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Abstract: It is noted that several activities conducted near water stream such as timber harvesting 
operations, agriculture-based plantation, road construction, housing development and particularly 
conversion of forest land to other land uses will lead to diminishing in water quality. As water stream 
contaminated, cost of treating the water will be raised accordingly. Hence, this could take up a 
significant component of the cost of water supplies. In a case of Malaysia, the companies that operate 
the water treatment plants have to bear the additional cost on their own. This scenario has brought 
unfairness to those companies as they not the one who contaminates the water stream. Therefore, an 
attempt is made to estimate the cost of water treatment with its potential determinants and carry out the 
simulation analysis. For this study, we examine the impact of timber harvesting activities on the cost of 
water treatment. The timber harvesting is divided into two practices namely conventional and 
sustainable timber harvesting practices. In this respect, the assessment of cost of water treatment is also 
to be known as external costs of timber harvesting activities towards water treatment. In other word, 
this could be considered as implicit cost for timber companies. The cost of treating water is expressed 
as a function of the production of water produced (measured in gallons treated), turbidity of the raw 
water intake [as measured in Nephelometric Turbidity Unit (NTU) and pH] and a dummy variable to 
represent the influence of the rainy seasons. Based on reports from water treatment plants, every two 
weeks averages for each item have been calculated. The final set of data consists of 24 weeks which is 
for every two weeks observations from January 2009 to December 2009 and 6 water treatment plants in 
Kelantan, Malaysia. All variables used in this study are in natural logarithmic form. We have employed 
panel data analysis in estimating the cost of treating water function. The result shows that the NTU and 
cubic meter treated (CT) were significant at the level of 1-percent. Whereas, other factors such as the 
dummy (DM) variable that measures the rainy season was insignificant. In addition, based on goodness 
of fit of the Ordinary Least Square (OLS) model, it is clearly indicated that the model is well fitted as it 
passes the diagnostic test. Simulation analysis reveals that the average increase in sedimentation rates 
associated with NTU level from 198 to 580 increased the average cost per cubic meter of water 
treatment to RM1.88 [with Conventional Logging (CL) practices] from RM0.65 (without timber 
harvesting activities). On the other hand, as sedimentation rates reduced to 388 in Reduced Impact 
Logging (RIL) practices, the average cost per cubic meter increased to RM1.26. Simulation analysis 
indicated that the external cost of CL bear the highest cost of water treatment activities. Hence, the cost 
per cubic meter of water treatment will reduce by RM0.62 or 49-percent when RIL practices were 
adopted. These findings demonstrated that the implementation of RIL is preferable in reducing the 
contamination in water stream from rising erosion and sedimentation rates resulted from timber 
harvesting.  
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INTRODUCTION 

 
 It is noted that timber harvesting activities would lead to environmental damages. (Mohd Shahwahid, et al., 
1999) mentioned that timber harvesting activities might cause environmental damages such as soil erosion and 
sedimentation which causes increase in turbidity. This will cause increment in the cost of water treatment as 
additional chemical is needed for treating the contaminated water. (Baharuddin and Abdul Rahim, 1994) 
reported that logging activities increase the suspended sedimentation rates by 177 percent in the first year, 297 
percent in the second year and 200 percent in the third year. In the fourth year after logging, the sedimentation 
rates returned to its pre-logging level. However (Sist, 2000) noted that the impact from logging activities can be 
reduced by 50 percent if the reduce-impact-logging (RIL) practices are adopted.  
 According to (Baharuddin and Abdul Rahim, 1994) sediment is used as a primary indicator of water 
quality. In this study, we estimate the water treatment costs as a function of raw surface water quality. Referring 
other studies such as (Abdul Rahim, et al., 1985; Baharuddin and Abdul Rahim, 1994) sediment is use as a 
primary indicator of water quality. A number of estimates of the water treatment costs of sediment, measured as 
turbidity have been developed by (Holmes, 1988; Forster, et al., 1987; Moore and McCarl, 1987; Dearmont, et 



Aust. J. Basic & Appl. Sci., 5(12): 598-601, 2011 

599 

al., 1998). Hence, this study will use the indicator of sediment and turbidity as the same indicators of water 
quality. This is because according to (Sulaiman and Hamid, 1997) there are close correlation between sediment 
and turbidity. They found that sediment-turbidity relationship that explained 90 percent of the model variance.  
 Turbidity indicates the presence of suspended clay, silt, finely divided organic matter, algae and other 
microorganism (Moore and McCarl, 1987). (Dearmont, et al., 1998) mentioned that turbidity is measured in 
Nephelometric Turbidity Unit (NTU), which relate to how light from a tungsten lamp is scattered in water. High 
turbidity levels will interfere chlorination process and make water unsuitable for human consumption. Thus, this 
study examines the cost of water treatment associated with turbidity or sediment load at Gua Musang and Kuala 
Kerai, Kelantan, Malaysia. In addition, simulation analysis on CL and RIL scenarios will be conducted to 
examine their impact on the cost of water treatment. The CL scenario associated with sedimentation rates which 
increased in average at 191 percent from the first to third year after logging is borrowed from the study 
conducted by (Baharuddin and Abdul Rahim, 1994). Whereas, RIL scenario associated with reducing damage to 
erosion and sedimentation by 50 percent is obtained from (Sist, 2000). These scenarios or better known as 
negative externality effects will affect the third party. According to (Tietenberg, 2003) an externality exists 
whenever the welfare of some agent, either a firm or household, depends not only on his or her activities, but 
also on activities under the control of other agents. For example, in this study the operation cost of treating water 
will be affected by logging activities.  
 
 Methodology: 
 The impact of timber harvesting (under CL and RIL practices) on the cost of water treatment will be 
examined in this study. The model that relates to the cost per unit of treating water is adopted and modified from 
the model developed by (Dearmont, et al., 1998). The model of water treatment cost is as follows:  
 
COST/CUBIC METER = f (NTU*pH, CUBIC METER TREATED, DUMMY)                                               (1)  
 
 Equation 1 shows that Cost is expressed as a function of NTU*pH, cubic meter treated and dummy (0-1) 
variable for rainy season. NTU*pH is the interaction multiplication of the difference in Nephelometric Turbidity 
Unit (NTU) level between raw and treated water times the pH level of the raw water. NTU and pH are treated in 
an interaction term because of the chemical relationship between coagulants and pH adjusters. According to 
(Dearmont, et al., 1998) generally coagulation agents are acidic, they use lower pH. For example, if pH falls 
below 7.5, lime or some other basic substances must be added. However, high pH level reduces the need to do 
this lowering chemical treatment costs. Thus, an interaction term is the best. For dummy variable, one (1) 
represents the rainy season which normally occurred during October to December and zero (0) is otherwise. The 
rainy season is included in the model because water treatment costs might be affected by runoff and sediment 
levels. However, the most important parameter used in the model is NTU*pH because this is the main factor 
that leads to raise the cost of treating water (Dearmont, et al., 1998).  
 To illustrate the Panel Data modeling approach, we then express Equation (1) in log-linear form as follows: 
  
lnCOST/CUBIC METERit = lnNTU*pHit + lnCUBIC METER TREATEDit + DUMMYit + εit                                       (2)  
 
 In Equation (2), ln is natural log form, i is location of several water treatment plants, t is time for annual 
data and ε is error term. All variables used in this study are in natural logarithmic form. These data are in time 
series nature of 24 weekly observations and also six cross sections which represents the number of water 
treatment plants. This would bring the total observations for panel data analysis are 144 observations. Hence, 
panel data approach was used for all parameters in the model as this approach yield unbiased, consistent and 
efficient or Best Linear Unbiased Estimator (BLUE) estimator of β (Gujarati, 2003). 
 
Data Sources: 
 The data collection focuses on six stations of water treatment plants in Gua Musang and Kuala Kerai, 
Kelantan. These areas have been chosen as there are a few timber harvesting activities being conducted. These 
water treatment plants are located in Panggung Lalat, Sg. Betis, Chiku, Aring, Pahi and Kuala Tualang. Data 
were obtained from reports filed by the treatment station operators at each station. These reports include daily 
information on cost per cubic meter, Nephelometric Turbidity Unit (NTU), pH, number of cubic meter water 
treated, type and amount of chemical used. Based on these reports, for every two weeks averages for each item 
have been calculated. The final set consists of 24 weeks which is for every two weeks observations from 
January 2009 to December 2009.  
 
Results of Estimation: 
 Timber harvesting activities were known as one of the factors that caused soil erosion and sedimentation in 
the river. Thus, the quality of water in the rivers will be affected. This, in turn increased the cost of water 
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treatment in the water treatment station, which eventually will be transferred to consumers. The reduction of the 
quality of water resulting from timber harvesting is known as externality effect. It is noted that the status quo 
practice of timber harvesting operations and the incremental cost of water treatment resulting from timber 
harvesting activities in forests were not included in the timber producers’ transaction cost. This is known as 
external cost for timber producer that has been indirectly created onto water treatment plant and this cost will be 
transferred to consumers. In order to ensure the welfare to the society is taking into account, this external cost 
must have to be included and being full costs in timber producer financial statement. In this context, the second 
part of this sub-section illustrates the external cost of timber harvesting upon two regimes of timber harvesting 
namely Conventional Logging (CL) and Reduce Impact Logging (RIL). 
 The estimation results were given in Table 1. The NTU and cubic meter treated (CT) were significant at the 
level of 1-percent. Whereas, the dummy (DM) variable that measures the rainy season was insignificant. The 
elasticity cost associated with NTU is 0.07 and positively correlated with the cost of water treatment. This 
implies that the chemical treatment costs will increase as the level of NTU increases. In other words, a 10 
percent increase in NTU increases the cost of water treatment by 0.7 percent.  
 
Table 1: Estimated Results for Cost of Water Treatment Using Panel Data. 

Dependent variable: Cost of water treatment 
Variable NTU*pH CT DM C R2 Durbin-Watson 
Estimated 
Coefficients 

0.07*** -0.99*** 0.46 12.5 
0.68 2.0 

(0.00) (0.00) (0.16)  
Note: ***, *** & * indicate statistical significant at the 1%, 5% and 10% level respectively; values in () are p-value. 

 
 As CT was significant at the level of 1-percent, the elasticity cost associated with CT is -0.99. This implied 
that an increase of 10-percent in total cubic meter treated decreased water treatment costs by 9.9 percent. This 
should not take to imply that chemical treatment costs could be reduced to zero by treating enough water. 
According to (Dearmont, et al., 1998) elasticity measures are only valid in the neighborhood of the mean values 
of the regression, and a fortiori, should not be considered outside the range of the data. The coefficient of 
dummy variable for rainy season is 0.46. This indicated that the treatment costs are higher during high 
precipitation season. However, it is insignificant for the case of this study. 
 The overall fit of the equation between the explanatory variables and dependent variable can be explained 
by the value of R-square. This is an important criterion in evaluating the quality of regression. For example, the 
value of R-square obtained from the estimated supply equation is 0.68. This implied that 68 percent of the 
variation in cost of water treatment model could be explained by the explanatory variables in the model, while 
the remaining 32 percent could be explained by others. In addition, based on goodness of fit of the panel data 
model, it is clearly indicated that the model is well fitted as it passes the diagnostic test. The diagnostic tests 
revealed no evidence of autocorrelation problem as shown by the Durbin-Watson test. 
 
Result of Impact Analysis: 
 Based on the coefficient value estimated earlier (see Table 1), the result on impact analysis for average cost 
of treating water for both scenarios was depicted in Table 2. This analysis is essential as logging activities leads 
to diminishes in water quality. The measurement of the externality effects that occurred from timber harvesting 
was based on the study conducted by (Baharuddin and Abdul Rahim, 1994; Sist, 2000). On average after timber 
harvesting activities, sedimentation rates will increase by 191-percent in CL practices (Baharuddin and Abdul 
Rahim, 1994). However, the sedimentation rates will reduce by 50-percent after complying with RIL practices 
(Sist, 2000). Therefore, the average increase in sedimentation rates associated with NTU level from 198 to 580 
increased the average cost per cubic meter of water treatment to RM1.88 (with CL scenario) from RM0.65 
(baseline scenario). On the other hand, as sedimentation rates reduced to 388 in RIL scenario, the average cost 
per cubic meter increased to RM1.26. This analysis indicated that the external cost of CL bear the highest cost 
of water treatment activities. Hence, the cost per cubic meter of water treatment will reduce by RM0.62 when 
RIL practices were adopted. Similarly, (Mohd Shahwahid, et al., 1999) found that the cost of water treatment 
will be reduced when RIL practices were adopted.  
 
Table 2: Impact of CL and RIL Practices on Cost of Water Treatment (Cost/cubic meter). 

Indicator Baseline Scenario (RM) CL Scenario (RM) RIL Scenario (RM) 
Cost of water treatment 0.65 1.88 1.26 

 
 In general, the cost of water treatment in all stations has increased after taking into account the externality 
effects resulting from CL and RIL practices. The extensive timber harvesting activities particularly those that 
practiced CL will significantly reduce the profitability of the water treatment plant. Consequently, this will also 
substantially increase the society cost of water pollution. The above findings managed to identify issues 
associated with diminishing in water quality resulting from timber harvesting activities particularly under CL 
and RIL practices. Other than the impact of timber harvesting activities on the quality of river water, the joint 
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responsibility from timber producers on the issue of treating the river water was the main concern in this study. 
On one hand, practicing RIL is in line with the Malaysian National Forest Policy which stated that the 
importance of forest are: (i) to ensure that the generation will have clean water resources, (ii) to prevent soil 
erosion, and (iii) to maintain environmental stability. On the other hand, this is to achieve the optimum level of 
timber harvesting activities that related with the cost of treating river water. As noted by (Tietenberg, 2003) the 
net benefit will be maximised when the externality effects were taken into consideration. 
 
Conclusion and Policy Implications:  
 In this study, the changes in the cost of water treatment resulting to diminishing in river water quality are 
evaluated. Of parameters used, only NTU or sediment load shown significant result at 1-percent level in 
affecting the cost of water treatment. Although there are various factors may affect river water quality, only two 
logging practices are considered in this study. The outcome of this study clearly favor RIL practices due to its 
minor negative impacts on the cost of treating the river water. 
 This finding is particularly important for the state government to ensure that any permit for timber 
harvesting in forested area particularly in forested cacthment must adopt RIL practices. It is recommended that 
the RIL to be an essential criteria prior to the approval of any environmental impact assessment (EIA) reports on 
timber harvesting activities in forested area.   
 In addition, the policy makers and forest managers must take into account the externality effects resulting 
from timber harvesting activities in policy making mechanism. For example, based on this finding, the timber 
producers must also bear the incremental cost of treating water as timber harvesting is found to cause the 
reduction in river water quality. The imposition of higher tax, royalty, premium or subsidy could be considered 
in minimising the externality effects. For example, as stated by (Mohd Shahwahid, et al., 1999) Forestry 
Deparment can incorporate a requirement in the licensing agreement requiring timber producers to raise the 
amount of deposit payments as security for adherence to good timber harvesting practices. The deposits can be 
collected into a fund and use it to internalise the externality effects that associated with NTU or sediment loads. 
 This is sort of purchasing the rights to pollute/sediment. In addition, (Mohd Shahwahid, et al., 1999) 
suggested that state government can impose environmental taxes on logger based on the polluter pay principle 
(PPP) because a basis is now available for calculating damages that can be used as inputs into setting taxes on 
pollution. One criterion of this PPP is that the tax revenue should be returned to the payers according to ability 
to reduce pollution, without destroying the incentive properties of the tax. The principle is that to avoid the tax, 
timber producers have incentive to adopt a more environmental friendly timber harvesting practices such as 
reserving sufficient buffer strip and reducing road construction to minimise the externaliy effects being incurred 
by off-site users.  
 The same policy approach might also be applied to other activities such as oil palm and rubber plantation, 
housing development, highway construction and many other factors that could affect the river water quality. It is 
essential that, all related government agencies, ministries and authorities to joint forces in monitoring activities 
that could lead to the reduction in the river water quality.  
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