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Abstract
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Water is essential for life. Polluted water has negative effects on people either directly or indirectly. Direct
effect can be seen when people consume drinking water for personal consumption. Indirect effect can be seen
when polluted water effect the environment and production of producers. Turhal and Suluova are two main
examples for indirect effect of polluted water. As a result of negative externality caused by intensive beef cattle
production the irrigation water of both regions are polluted and this situation either decrease yield of some veg-
etables or makes their cultivation impossible. Thus, there is less quality product, lower return, and polluted envi-
ronment. That is why; the main objective of this study is to analyze the producer’s willingness to pay for higher
quality irrigation water and analyzing the factors that effecting their payment decisions. A survey technique was
implemented via face to face interview with 130 randomly selected producers. The data was analyzed using tobit
and Heckman sample selection model. According to the result the producer who is male, from Turhal region, has
more vegetable land, and polluted water is willing to pay more for increasing the quality of irrigation water.
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Introduction

Disorganized settlement, the natural and chemical
fertilizers and materials that used for agricultural pro-
duction practices are the main pollution sources which
pollute the surface and underground water. The wastes
of residential areas, oils, pesticides, batteries, gaso-
line and diesel wastes, fertilizers, chemicals, animal
fecal used in agriculture, the materials that used for
construction and processing in industrial places, the

quicksilver, arsenic, and sodium that found on the na-
ture are the main pollutant for the water sources. The
pollutant is classified as organic and inorganic. Syn-
thetic organic materials can be found in almost every
kind of products produced in this century. Nitrate,
nitrite, phosphor, manganese, iron, boron, zinc, inor-
ganic quicksilver, copper, arsenic and barium are the
main inorganic pollutants that contaminate the surface
and underground water.

The phosphor that carried by different pollutants
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and wastes can pollute the surface water. Having too
much phosphor in the surface waters make the amount
of alga to increase fast. The alga transforms the inor-
ganic phosphor to organic form and caused the amount
of the oxygen to decrease in the water. This situation
decreases the quality of water and causes some deaths
for the living organisms in the water (Morse and
Bennet, 1993; Maguiri et al., 2000).

The over-used fertilizers cause some negative ef-
fects on the water. For example using too much ni-
trated fertilizers increase the amount of nitrate in the
water as a result of rain. On the other hand, over-
used phosphate fertilizers, increases the amount of
phosphate in the water sources as a result of rain wash
(erosion). In addition to that over-used nitrated fertil-
izers can cause the amount of NO2 and NO3 to in-
crease in the product which produced for their leaves
such as lettuce and spinach. On the other hand, in
addition to such problems the manure causes the
amount of salt to increase in the soil.

As the modern agricultural activities have increase
the use of chemical and organic fertilizers have in-
creased as well. As a result of irrigation, rain, and ero-
sion sometimes the most part of such fertilizers are
washed to water sources such as rivers, lakes and
underground water. This problem destroys the natu-
ral balance of the living things that lived in the water
and the environment. On the other hand, using animal
manure and urine in the agricultural production affect
the quality/yield of product, soil structure and water
sources. This contamination has been proved by vari-
ous studies (Ritter and Chirnside, 1990; Hermanson
and Thomason, 1992; Hauser and van Kooten, 1993).

Beef cattle production based nitrate pollution is one
of the most dangerous problems for agricultural pro-
duction in some parts of Turkey. Turhal and Suluova
are two local examples of such pollution. There is in-
tensive beef production in both areas. As the number
of producer increases the manure management has
become a huge problem. While a huge amount of the
waste is used as fertilizer in agricultural production,
the remained is poured to surrounding river
(Tersakan), irrigation channels, or irregularly to some
parts of the region. The poured manure form local

and wide-range pollution in surface and underground
water. This situation effect the quality of water used
both at home and for irrigation. The high amount of
manure in irrigation water decreases the electrical
conductivity of water and as a result of that it be-
comes economically unprofitable to produce some
agricultural products such as bean, strawberry, car-
rot, onion, radish, lettuce, corn, potato and etc. Ac-
cording to Ayers and Westcot (1985) for example,
the yield of strawberry will decrease by 10, 25, and
50 percents if the electrical conductivities of water
are 0.7 -0.9, 0.9 – 1.2, and 1.2-1.7 dS/m respec-
tively.

The main reason of increase in the number of beef
cattle producers in both places is a result of mainly
having huge amount of sugar beet production, feed
factories and roughage. There is a sugar factory in the
Turhal which provide a huge amount of sugar beet
feces to the producers. There are a total of 34 662
beef cattle in Turhal and 31500 in Suluova of which
most are regional breeds (Anonym, 2006a and
2006b). Yesilirmak, one of the longest river in Tur-
key, flow through Turhal region and Tersakan River is
an important source of irrigation in Suluova.

The main objective of this study is to analyze the
producer willingness to pay for higher quality irriga-
tion water and analyzing the factors that effecting their
decisions. As a result of that some suggestion will be
lined up.

Literature Review

Researchers have mainly analyzed the benefit of
increasing the quality of surface and underground
water consumed at home. Different methodologies
have been developed to calculate the benefit of in-
creasing water quality (Bergstrom et al., 1996; Boyle
et al., 1994; Crocker et al., 1991; Powell, 1991).
The researchers have tried to find the main sources of
pollutants. They analyzed the risk of consuming con-
taminated water, the source of contagious affection,
the affected people, and their risk realization.

By using the WTP method, Edwards (1998) elic-
ited the consumers’ willingness to pay for nitrate free
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underground water in Cape Cod, Massachusetts. The
amount of WTP that the household were ready to
make was ranged between $363 and $1437 per year.

According to the research conducted by Jordan
and Elnagheeb (1992) for nitrate pollution in Geor-
gia, The amount that the household were willing to
pay for nitrate free water was between $120.84 and
$148.56 annually.

By using contingency valuation method in his study,
Poe (1993) elicited consumer preferences for water
quality in Wisconsin state. According to his result, for
proposal of purifying drinking water from nitrate the
household were willing to pay the annual amounts
between $224.72 and $684.95.

As applied in almost every country in the world,
there was an idea of converting the marginal areas to
agricultural land in US as well. Thus, the idea was
about the converting of the reedy and swampy areas
to the agricultural lands both to increase the cultivated
land and decrease the effects on the underground
water. According to McClelland et al. (1993) Ameri-
can household were willing to pay (bear) $146.76/
year of the cost in average might occur because of
transformation.

According to the study conducted by Boyle et al.
(1994) in 8 different researches related to the effects
of nitrate in the drinking water the nitrate had a poten-
tial danger for people.

While the WTP was affected by the level of house
hold income and shortage of water positively, it was
affected by a system that polluted the city water and
the availability of studies that evaluated the water qual-
ity negatively.

In addition to that, some other researchers tried to
estimate the economic value of irrigation water
(Mallios and Latinopoulos, 2001; Leyva and Sayadi,
2005) or impacts of small water resources on sus-
tainable crop production (Mushtaq et al., 2009).

As can be seen from literature review the research-
ers generally tried to find the consumer willingness to
pay for improving drinking water quality, environment
quality and valuing irrigation water. Most studies of
this kind dealt with consumers. We are not aware of
the studies that elicit the producers willing to pay for

higher irrigation water quality to avoid the lower yield
effect of polluted water.

Methodology

The indirect and direct methodology can be used
to determine water quality. In indirect method avert-
ing expenditure models and Hedonic property analy-
sis are used. According to averting expenditure model
the value of water is calculated by taking the expendi-
ture made to the substitute water in order to avoid the
negative results of the polluted water. On the other
hand, according to hedonic property analysis by com-
paring two regions with each other their value can be
determined. Willingness to pay (WTP) and willing-
ness to accept (WTA) are two well and most used
analyzing techniques of the direct methods.

In this study there are no defense expenses made
for substitute water. The cost of not having quality
water for irrigation is a starting point. Because of the
polluted water the producers could not produce some
products and as a result of that they economically lose
some revenue. Since the producers are aware of that
problem they were willing to bear some cost of in-
creasing water quality in order to produce the prod-
uct, increase yield and make positive return.

The independent variables’ effect on the decision
and amount of payment that the producers are willing
to accept and pay will be analyzed by using Tobit and
Heckman sample selection models.

Large proportions of respondents were not willing
to pay anything for increasing the quality of water.
They reported “zero” in the survey. As a result of that
Tobit and Heckman sample selection model will be
used for comparison reason.

Because some variables are censored around zero
WTP, Tobit model is an appropriate approach to fol-
low. Following Maddala (1999), the Tobit model cane
be defined as:

if RHS> 0 and

Otherwise
(1)
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Where, β is a            vector of unknown param-
eters;       is a                 vector of known constants; and
    are independently and normally distributed with
zero mean       and variance. Then, by using the maxi-
mum likelihood estimation β and        is estimated on
the basis of N observations on    and      This is
basically an estimation with censored normal regres-
sion model.

As for the second step a Heckman sample selec-
tion model will be used. As indicated by Long (1997)
equation 1 is the base for Tobit and truncated regres-
sion models. On the other hand in sample selection
model instead of        being observed when       > ô,
     is supposed to be observed based on another la-
tent variable called

The equation of the latent variable is

(2)
and can have similar variables.
only be observed when
The error terms are assumed to be normally dis-

tributed for estimation as follows

Where the correlation between the error terms

is assumed to be 1. Because of the normal distribu-
tion structure of v equation 2 is a basic probit model.
In this case             if ,            and      can be observed.

of equation 1 and 2. In order to identify the model
Var

In heckmans two step estimation model probit
model is estimated first and then        is computed via

                          Where,        is called inverse Mill’s

Ratio (IMR) or Lambda.      standard normal distri-
bution function and        is the standard normal cumu-
lative distribution function. Then       is added to the
equation 1 as independent variable and the regres-
sion is conducted.

The data for this study was collected via survey.
The randomly selected 130 producers were visited

on his/her farm and face to face interview was con-
ducted to fill the survey and elicit their agricultural pro-
duction practices. The survey included the questions
to elicit producers’ personal opinions about the ef-
fects of beef cattle production on irrigation water, pro-
duction yield, and farming practices. Almost all pro-
ducers were agree that the irrigation water pollution
caused by beef cattle production decrease the yield
of their vegetable production and in some parts make
impossible to produce some vegetables. Their will-
ingness to pay was elicited to see if they were ready
to bear at least some part of cost which will occur for
increasing water quality. Demographic question were
on the last part of the survey.

Results and Discussions

Table 1 provides the descriptive statistics of vari-
ables. VEGLND determine the size of land used for
vegetable production (in da). The average land used
for vegetable production was roughly 23 da. The
maximum size of land used for vegetable production
was 225 da. The region is well known with the pro-
duction of vegetables. The possible reason why some
producers do not produce vegetables might be be-
cause of the pollution problem. In case of higher quality
of irrigation water vegetable production might attract
those who do not produce currently but might pro-
duce in the future.

There were different source of irrigation water such
as well, river, the channels of General Directorate of
State Hyraulic Works (DSI), spring water, and puddle.
The majority of producers were using DSI water for
irrigation. The average amount of payment per de-
care was roughly 11 TL (Table 1).

Seventy percent of producers indicated that their
water was dirty which was caused by beef cattle ma-
nure. On the other hand, roughly 98 percent of pro-
ducers indicated that their vegetable production is af-
fected negatively by polluted water. The similar result
of reduction in the yield of vegetables was determined
by Sayili (2001). This problem was the main purpose
of this study. Having majority of producer affected
from the pollution makes the problem solution an ur-
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gent issue.
The concerns about the producers’ willingness to

pay for higher quality of irrigation water were elicited
via another question in the survey. Fifty five percent
of the producers indicated that they were willing to
pay extra per decare. The average amount of willing-
ness to pay was roughly 1 TL per da.

The age of respondents ranged 20-67 with an av-
erage of 40 years old. The majority of respondents
(87%) were male. The household size of respondents
ranged 2-13 with average of roughly 6 per family. The
majority of respondent were high school graduate. The
average monthly income per family was 1000-2000

with minimum of less than/equal to 500 and maximum
of 10 000 TL and more.

During the survey the most of respondents indi-
cated that the pollution affected the yield of vegetable
production negatively; especially the products which
produced for their leaves such as lettuce, parsley,
onions and etc. Increasing the water quality will affect
the yield of the products in the regions positively. Thus,
firstly the producers were elicited to see whether they
were willing to pay for better quality irrigation water
or not. The variable took a value of “1” if they were
willing to pay and “0” if not. Then, the following ques-
tion was asked to only the producers who were will-

Std.
Dev.

VEGLND:The size of land used for 
vegetable production (in decar) 23.035 36.630 0 225

SUKYDSI0: If the main source of irrigation 
water is DSI, 1 and 0 otherwise 0.915 0.279 0 1

WDITRY1: If the irrigation water is dirty 1, and 0 otherwise 0.7 0.46 0 1
YLDLOSE1: If there is a loss in yield because of lower 
quality irrigation water 1, and 0 otherwise 0.977 0.151 0 1

IRRPAY1: Payment for irrigation per da as TL 11.152 3.006 0 17
WTP1: If the producer is willing to pay extra higher 
quality irrigation water 1, and if not 0 0.546 0.5 0 1

WTPERDA: The amount of extra payment producer is willing 
to pay per da for higher quality water (TL) 0.929 1.434 0 9.5

AGE: The age of respondent in years 40.400 10.491 20 67
GENDER: The gender of respondent (Male=1 and female=0) 0.869 0.338 0 1
HHOLD: The household size of respondent (in numbers) 5.615 2.324 2 13
EDUCAT: The education level of respondents (0: None, 1: 
Knows read and write, 2: Elementary School, 3: Secondary School, 
4: Highschool, and 5: College and higher)

3.169 1.142 0 5

INCOME: The monthly income (TL) of respondents (0: 500 and 
less, 1:501 – 1.000, 2: 1.001 – 2.000, 3: 2.001 – 3.000, 4: 3.001 – 4.000, 
5: 4.001 – 5.000, 6: 5.001 – 6.000, 7:6.001 – 7.000, 8: 7.001 – 8.000, 
9: 8.001 – 9.000, 10: 9.001 – 10.000, and 11: 10.000 and more)

1.246 2.046 0 11

TUR1SOV0: If the respondent is from Turhal 1, and Suluova 0. 0.485 0.502 0 1

Table 1
Deterministic statistics of the variables

Variable Mean Min Max
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ing to pay. They indicated extra payment for per de-
care as a percentage of what they were already pay-
ing (Table 2).

As shown on the Table 2, the first analysis was
done by Tobit model. The dependent variable was
the amount of extra payment that producer was will-
ing to pay for improving irrigation water quality. Most
of the variable has expected signs.  For example those
who have more vegetable land and polluted water were
willing to pay extra. They are expecting to get more
return than what they are willing to pay. On the other
hand, since the production is mainly practiced by male
producers their willing to pay extra was expected. The

producers from Turhal seem to be willing to pay more
for improving the water quality.

As for sample selection model, in order to calcu-
late the inverse mill ratio and put it on the sample se-
lection model; Probit model was run first. The depen-
dent variable were whether the producer were willing
to pay or not (1, 0). The effect of variable on the
independent variable had same signs. However, only
GENDER and WDIRTY1 variables were significant.

As for the second step the producers who were
not willing to pay for higher quality irrigation water
were truncated from the sample and the regression
was conducted by using the Heckman sample selec-

Tobit Probit Heckman 
Sample Selection

Constant -6.3383**      -3.7682**      55.190
VEGLND .01452*       0.0032 0.0062
SUKYDSI0 12.208 0.6644 -0.7159
WDITRY1 1.3203**       0.8929**       -10.696
IRRPAY1 0.3069
AGE 0.0323 0.0166 -0.0026
GENDER 1.3572*       0.8347*       -0.5375
HHOLD 0.0796 0.0457 -0.0552
EDUCAT 0.2132 0.1203 -0.0669
INCOME 0.0254 -0.0498 0.2151
TUR1SOV0 0.8382*       0.5015 -0.5926
Log likelihood function -185.3 -75.64 -116.98
McFadden Pseudo R-squared 0.16
Chi squared                    27.82
Prob[ChiSqd > value] 0.2
Hosmer-Lemeshow chi-squared 9.54
P-value 0.3
Lambda (λ) -2.03
F Value 1.81 (0.08)
R-Squared 0.23
LM test 14.04 [10]
Normality Test 13.92 [2]
ANOVA  based fit measure 0.124

Table 2
Results of first stage Tobit, Probit, and Heckman sample selection analysis

Note:*p<0.05 and **p<0.01 and ***p<0.001
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tion model including inverse mill ratio as one of the
independent variable in the regression. As shown on
Table 2, the effects of independent variables were in-
significant and most of them were unexpected. Since
the sample selection model was not appropriate, and
most of respondent indicated zero payment which
causes a censor problem Tobit model gave better es-
timate for this study.

Conclusion

According to literature review, conducted survey,
expert opinions and interview with the producers, the
quality of irrigation water in both Turhal and Suluova
regions was lower than the acceptable level.  The qual-
ity of water seems to be very important in agriculture
of the region. It is obvious that the irrigation water is
contaminated by a lot of pollutants; mainly beef cattle
manure which is poured to the rivers, valley and irriga-
tion channels of DSI in the regions.

The lower quality of irrigation water does not only
decrease the yield of production, but at the same time,
because of carrying heavy metals, it affects the health
of consumer who consumes the product as well. Since
the surface and underground water are the main sources
of drinking water, increasing of water quality will pro-
tect the consumer from future health problems.

On the other hand, since it is almost impossible to
get substitute water for irrigation, in order to increase
the quality of water the source of pollutants needs to
be detected and removed. In both regions the main
pollution source is the manure of beef cattle produc-
tion. Relocating the beef cattle production units far away
from irrigation sources and residential areas and de-
velop the manure management practices is an essential
issue.

As a result of having lower yield, environmental pol-
lutions, and the WTP of producers to avoid such prob-
lem, it will be easy for authorities to cooperate with the
producers and find the best possible solution.
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