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THE ECONOMICSOF BIODIVERSITY CONSERVATION: A STUDY INA
CorFrFee GROWING REGION OF I NDIA

ABSTRACT

This paper andyses the economics of biodiversty consarvation in the context
of a tropicd fores ecosysem in India, where coffee is the main competitor for land
use. Usng primary data covering a crosssection of coffee growers the study notes
that the opportunity costs of biodiversty consarvaion in terms of coffee bendfits
foregone are quite high. Even after induding externd costs due to wild life damages
and defensve expenditure to protect againg wild life, the NPVs and IRRs from coffee
for dl land holding groups were high. Even if the expected benefits were to decrease
by 20% and cods rise by a dmilar proportion, dill the IRRs from coffee were quite
high (195 to 20.1 per cent). The study notes that the externd costs accounted for
between 7 to 15 per cent of the totd discounted costs of coffee cultivation, and
gndler holdings proportionatdly incurred higher externd costs as compared to large
holdings. The study aso notes high transaction cods incurred by the growers to dam
compenstion for wild life damages  Notwithsanding these disncentives, the sudy
notes that the locd community were willing to pay in tems of time for paticipaory
biodiversty consarvaion, and they preferred a decentrdized government inditution

for this purpose.

Key WORDS
Biodivergty conservation, Coffee benefits and costs, Externd and transaction
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THE ECONOMICSOF BIODIVERSITY CONSERVATION: A STUDY INA
CorFree GROWING REGION OF | NDIA

INTRODUCTION

Biodiversty consarvation is receiving condderable atention in research and
policy drdes in recent years, egpecidly after the 1992 Rio Eath Summit.  This is
because biodiversity loss has both human ad non-human impacts as wel as inter and
intragenerationd impacts  Hence, the need for consarving biodiversty is obvious
The developing countries are rich in biodiversty, but this is dedining a an darming
rate. The divergence between private and socid discount rates and the falure to
cgpture the globd vadues of biodiversty, goat from proximaie and fundamenta
causes explan why biodiversty loss is taking place (Pearce and Moran, 1994,
Perings, 2000; Swanson, 1997). Although the benefits of biodiversty conservation
accrue to the locd and globd community a large, the costs are most often borne by
the locd community who depend on forests for various goods and services (Pearce
and Moran, 1994; Shyamsundar and Kramer, 1996; 1997).

Pdlicies for consarving biodiversty, however, depend upon the percaved
cods and benefits of biodivergty consarvation.  This necesstates a comparaive
asessment of the benefits of biodiversty conservation vis-avis the benefits foregone
from dternate uses. In the context of tropicad forests, which are the most important
ecosystem type from the viewpoint of globd biodiversty, this involves a comparison
of the bendfits of biodiversty consarvaion vis-avis the dternate land use options of
tropica forests, such as for agriculture, anima husbandry, tourism, recregtion, etc.
However, an assessment of the benefits of biodiversty conservaion as agang
dtenae land use options poses problems snce many environmentd goods and

savices are not traded or difficult to measure,

In this paper an dtempt is made to anadyse some aspects of the economics of
biodiversty consarvaion in the context of a coffee growing region in the tropicd
forest ecosystem of India The Western Ghat region in Southern India which is one of
the eighteen biodiveraty hotspots in the world is the sdting for the present Sudy. The
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Wegern Ghats cover an area of 0.16 mil.sg.km. with eevations of 6000m and above.
About a third of the geographicd area of the Western Ghats is under forests of diverse
types — evergreen to semigreen forests, moist to deciduous forests, etc.  This region is
rich in biodiversty and is a tressure house of severd known and unknown flora and
fauna, induding severad in the endangered lig such as the lion-taled macague, four-
horned antdope, fishing ca, etc. Due to demographic and economic pressures,
maket falures and ingppropriate policies, the biodiversty of the region is in various
dages of degradation and therefore needs to be conserved through appropriae
policies A knowledge of the incentives and disncentives for biodiversty
consavaion operating a the locd leve, will hdp in devisng gppropricie drategies
for biodiversity conservation.

OBJECTIVES
In the light of the above, the specific objectives of the paper are asfollows-

1 To edimate the opportunity cost of biodiversty consarvaion in terms
of the coffee benefits foregone.

2. To asess the externd codts borne by the locd community due to wild
life conservetion.

3 To andyse the households Willingness to Pay for Paticipaory
Biodiversty Consarvaion and the socio-economic and other factors

influencing the same.

DATA AND METHODOLOGY
The dudy is based on a sample survey of 125 households located in Mddari

village of Kodegu Didrict, India This village which is located in the vicinity of a

resrve foret and dso has over a third of its geogrephicd area under forests, and
where coffee is dominant (covering 42% of the village area) and humananimd
conflicts congpicuous is idedly suited for this gudy. Households in the village were
liged and gdratified into four land holding categories (i.e, beow 25 acres, 25 to 5, 5
to 10, and, 10 acres and above) and then 30 per cent of the households in each stratum
were sdected on random sample bass. Daa were collected in the year 2000 through
a ddaled dructured schedule comprisng two parts, a socio-economic survey and a
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Contingent Vduation survey. For the CVM sudy, the discrete choice method which
seeks dmple ‘Yes or ‘No answers to an offered bid is used. The discrete choice
method was preferred over other methods (eg. open-ended method) because of its
inherent advantages such as this method would be essier for villagers to react to the
questions, households could respond kegping some budget or condrant in view, i.e,
the upper bounds on bids coud be controled; dso this method minimizes any
incentive to drategicaly over-state or under-state WTP (Loomis, 1988; Moran, 1994).
Dichatomous choice methods reguire the use of parametric (typicdly logit or probit)
probability modds reaing ‘Yes or ‘No° regponses to reevant socio-economic and
other variadbles. Opportunity cost method and cos-benefit gppraisd have been used to
edtimate the benefits from coffee  In addition, trend andyds averages and
proportions have been used to andyse the data

THE OPPORTUNITY COST OF BIODIVERSITY CONSERVATION
Coffee is the main competitor for land use in the sudy region. An idea of the

comparative economics of coffee visavis forex production in the sudy region is
avalablein Table 1.

Table 1: Trendsin Coffee and Forest Area and Coffeeand Timber Pricesduring
196061 to 1999-2000: For Kodagu Didrict and All India

Period Kodagu Didtrict (India) All-India
Coffee Forest Ratio of Coffee Timber Ratio of
Area Area Coffeeto Price Price Coffeeto
Forest Area Timber
Price
Pre-1980 267* -0.15"® 293¢ 564* 9.06* -348*
Post-1980 310¢ -0.00003* 313 12.16* 6.71* 546*
Ovedl 2.74* -0.0001™ 277+ 797+ 10.70* -2.74*
Period
Note 1. Overdl Period: 1960-61 to 1999-2000; Pre-1980 period — 1960-61to
1979-80; Post-1980 period — 1980-81 to 1999-2000
2. * - dgnificant a 1 per cent leve of Sgnificance; ns — not Setigticaly

sgnificant even & 10% levd.



Ove the forty year period 196061 to 1999-2000, while coffee area regisered a
sgnificant increese in Kodagu didrict, foret aea recorded negaive trends.  Both
coffee and timber prices recorded sSgnificant increases during this period with timber
prices riang fader than coffee prices. However, the periodwise trends are more
reveding. During the pos-1980 period, while coffee area rose fagter than in the
ealier period, foret aea recorded a dgnificant decline More interesting, while
during the pre-1980 period coffee prices grew dower than timber prices in the
subsequent period this trend got reversed with coffee prices risng faster than timber
prices. It is this factor which acts as an incentive to grow coffee in preference ©
biodiversty conservation.

To as=ss the foregone coffee benefits, we need to compute the Net Present
Vdues (NPV) of coffee. In the study area, two varieties of coffee, viz., Arabica and
Robusta are grown. Although per acre yidds of Arabica coffee are less than that of
robugta coffee, prices of arabica coffee are much higher than that of robusta coffee.
The edablishment cods of coffee incdude cogt of renovation pits contour drains,
planting and cos of seedlings.  In addition, there are fixed codts by way of irrigation
invesments and fencing costs. The recurring costs incude materid cods such as
fatilizers manure and pedticides, labour cogts for goplying fertilizers manure and
pesticides, repars and maintenance, and supervison, etc. Ater coffee begins to yied
(from the sxth year), there are recurring cods towards coffee picking, pruning coffee
bushes and drying. Common cods such as irrigation and fencing investments, taxes,
efc., have been gpportioned in terms of the relative share of coffee in the gross sown
aea. Thee are ds0 externd codts incurred by the coffee growers by way of wild life
damage cods, and defengve expenditure incurred to protect againg wild life attacks.
These externd cods are assumed to arise during he entire life span of the crop. The
benefits and costs are expressed in 1999 prices, and the life span assumed for coffee
in the andyss is fifty yers. NPVs have been computed a three dternate discount
raes, 8, 10 and 12 per cents. In addition, we have two sets of edimates, one excdudes
the external cogs incurred by the coffee growers, and the other includes these externd
cogs Table 2 presents the NPVs and IRRs for coffee by land holding categories.



Table 2 Net Bendfits from Coffee Excluding and Including External Cogsin
Maldari, India (for cash flows summed up over 50 yearsat 1999 prices)

Land Holding Exduding Externd Codis Induding Externd Codts
Classin acres Net Present Vduein IRR Net Present Vduein IRR
000 Rs. per acre % 000 Rs. per acre %
8% 1% 1% 8% 1% 12%
(Discount Rates) (Discount Rates)
Bedow 2.5 547 361 237 182 449 281 170 16.6
25t05 506 403 276 201 494 321 206 18.2
5t010 1297 901 637 219 1238 853 597 21.3
10andAbove 2121 1510 1102 233 2060 1461 106.1 23.0
ALL 1949 1385 1008 232 1835 1333 964 22.9

Note Externd Costs— Wild Life damage costs and defensive expenditures to protect
againg wild life attacks.

Teking dl fames together the NPVs from coffee excluding externd codts range
between Rs100.8 thousand to Rs194.9 thousand per acre, and Rs96.4 thousand to
Rs1885 thousand per acre when extend costs ae dso included. Across land
holding categories too these NPVs ae postive and high bath exduding and induding
the externa costs. Even dfter including extend coss the IRRs from coffee for
different land holding categories range between 166 to 23 per cent. A sengtivity
andyss of the net bendfits from coffee under dternative assumptions reveded that
even if expected coffee benefits were to decrease by 20 per cent, and costs were to
rise by 20 per cent, the NPVs and IRRs from coffee are ill quite high and sgnificart,
with the IRR ranging between 19.5 to 20.1 per cent (see Table 3). This implies that
the opportunity cost of biodiversty conservation in terms of coffee benefits foregone
are quite high. The estimates presented above should be consdered as a lower bound
of the bendfits foregone by the coffee growers snce coffee is grown dong with

severd other crops like pepper, citrus fruits, c.



Table 3: Sengtivity Analyss of Net Benefits from Coffee under Alternative
Assumptions. Maldari, India (for cash flows summed up over 50 years

at 1999 prices)

Assumption Exduding Externd Cods Induding Externd Codts
Net Present Vaduein IRR Net Present Vauein IRR
000 Rs. per acre % 000 Rs. per acre %
8% 10% 12% 8% 10% 12%
(Discount Rates) (Discount Rates)

Full expected 1949 1385 1008 232 1835 1333 96.4 229

Bendfits, net of

costs

Assuming 20% 2499 1793 1321 243 2434 1741 1277 24.0

increase in

Bendfits

Assuming 20% 1400 977 694 217 1336 924 65.1 21.2

decreasein

Benefits

Assuming 20% 2109 1516 1119 245 2057 1474 1084 24.2

increase in Costs

Assuming 20% 1790 1254 896 220 1713 1191 84.3 215

decreasein Cods

Assuming 20% 1241 846 583 201 1163 78.3 53.0 195

decreasein

Benefits, and 20%

increase in Cods

EXTERNAL COSTS
Locd communities are affected the most by the cods of conservation

(Shyamsundar and Kramer, 1996; 1997). As noted ealier, coffee growers incur costs
of consarvaion due to damages caused by wild life, and defensve expenditures to
protect againg wild life. On an average these externa costs were Rs527.7 per acre
during the reference year (Table 4).



Table4: Particulars of External Cogts (Wild Life Damage cogts and Defensve
Expendituresto Protect againg Wild Life) incurred by Coffee Growers
during 1999-2000: Maldari, India

LandHdding  WildLife WildLife Tota Totd* Tota Externd*
Classinacres Damege  Preventive Externd Externd Codts (discounted
Costs Measures  Costs Cods vaues)
(Discounted  as % of Totd
(Rs. per acre) valuesat Discounted Costs
12%) of Coffee
(Rs. per acre)  Cultivation
Below 2.5 6718 1313 8031 6669.3 150
25t05 6315 201.2 832.7 6915.7 157
5t010 3325 1504 4829 4010.8 6.3
10 and Above 290.2 204.8 4950 41105 6.7
ALL 3312 1965 5271.7 4381.6 7.3

* discounted vaues for cash flows summed over 50 years

Interegtingly, these externd costs were higher among smdler holdings upto 5 acres
This is because many smdl holdings ae locaed ather near or within the forest
boundary where the intengty of wild life attacks is more pronounced. On an average,
these externd costs (discounted vaues) account for about 7.3 per cent of the totd
discounted costs of coffee and goes upto 15 per cent or more among smdler holdings
of upto 5 acres. However, as noted dready, the net benefits from coffee even after
induding these externd cogts are postive and high among al land holding categories.

In order to give an incentive to locd communities to conserve biodiversty the
Sae i.e, Foret Depatment, has a mechaniam to compensate the locd communities
for damages caused by wild life. However, as evident from Table 5, the transaction
cods to cdam this compensation are too high and acts as a disncentive to the locd
community to support biodiversty conservetion efforts.



Table5: Particularsof Compensation daimed for Wild Life Damages and
Transaction CodsIncurred to daim Compensation by Sample
Househads during 1999/2000: in Maldari, India

LandHolding Per cent Amount  Amount Transaction Cost for claiming
Classinacres of of received compensation
Sample compen
House- sation No.of  Costof  Totd Total"
holds damed Trips Timein Expendi - Expen
whofiled madeper termsof  ture RY diture per
dams (Rs. per reporting reporting  income reporting Rupee of
for household) household foregone*  household compen
compen sation
sation realized
Bdow 25 51 1833 350 73 735 450 34
25t05 28,6 7167 20 6.3 877 1392 134
5t010 26.7 5125 125 47 1540 1175 217
10andAbove  50.0 16733 1167 41 2239 1504 32
ALL 224 11429 685 50 1163 1320 36

* Assuming that one trip to the loca forest office requires one humandays work
+ Totd Expenditure here includes totd expenses actudly incurred plus cogt of timein
terms of income foregone for trips made to pursue the compensation daims.

The average amount of compensation damed was Rs11429 per reporting household.
The amount actudly received a the time of the survey was only Rs685 per reporting
household (i.e. 6% of the totd amount clamed) for which the coffee grower incurred
an average expenditure of Rs1320 plus an average of five trips per reporting
household valued a Rs1163 in terms of the income foregone, to vigt the locd forest
office to pursue ther compensation dam. In othe words, for every rupee of
compensgtion actudly redized, the coffee grower spent Rs3.6 incuding the vaue of
time (trips made) in terms of the income foregone  Interettingly, while large holding
with 10 acres and above spent Rs3.2 pear rupee of compensation redized, among
holdings of bdow 10 acres these expenditures are condderably higher, i.e, Rs34 to
Rs21.7 per rupee of compensation actudly redlized, which suggeds that the costs of
consavaion bomne by smdler holdings in this respect is much more than larger
holdings However, it may be noted that small famers in paticular, get tangible
bendfits like nontimber forest products which is an incentive for conservation.

VALUING PREFERENCES FOR BIODIVERSITY
Notwithstanding the disncentives and costs borne by the locd community for
biodiversty consarvaion it is heatening to note that a mgority of the sample
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households had a pogtive atitude towards biodiversty consarvaion in generd and
wild life protection in paticular. Asked to rank the ressons for biodiversty
consarvaion, mgority of the houscholds (i.e, 36%) assgned fird rank to its
importance for future generations, followed by its livdihood function (26%), and its
ecosystem functions (25%). Asked to rank the reasons why eephants, a keystone and
threatened species in the sudy region need to be conserved, mgority of the
households emphasized its exigence rights, its aesthetic vaue, its livdihood functions
and option vaue (eg. devdop new drugs). Contingent Vduation Method (CVM) has
been widdy used to vdue public goods like biodiversty. What it redly measures is
peopleé's vaue preferences for biodiversty conservation. Hence, an attempt is made
here to edimate the locd community’'s Willingness to Pay (WTP) in terms of
Spending Time for Paticipaory Biodiversty Consarvation.  For the CVM  sudy,
eephants, a keysone and threatened species in the sudy region was taken up for an
indepth case sudy. They have a dgnificant impact on plant compostion due to ther
large and varied diet, ther physcd impact on their surraundings and ther ability to
move large digances (Menddsohn, 1999). From the conservaionid's perspective,
this focus is rationdized by the frequently inssparable nature of the subject good from
its biogphere and supporting species links  In other words, the purchase of a good
offered in a CV exeacdse often implies purchese of a complementary bundle of
biodiversty (Moran, 1994). In conducting the CVM survey dl the guiddines
suggested by the NOAA Pand (1993) in the USA were taken into account (i.e., pre-
teting of sthedules canvassing through persond interview, sufficent sample Sze,
elc). The respondents in the sample village were asked (usng discrete choice
method) to indicate the time they were willing to spend for Paticipatory Elephant
Consarvation like participating in  environmentd  awareness  campaigns,  voluntary
labour for dephant trenching, etc. Table 6 indicates thet, on an average, the sample
households were willing to spend 258 humandays per household annudly for
participatory eephant consarvaion. In terms of the income foregone this worked to
over Rs6000 per houschold per aanum. This figure varied podtivey with fam sze
due to income differentids across different land holding group.
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Table6: Willingnessto Pay in Termsof Timefor Particpatory Elephant
Conservation: Maldari, India

LandHadlding Willingnessto Pay in terms of time Opportunity Cogt of Timein
Classin acres for Participatory Elephant terms of Income Foregone
Consarvetion
Hours per Humandays per (Re/household/ annum)
week per household per
household annum
Bedow 2.5 381 24.76 2491.84
25t05 4.90 3185 4435.08
5t010 367 2385 7817.16
10 and Above 3.76 2444 13346.32
ALL 397 2580 6003.40

To evaduate the variables influencing the respondents ‘Yes or ‘NO’ responses,
a logit modd was used. The definition and summary datigtics of the variables used in

the logit function are indicated in Table 7.

Table 7: Definition and Summary Statigtics of Independent Variables used in

Logit Function

Vaidde Minimum Maximum Mean Standard
devigtion

Land Holding in acres 0.03 8200 713 1283

Household Sze 1.00 1100 512 2.18

Satler (dummy varigble where 0.00 1.00 0.52 050

settler = 1; otherwise 0)

Age of Respondert 1500 86.00 44.38 1362

Education of Respondent 1.00 6.00 295 150

Decentralised Government 0.00 1.00 0.68 047

Inditution — DGO (dummy
variablewhere DGO = 1;
otherwise 0)

Table 8 which presents the Maximum Likdihood Edimates of the parameters in the
logit function suggests thet land holding and educaiond leves are negativedy and
sgnificantly rdated with the dependent varidble  This indicates tha bigger land
holdings have less probability to sy ‘Yes to spending time for participatory
consvation, and 0 ds0 educated people.  As noted earlier, the (externd) cods of
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consavaion and transaction cods incurred by smdler holdings was higher than for
larger holdings which explains why they are more likdy to say ‘Yes to the WTP bid.
Interegtingly, the sdtler vaiable is postive and dgnificat which indicates theat
stlers  (unlike migrants) have high probability to say ‘Yes to spend time for
paticipatory elephant conservation. The results dso show that there is a dear
preference fa  decentrdized government organizations (DGO) for participatory
consarvaion among the regpondents as agang  other inditutiond  dterndives,
posshly because they fed that trangparency, accountability and sense of participation
is better under a decatrdized government set up for paticipatory biodiversty
consavaion. The edimated modd is highly sgnificant with a likelihood retio test of
the hypothesis tha the 6 coefficients are zero based on a chisquare vaue of 24.94.
The likdihood ratio index is 022 (andogue to R? in OLS) which is a good fit for
cross section data. The per cent correct prediction is 86.29.

Table 8 Maximum Likdihood Egimates Usng Logit Modd of Willingnessto
Pay (i.e, Spend Time) for Particpatory Elephant Conservation:

Maldari, India
Vaidie Codfficient Standard Error t-ratio
Congant 2835 ** 1480 1916
Land Holding -0.042+** 0022 -1.8%4
Household Sze -0029™ 0135 0213
Settler 1.398** 0607 2303
Age of Respondent -0.009™ 0020 0464
Education of Respondent -0452%* 0199 -2.270
DGO 1.016%** 0585 1737
Likdihood Ratio Index - 022
Chisguared (6) - 2494
Per cent Correct Prediction - 86.29
Significance Leve - 0.0003
No. of observations - 124

Note: **, *** - indicates gatigticaly sgnificant a 5 and 10 per cent leves of

ggnificance, ns— not datidicaly sgnificant a the above leves of

sgnificance.
CONCLUSION

The opportunity cods of biodiveraty conserveion in terms of coffee benefits
foregone is quite high. Even after induding extend cods, the net benefits from

coffee are high, with the IRRs ranging between 16 to 23 per cents If expected
12



benefits were to fal by 20 per cent and cods rise by a Smilar percentage the NPVs
and IRRs from coffee are dill quite high and sgnificant with the IRRs ranging
between 195 to 20.1 per cent. The study shows tha the externa costs incurred by the
coffee grower due to wild life consarvaion ae quite ggnificant and account for
between 7 to 15 per cent of the tota discounted cods of coffee.  Interestingly, smdler
holdings incurred higher externd cogts than larger holdings Though the State hes
been opeaaing a scheme to compensste famers for wild life damage costs the
andyds shows that not only are the transaction cods to cdam this compensation too
high but aso holdings beow 10 acres proportiondly incurred higher transaction cods
for daming this compensation, which ads a a digncentive to biodiversty
consarvation.  The fact that coffee prices have risen fagster than timber prices after
1980 is a further digncentive to biodivergty conservetion.  Notwithdanding these
digncentives, it is heartening to note that the locd community had a pogtive atitude
towards biodiversty conservation and expressed ther Willingness to Pay in terms of
time for Paticipaory Elephant Consarvetion. Mog interesing is that the locd
community expressed a clear preference for decentrdized government inditutions fa
participatory  biodiversty conservetion. This suggests tha a decentrdized and
paticipatory based draegy for biodiverdty consarvaion promises to be more
effective than other indtitutiona aternatives.
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