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I 
 

INTRODUCTION 
  
 The paper attempts to study the economic valuation of a set of external impacts 
of coconut husk retting in backwater lakes of Kerala state of India. The process of 
retting results in air and water pollution as well as ecological degradation of the 
backwaters of Kerala. In the retting sites, aquatic pollution caused by release of 
organic wastes like lignin, tannin and polyphenols, emanates a foul smell and inhibits 
the growth of aquatic flora and fauna. Low pH, decreased oxygen content, high BOD, 
chloride content and alkalinity leads to anoxic condition in the water bodies, which 
leads to significant reduction in fish population in these water bodies. In addition, air 
pollution due to the release of hydrogen sulphide, methane, ammonia and carbon 
dioxide also causes inconvenience and health damages (Remani, 1979, Nandan and 
Aziz, 1995). Common health problems reported due to the inhalation of these 
poisonous gases are eye diseases, skin diseases, edema of lungs and headache. A 
recent study shows 66.7 per cent of the local dwellers suffer from such conditions. In 
addition, the tourists’ visits to these beautiful backwater areas are greatly reduced due 
to the prevailing conditions (Nirmala et al., 2002).  

On the other hand, coir fibre extraction from coconut husk is an economic 
activity that supports thousands of labourers, especially women in Kerala accounting 
for two-third of its production in India. The coast of Kerala is dotted with 31 
backwater lakes lying roughly parallel to the Arabian Sea, separated by a narrow strip 
of land of 0.4 to 12 km wide. The abundant availability of coconut husk and the 
generally shallow nature of these lakes have led to the emergence of the coir making 
as a massive cottage industry in the state. This natural fibre is used in a variety of 
products ranging from coir carpets to geo-textiles (Gujral, 2006). The economic value 
of exports of products based on this fibre was Rs. 6399.3 million in 2008-09.  

Coir fibre is extracted by retting the husk in anaerobic conditions for 10-12 
months by immersing them in water bodies such as backwater lakes. It is reported 
that the accumulation of organic material beyond the tolerance level affects the 
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survival of crustaceans and leads to consequent reduction in their number (Unnithan 
et al., 1975). Another work on Benthic fauna, shows that the population density and 
the species diversity of these organisms were low in the retting zones while a higher 
species diversity and density were observed in the cleaner zones (Devi and Pillai, 
1990). A drastic reduction in the incidence and abundance of planktons is also 
observed in these water bodies (Nandan, 2008). It is obvious that the substantial 
decline in water quality reduced the fish population (Menon et al., 2000) in these 
areas that steered a sharp decline in fishing activities.   

In this milieu, this study attempts to economically value the economic damage 
from multidimensional external impacts of retting coconut husks in backwaters of 
Kerala. The location of the research work is in the Alappuzha district of Kerala state 
in India, which is called “Venice of the East’. This district is located in between 9° 
05' and 90 54’ North latitude and 760 17’  and 760 40’ East longitude . A total of 150 
respondents were selected at random from five sub-divisions of the district. 
 

II 
 

METHODOLOGY 
 
Due to the multidimensional character of coir retting impacts (impacts on fishery 

wealth, water quality, air quality, tourism possibilities etc.), their economic valuation 
is carried out using a novel approach put forth by Kwak et al., (2001). This approach 
utilises the value structuring capability of multi attribute utility theory in 
decomposing the value of the impacts to its various attributes. The study relied 
heavily methodologically from this paper. First and foremost, one has to identify the 
attributes or dimensions of the problem at hand in order to value the damages. In the 
case of impacts of coir retting, an initial list is prepared using scientific studies on the 
issue and in consultation with local experts. We reduced the number of attributes 
initially  selected  and  fixed  their best  and worst levels using the information from a  

 
TABLE 1. ATTRIBUTES IDENTIFIED OF COIR RETTING ACTIVITY  

 
Sl.  
No. 
(1) 

 
Attribute 
     (2) 

 
Unit 
(3) 

Best 
level 
(4) 

Worst 
level 
(5) 

1. Damage on fishery: Annual percentage of fish production loss Per cent 0 50 
2. Tourism damage: Annual decrease in visits of tourists/relatives 

in the area 
No. of visits 0 100 

3. Public morbidity (a): Annual increase in number of persons 
suffering from respiratory problems 

No. of persons 
per thousand 

0 200 

4. Public morbidity (b): Annual increase in number of persons 
suffering from eye diseases 

No. of persons 
per thousand 

0 150 

5. Public inconvenience: Annual increase in foul smell (H2S) 
concentration) 

Per cent 0 10 

6. Groundwater impact: Annual increase in number of persons 
suffering from water quality related diseases like skin allergies 
and stomach disorders 

No. of persons 
per thousand 

0 100 
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pilot survey. Table 1 highlights the final list of six attributes of the coir retting in the 
study area. It is identified that lost fishing opportunities, reduced tourism revenue, 
increased prevalence of respiratory diseases and eye infections and inconvenience 
due to foul smell due to hydrogen sulphide emissions as well as reduced groundwater 
quality are the major dimensions that characterises the undesirable impacts of the 
retting activity. Table 1 also provides the best and worst levels selected for these 
attributes.  

The respondents were asked to identify the most and least preferred levels of the 
six selected attributes. It has to be with in the best and worst level given in the table. 
They were also informed about the current level also so that they can take a reference 
level.  The relevant visuals were provided to guide the decision. Then the next task is 
to rank the attributes followed by weighting of the attribute.  The most relevant 
attribute is weighted with 100 and others with weights indicating the preference order 
of the respondent. The chart below gives the sample of the weighting table. This 
information is later used to elicit monetary values for each attribute. 

 
RANKING AND WEIGHTING TABLE FOR THE ATTRIBUTES 

 
Rank    
(1)                                  

 Weight 
(2) 

(1)______________   
(2)______________   
(3)______________   
(4)______________   
(5)______________   
(6)______________   
   

 
Taking the assumption that the set of attributes are orthogonal, following Kwak 

et al., (2001), we take a linear utility function,  
 
U = α1u1(Q1) + α2u2(Q2) + ··· + αnun(Q6)                                           .… (1)                                 

 
where αi is a scaling parameter that indicates the relative contribution to the overall 
utility (U) for a certain change in the performance of the Qi and satisfies 

. The latter condition ensures that U is arbitrarily scaled from zero to 
one, and ui(Qi) is the single utility attribute function evaluated at the specific level of 
attribute Qi ( Kwak et al., 2001). 

The aim of the study is to put the economic values for the multiple dimensions of 
the external effect associated with retting activity and hence the monthly willingness 
to pay for improving the most preferred attribute from the least preferred to the most 
preferred level is asked. In addition a separate question on the respondent’s 
willingness to pay for changing all the six attributes to the preferred level is also 
posed. We estimate the willingness to pay (WTP) for each attribute using least 
squares estimation. The variables used in the estimation are defined as: 
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EXPOSURE : Dummy for the respondent’s or his/her family’s or relatives’ 
having suffered from diseases related to pollution due to coir 
retting (1=Yes; 0=No) 

GENDER : Dummy for gender (1=Male; 0=Female) 
MARRIAGE : Dummy for marriage (1=Married; 0=Unmarried) 
AGE : Age of the respondent 
EDUCATIO

N 
: Education level of the respondent (from 0=Lowest to 

17=Highest) 
YEARS : Number of years respondent has been a resident of that area 
INCOME : Total monthly household income  
D1 : Dummy for the most important attribute being tourism 

damage (1=Yes; 0=No) 
D2 : Dummy for the most important attribute being public 

morbidity A (1=Yes; 0=No) 
D3 : Dummy for the most important attribute being public 

morbidity B (1=Yes; 0=No) 
D4 : Dummy for the most important attribute being public 

inconvenience (1=Yes; 0=No) 
D5 : Dummy for the most important attribute being ground water 

impact (1=Yes; 0= No). 
 

Two alternative models are estimated. In Model 1, the most important attribute 
for each respondent is identified by a dummy variable. In Model 2, no dummy 
variables are assigned.  

 
III 
 

RESULTS 
 
During the face to face interviews, it was clear that the respondents are well 

aware of the issue at hand and its various dimensions. All the respondents 
successfully provided the quantitative judgments for the valuation exercise. Overall, 
the multi-attribute elicitation procedures were well within the respondents’ abilities. 
Most of the respondents selected the most and least preferred levels of the attributes 
as the end point to end point group. About 20 per cent of the people selected interior 
values as their most and least preferred levels. In the case of rankings given, 44 per 
cent of respondents ranked impact on ground water quality as the first important 
attribute. Public inconvenience due to foul smell got the second preference. Sixty 
nine per cent of people ranked this aspect in top two in the ranking order. In addition, 
the respondents successfully weighted the attributes consistent with the ranks despite 
the fact that this task required more time than ranking tasks. The descriptive results of 
the exercise are given in Table 2.  
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TABLE 2. RANK PATTERNS AND WEIGHTS ASSIGNED 
 

 Number of respondents by rank Rank Weight 
Attribute 
(1) 

First 
(2) 

Second 
(3) 

Third 
(4) 

Fourth 
(5) 

Fifth 
(6) 

Sixth 
(7) 

Total 
(8) 

Mean 
(9) 

SD 
(10) 

Mean 
(11) 

SD 
(12) 

Damage on 
fishery 

  3   2   7 16 47 25 100 4.77 1.14 50.2 20.21 

Tourism 
damage 

  1   7   6 14 28 44 100 4.93 1.27 48.8 19.94 

Public 
morbidity A 

13 23 40 19   1   4 100 2.84 1.15 74.9 16.28 

Public 
morbidity B 

2 3 15 35 20 25 100 4.43 1.22 55.4 19.72 

Public 
inconvenience 

37 32 19   9   2   1 100   2.1 1.12 84.5 17.43 

Ground water 
impact 

44 33 13   7   2   1 100 1.93 1.09 87.55 14.50 

Total 100 100 100 100 100 100 100     
 

IV 
 

MONETARY VALUES FOR ATTRIBUTES 
 

Following Kwak et al., (2001), the procedure to elicit the monetary values for 
individual attributes is carried out. Here the contribution of each attribute to the 
utility function is taken into account.  Table 3 illustrates the elicited values and their 
confidence intervals. The average WTP amount for all six attributes was Rs.101.15 
per month ($25.2/year). The individual WTP’s of the different attributes were 
Rs.21.06 for health impact of groundwater quality, 20.88 for foul odour emanating 
from retting of husks, 19.43 for respiratory illness, 14.04 for eye diseases, 13.23 for 
fishery production losses and 12.51 for tourism related impacts. 
 

TABLE 3. MONETARY VALUES FOR RANGE OF ATTRIBUTES 
                                                                                                                                              (Rs.) 

Attributes  
(1) 

Mean 
(2) 

Median 
(3) 

S.D. 
(4) 

Damage  on fishery 13.23 5.40 18.67 
Tourism  damage 12.51 5.19 17.08 
Public morbidity A 19.43 8.05 23.24 
Public  morbidity B 14.04 5.96 16.46 
Public  inconvenience 20.88 9.03 23.35 
Ground water impact 21.06 8.95 23.31 
Total          101.15            42.58 122.11 

 
As already explained in the methodology section, two WTP questions were asked 

to the respondents, first about the most important attribute and a second about all six 
and estimated WTP equations by applying least squares estimation. Table 4 reports 
the estimation results. Two alternative models are shown. In Model 1, the most 
important attribute for each respondent is identified by a dummy variable. In Model 
2, no dummies are assigned.  
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TABLE 4. REGRESSION RESULTS OF WTP EQUATIONS BY OLS ESTIMATION 
 

Variables 
(1) 

Model 1a 
(2) 

Model 2a 
(3) 

Constant  235.60(4.30)*** 213.79(4.09)*** 
Exposure   79.38(4.59)***  78.52(4.56)*** 
Years                       0.36(0.64)                0.54(1.02) 
Gender 34.34(1.98)**              34.14(1.97)** 
Marriage                     -5.78(-0.40)               -3.91(-0.28) 
Income     0.01(9.79)***    0.01(9.65)*** 
Education  -1.93(-1.47)* -2.16(-1.66)* 
Age      -2.73(-3.60)***     -2.90(-3.83)*** 
D1                  -15.40(-0.33)  
D2                   -32.51(-1.27)  
D3 1.95(0.05)  
D4                    -46.28(-1.94)  
D5                    -32.87(-1.39)  
R2                       0.91                  0.90 
Adjusted R2                       0.89                  0.89 

t-statistics are shown in parentheses after the coefficient estimates. *, **,*** indicate significance at the 10, 5 
and 1 per cent level, respectively. 

 
The results indicate that the variable ‘exposure’ is positive and significant at 1 per 

cent level. That means if a respondent or his/ her family or relatives have suffered 
from any diseases related to pollution, their WTP is significantly higher. Gender is 
also significant at 5 per cent level indicating that male respondents are willing to pay 
more than female respondents. The age of the respondent has a negative relation to 
the WTP. This implies that the younger generation is more willing to pay than the 
older generation. Finally, the household income is also strongly positively related to 
WTP. It is a reflection of the fact that the respondents were well aware of their 
income constraint.  

 
V 
 

SUMMARY AND CONCLUSIONS 
 
The study has documented the major negative externalities of the coir retting 

where air and groundwater pollution were the major ones. Health conditions reported 
due to pollution in the area were respiratory diseases, eye diseases and skin allergies. 
In order to systematically elicit the monetary values, the different attributes of the 
pollution due to coir retting were identified, their most and least preferred levels were 
determined which were subsequently ranked and weighed in addition to asking for 
their willing to pay per month to improve the identified environmental and health 
conditions. The order of preference of their attributes was ground water impact, 
public inconvenience, public morbidity A, public morbidity B, damage on fishery and 
tourism damages. All the respondents were willing to contribute an amount towards 
improving environment which showed the severity of pollution. The variables such as 
age, exposure to diseases, gender and income had a significant effect on the WTP 
amount.  The average WTP amount for all six attributes was Rs.101.15 per month. 
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The individual WTP’s of the different attributes were Rs.21.06, 20.88, 19.43, 14.04, 
13.23, 12.51 in their ranking order. The exercise prove that the multiple dimensions 
of the damage created by the polluting activity can be measured even under 
developing country conditions and can subsequently be integrated to the policy 
framework.   
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