha) 9,849.33 WSF2 = 38.50 Cost Recovery 

External cost 5.00 (per ha) 11,129.33 WSF3 = 43.50 

 

Efficient Water 

Allocation 
aUnit varies according to the block wherein the cost was applied (secondary block=256 ha; tertiary 
block=16 ha; farmland=1 ha). 
bEquals to one water management unit or area of a water users association.  
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Table 2.  Descriptive univariate statistic of variables affecting the actual WTP for WSF 
 

Variables Mean 
Standard 

Deviation 
Minimum Maximum 

Actual WSF (US$) 11.40 10.95 0.56 55.56 
Age (years) 46.78 12.23 22.00 90.00 

Education (years of schooling) 6.61 2.10 0.00 14.00 

Family size 3.20 1.06 1.00 8.00 
Years of settlement 25.73 5.59 5.00 45.00 

Socio-economic index 17.26 1.82 10.00 20.00 

Land area owned (ha) 1.84 0.99 0.25 12.00 

Income (US$) 1,383.33 831.11 201.11 11,666.66 
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Table 3.  Results of Regression on the Actual WTP for WSF 
 

Variables 
Un-standardized Coefficients 

t Sig. 
B Standard Error 

(Constant) 10.77 6.23 1.729 0.084     
Age (years) -41.177 436.05 -0.094 0.925 

Education (years of schooling) -636.34 2,314.61 -0.275 0.783 

Family size 2,763.15 4,326.24 0.639 0.523 

Years of settlement -321.96 833.61 -0.386 0.699 
Socio-economic index -2004.51 2410.31 -0.832 0.406 

Land area owned (ha) -13,732.52 8,732.07 -1.573 0.116 

Income (US$) 0.006 0.001 4.895 0.000*** 

F-test = 8.116; Sig. of F-test = 0.000 
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The objective of this study was to estimate willingness to pay for a water service fee (WSF) in order
to assess the expected achievement of water management objectives in tidal lowlands. A survey was
conducted in Telang, a tidal lowland area on the eastern coast of Sumatra, involving 500 water users
randomly drawn from approximately 60,000 people living in the delta. Each respondent was interviewed
to obtain information regarding socioeconomic status and the willingness to pay for WSF. The data were
analyzed using multiple regresion to obtain the estimate of WSF and its affecting factors. Results indicated
that the mean WSF was $11.40 US. With this WSF, only the improvement of water distribution objectives
could expect to be achieved.

Willingness to pay for WSF was significantly affected by the income of water users. Therefore, efforts to
increase this willingness in order to achieve cost recovery and efficient water allocation should be directed
towards the increase of income of water users.

Keywords: water management, tidal lowland area

Introduction

Among various objectives of water management,
the goals of improving water distribution, recover-
ing cost, and achieving efficient water allocation are
likely to be priorities in tidal lowlands. Not only do
these objectives support the sustainable use of low-
land resources, they also provide proper treatments
for surrounding coastal areas. To achieve these ob-
jectives, a fee that covers the cost of water man-
agement is required, besides functional water struc-
tures and established water management guidelines

(Schultz, 2007; Land and Water Management Tidal
Lowlands [LWMTL], 2006). Since this fee is used to
carry out operation and maintenance of the system,
it is considered as a water service fee (WSF).

WSF has been estimated using various different
cost concepts employing various different methods
(Gonzalez-Alvarez et al., 2006; Bar-Shira et al.,
2006; Esteban et al., 2008; Molle et al., 2008). The
cost of water depends on a number of hydrological,
environmental, and agricultural social and eco-
nomic variables and is determined by the amount of
water received, the number of structures serving an
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area, installation costs, and the presence of water
rights (Tarimo et al., 1998). Cornish et al. (2004)
noted that water charges may vary according to
water sources, degree of water scarcity, irrigation
scheme and technology, and farm types. Global
Water Partnership (2000) proposed three types
of costs for water charges, namely supply cost,
opportunity cost, social and environmental costs.

Based on the above discussion, the basis for esti-
mating the cost of water (WSF) in this study was es-
tablished to include different components that could
be factored into a calculation of the cost of water
management. These cost components include op-
eration and maintenance (OM), capital deprecia-
tion and replacement, opportunity and environmen-
tal costs. Accordingly, three types of water fees were
set to include supply cost (OM costs, and capital de-
preciation and replacement), economic cost (supply
and opportunity costs), and the full cost (economic
cost taking into account environmental externali-
ties associated with the use of water) as depicted in
Figure 1.

Different costs incurred reflected different wa-
ter management objectives. Water distribution im-
provement objective required only operation and
maintenance (OM) costs. Cost recovery objective
considered OM costs including capital depreciation
and replacement costs, whilst efficient water distri-
bution objective required even higher costs in order
to cover opportunity and external costs as depicted
in Figure 2. This study examined the achievement of
water management objectives based on water users’
willingness to pay for the cost of water service.

Methodology

This study was designed as a survey, conducted
in the deltaic area of Telang, South Sumatra, In-
donesia. Telang, a reclaimed tidal lowland area
for agriculture, is located in the lower reaches of
Musi River. Research sample of 500 farm water
users were drawn using random sampling from
some 10,000 farm water users. Data were collected
through field observation, focus group discussion
(FGD) and structured interview. Field observation
was conducted in order to confirm the area under one
tertiary block and the required construction, opera-
tion and maintenance activities within each tertiary
block. All these required activities were brought in
the FGD along with the management activities and
economic and environmental issues to be considered
in estimating the costs of water management. The
estimated costs were then presented to the respon-
dents in the personal interview sessions as estimates
of water service fee in order to elicit their willing-
ness to pay.

Willingness to pay reflected water users’ current
abilities to pay for operation and maintenance of
an irrigation system. Therefore, it represented the
expected achievement of water management objec-
tives. Water users’ actual WTP has three conse-
quences on water management achievement:

1. If actual WTP for is less than or equals OM
costs, only water distribution objective is ex-
pected to be achieved.

OM cost 

Capital depreciation and 
replacement cost 

Supply 
cost

Opportunity cost 

Environmental externalities

Economic externalities 

Economic 
cost

Full 
cost

Figure 1. Three types of cost in water charging (adapted from GWP, 2000). OM is operation and maintenance.
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Water Management Objectives 

Efficient Water 
 Allocation 

Cost
Recovery

Water Distribution 
 Improvement 

OM
Costs

Depreciation and 
Replacement Costs 

Opportunity 
Cost

Environmental 
Cost

Water Service Fee (WSF) 

Figure 2. Framework for assessing the achievement of water management objectives.

2. If actual WTP also covers depreciation and re-
placement costs and WUA management cost
in addition to OM costs, then the cost recov-
ery objective is expected to be achieved.

3. If actual WTP covers all the costs, the efficient
water allocation is expected to be achieved.

The WSF for which water users are willing to pay
is affected by farmers’ socio-demographic charac-
teristics such as age, education, and family size
(Fakayode et al., 2010; El Chami et al., 2009; Chan-
drasekaran et al., 2009; Amponin et al., 2006). It
is also influenced by the land area owned (Chan-
drasekaran et al., 2009; Laoubi and Yamao, 2008),
length of settlement, socio-economic index, and in-
come (Fakayode et al., 2010; Amponin et al., 2006).
The effect of these variables on the actual WSF is
modeled in the following equation:

Wi = f (Qi ) (1)

where Qi represents socio-demographic character-
istics

Assuming multiple regression is sufficient to pre-
dict the actual WSF, the above model is specified as
the following:

Wi = β0 +β1 AGE + β2 EDU + β3 FAM + β4 SET

+β5 SEI + β6 ARE + β7 INC + εi (2)

where

Wi = actual WSF farmers were willing to pay
(in $US)

AGE = age of farmer (year)
EDU = farmer’s education attainment (years of

schooling)
FAM = family size
SET = years of settlement in the area
SEI = index of some socio-economic factors
ARE = farmland area owned (ha)
INC = income from cultivation ($US)

The above regression equation was predicted us-
ing ordinary least square method to yield with the
predicted actual WSF based on its affecting factors
(Norusis, 2006). Subsequent to predicting this equa-
tion, some statistics were employed to examine the
goodness-of-fit of the overall model and the signif-
icance of each of the affecting factors. In addition,
interpretations on the significant factors were made
in term of direction and magnitude of their effects
on the actual WSF the farmers were willing to pay
(Hair et al., 2008).

Results and Discussion

Willingness to pay may reflect the achievement of
water management objectives (WMO). While WSF
was assessed through focus group discussion (FGD)
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Table 1. Costs of water management, WSF estimates and WMO achievement.

Total Cost ($US WSF ($US Expected WMO
Cost Components Cost per Unit ($US)a per 256 ha)b ha−1 year−1) Achievement

Operation and
maintenance cost

206.25 (per 16 ha) 8,953.33 WSF1 = 35.00 Water distribution
improvement

Capital depreciation
and replacement cost

353.33 (per 16 ha)

Opportunity cost 3.50 (per ha) 9,849.33 WSF2 = 38.50 Cost recovery
External cost 5.00 (per ha) 11,129.33 WSF3 = 43.50 Efficient water

allocation

aUnit varies according to the block wherein the cost was applied (secondary block = 256 ha; tertiary block = 16 ha; farmland =
1 ha). bEqual to one water management unit or area of a water users association.

with members of water users association, based
on the cost of water management within a tertiary
block, willingness to pay was estimated based on the
results of the interview following the FGD. Three
estimates of WSF were obtained from the cost of
water management and achievement of water man-
agement objectives was derived from corresponding
WSF estimates (Table 1).

Operation and maintenance costs included salary
of gatekeeper and maintenance cost of tertiary gates
and canal which consisted of grass cutting and
cleaning of canal banks, sediment removal, and in-
cidental gate repair. Depreciation and replacement
costs were investment made in the installation of 2
tertiary gates and 2 culverts for each tertiary block
and construction cost of the gates and culverts. Man-
agement cost was the expenditure made to carry
out the organizational functions of WUA which in-
cluded the salary of officials, administration cost,
and expenditure for meeting and coordination. Sim-
ilar cost components have been used in other studies,
but calculation of costs were based more on tech-
nical and engineering approaches (LWMTL, 2006).

The total cost was similar to that estimated by the
LWMTL when opportunity and external costs were
not considered. In addition, the area-based cost cal-
culation (Cornish et al., 2004) was found to be the
most appropriate in tidal lowlands since neither vol-
umetric nor crop-based were technically applicable.

The sum of the first two cost components pre-
sented in Table 1 was used to estimate WSF1. Op-
portunity cost was the cost of using resources in pro-
duction (Thomas and Maurice, 2008). In this case,
opportunity cost was the cost of using money for
the payment of WSF1 and the amount was assumed
to be the annual interest rate of WSF1. The sum
of WSF1 and the opportunity cost was the WSF2.
WSF3 was the sum of WSF2 and the external cost of
contaminated canal water due to the operation and
maintenance of water infrastructures.

Based on the WSF estimates, water distribution
improvement can be achieved if actual WTP for
WSF is less than $35 US per ha per yr; cost recov-
ery can be achieved if actual WTP is from $35 up
to $38.50 US per ha per yr; efficient water alloca-
tion can be achieved if actual WTP is $38.50 US

Table 2. Descriptive univariate statistic of variables affecting the actual WTP for WSF.

Variables Mean Standard Deviation Minimum Maximum

Actual WSF ($US) 11.40 10.95 0.56 55.56
Age (years) 46.78 12.23 22.00 90.00
Education (years of schooling) 6.61 2.10 0.00 14.00
Family size 3.20 1.06 1.00 8.00
Years of settlement 25.73 5.59 5.00 45.00
Socio-economic index 17.26 1.82 10.00 20.00
Land area owned (ha) 1.84 0.99 0.25 12.00
Income ($US) 1,383.33 831.11 201.11 11,666.66
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Table 3. Results of regression on the actual WTP for WSF.

Un-standardized Coefficients

Variables B Standard Error t Sig.

(Constant) 10.77 6.23 1.729 0.084
Age (years) −41.177 436.05 −0.094 0.925
Education (years of schooling) −636.34 2,314.61 −0.275 0.783
Family size 2,763.15 4,326.24 0.639 0.523
Years of settlement −321.96 833.61 −0.386 0.699
Socio-economic index −2004.51 2410.31 −0.832 0.406
Land area owned (ha) −13,732.52 8,732.07 −1.573 0.116
Income ($US) 0.006 0.001 4.895 0.000∗

F-test = 8.116;
∗
Sig. of F-test = 0.000.

per ha per yr or higher. Actual WTP was respon-
dents’ reported amount of WSF they were willing
to pay, obtained from the interview with individual
respondents which indicated current status of op-
eration and maintenance of the system. Therefore,
it was utilized in the evaluation of achievement of
water management objectives.

In order to measure the achievement of water
management objectives based on the amount of
actual WSF respondents were willing to pay, uni-
variate and multivariate analyses were conducted.
Amount of actual WTP was directly affected by
several socio-demographic variables such as age,
education, family size, years of settlement, house-
hold’s socio-economic progress (an index variable),
land area owned, and income. Descriptive univari-
ate statistics of these variables were presented in
Table 2. The mean actual WTP for WSF was con-
siderably lower compared to the cost of operation
and maintenance. Based on the figures presented in
Table 1, water management objectives that could be
achieved with the mean actual WTP as presented in
Table 2 ($11.40 US) was limited to the improvement
of water distribution.

The result of regression analysis on the actual
WTP is presented in Table 3. Out of 7 independent
variables assumed to affect the actual WSF, income
was the only variable that has statistically signifi-
cant effect on the actual WSF. The coefficient of
income indicated that every dollar increase in in-
come would increase the actual WSF by $0.006 US.
In addition, the effect of land area owned needed
to be considered since its effect was close to the
significant level and its coefficient was negative. Its
negative coefficient implied that every ha increase

in land area owned would decrease the actual WTP
by $1.53 US.

Achievement of higher water management objec-
tives is a necessity in order to support sustainable
water management in tidal lowlands. Considering
WSF as one of the required components in achiev-
ing this (cost recovery and efficient water allocation)
rather than currently achieved objectives (water dis-
tribution improvement), the effort to increase farm-
ers’ incomes that affects their willingness to pay for
WSF should be facilitated. The effort to increase
farm incomes could be directed towards improve-
ment in farming practices through optimum use
of labor, chemicals, and fertilizers. Through these
practices not only WSF payment could be increased,
but also sustainable use of chemicals and fertilizers
could be realized. In addition, accumulation of land
ownership should be avoided since it would nega-
tively affect the WSF payment. Finally, as proved
by Hofwegen (2003) sufficient WSF may facilitate
strengtheing the role of water users in agricultural
water management, thus enhancing a cyclical pro-
cess that leads to agricultural development in tidal
lowlands.

Conclusions

It can be concluded from the study that:

1. Three objectives of water management were
recognized in tidal lowland agriculture,
namely, improvement of water distribution,
cost recovery, and efficient water allocation.
The achievement of these three objectives
should be planned gradually with regard to
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the ability of water users to pay for a water
service fee (WSF) and shared responsibility
in water management among policy makers,
managers and water users.

2. With the value of actual WTP for WSF, the
achievement of water management objective
was limited to the improvement of water dis-
tribution. Neither cost recovery nor efficient
water allocation could be realized with this
actual WTP for WSF. In this situation, gov-
ernment support is expected to maintain cur-
rent capacity of operation and maintenance of
water infrastructures.

3. Among socio-demographic variables as-
sumed to affect actual WTP for WSF, only
income significantly affected it. Therefore,
efforts towards improving farming practices
that may immediately lead to increasing farm
income should be directed.
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