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ABSTRACT

ustainability is a key factor in ensuring coastal and marine resource management. However, achieving as well as assessing
the sustainability is not an easy task. Complexities and controversies surrounding its concept hinder practical usefulness

of using some methodologies of measuring sustainability. This paper attempts to employ a different approach of assessing
the sustainability of coastal and marine resource management through cost- benefit analysis combined with Data Envelopment
Analysis (CBA-DEA). In this paper, non-monetary as well as monetary indicators are used to measure the benefits and costs
associated with coastal projects. Using Cilacap, Central Java, asa study arca, the paper explores the benefic that could be secured
from integrated coastal management projects as well as the costs that must be borne by stakeholders.

Keywords: ICM sustainability, CBA-DEA approach, Segara Anakan-Cilacap.

INTRODUCTION ery sector, excessive fishing effort had also led to
biological as well as economical over fishing in some
Indonesia’s marine and coastal resources play ~ parts of the coastal areas. Study by Fauzi and Anna
an important role in the economy of Indonesia, par-  (2002), for example, have shown that the fishery
ticularly, for coastal areas. The contribution of the  resources in the north coast of Java had depreciated
marine and coastal related activities was estimated  as much as Rp 20 billion per year, which is equiva-
to be more than 25% of the Indonesia’s Gross lent with the forgone benefits had the resource been
Domestic Product (DKP, 2002). The marine and managed in sustainable manner.
coastal resources provide an important source of Efforts by the government of Indonesia to
income and employment for those living in coastal  manage its coastal and marine resources in a sus-
and rural areas. In addition, one of these resources, tainable manner were limited due to the lack of
the fishery, has been a critical source of affordable  financial resources and lack of institutional capac-
animal protein for the majority of coastal inhabit- ity both at national and regional levels. The recent
ants. establishment of a national ministry concerned with
With rapid economic development during the the management and the development of marine
80s and early 90s, these resources, however, are un- and coastal resources, and the implementation of
der tremendous pressures due to several factors several coastal and marine resource projects sup-
which contribute to the unsustainable use of the ported by foreign donors alone, are not enough to
resources. Excessive extraction of coastal and ma-  capture the breadth and complexity of marine and
rine resources was rampant and had led to deterio-  costal resources problems. Even though, invest-
ration of these resources. Unsustainable practice of ments in coastal management projects have reached
coral fishing, for example, had destroyed much of more than US $ 400 million, few of these projects
the coral reefs in the country. It is estimated that sustain once the funding ceases (Sofa, 2000). With
only 20% of Indonesia’s coral reefs are in good con- regard to marine and coastal management, there-
dition (Hopley and Suharsono, 2000). In the fish-  fore, there are two questions of sustainability that
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must be addressed. One is dealing with the
sustainability of marine and coastal resources and,
two, with regard to the sustainability of the marine
and coastal project.

Assessment of sustainability of the ICM
projects will undoubtedly encompass many dimen-
sion of the sustainability. These include ecological
sustainability, socio-economic sustainability, com-
munity sustainability and institutional sustainability
(Charles, 1994). Given this complexity, it is diffi-
cult to assess the whole range of sustainability of
the ICM project without reducing its curse of di-
mensionality. Toman et al (1998), for example,
noted that the difficulty of measuring the relation-
ship between sustainability and economic well-be-
ing is still being a substantial debate among econo-
mists. In particular, whether one should use mon-
etary or non-monetary indicators to measure the
sustainability, and whether sustainability assessment
should include the physical and spatial scale over
which sustainability is assessed. Toman (1998) and
Pezzey and Toman (2002) also noted that the no-
tion of sustainability and its assessment embodies
deep conceptual ambiguities, which can not be
solved easily due to serious theoretical disagreement
about the interaction of human with their envi-
ronment.

Due to these complexities of assessing the
sustainability of both resources and the projects, in
this paper, the assessment of the sustainability will
be embedded into economics of sustainability. That
is, both sustainability of the resources and the project
will be captured by the benefits and costs associ-
ated with marine and coastal management using
both non-monetary indicators and monetary indi-
cators. Therefore, if the ICM project is assumed to
be sustainable, it will be embodied in its perfor-
mance indicators. To do this analysis, a different
kind of cost-benefits analysis will be employed.

COST-BENEFITS ANALYSIS: AN
OVERVIEW OF CONVENTIONAL
WISDOM.

Since its birth in the early 1960s, cost benefir
analysis, or CBA for short, has been widely used to
assess the feasibilicy of a project. It is used as a prac-
tical way of assessing the usefulness of projects, both
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public and private. Several terminologies are used
to describe this technique. These include cost-ef-
fectiveness analysis, benefit-cost analysis, systems
analysis, or merely analysis. Regardless the termi-
nology that one uses, the CBA is basically refer to
the process of assessing the objectives and alterna-
tive means of achieving them using theory, dara,
and models (Womer et al, 2002).

During early 1970s, with the rise of environ-
ment movement, the use of conventional cost-ben-
efits analysis, however, was in serious doubt since
the technique was not adequate to capture the stream
of benefits and costs associated with the flows of
goods and services produced by natural resources.
By the time Lancaster (1967) published a seminal
paper on the new economic theory, the cost benefit
analysis had a new nuance, in which the non-price
atrribute of goods and services can now be incor-
porated into CBA. The term of economic valua-
tion was then widely used to represent this new tech-
nique.

Despite the fact that CBA is a widely popular
tool for assessing the benefits and costs associated
with projects, it is also subject to some criticisms.
Dorfman (1996), for example, noted that one of
the shortcomings in CBA is it tends to reduce all
comparison into single unit namely dollar term.
Therefore, it may loose some crucial information
contained in other measurements. CBA also con-
ceals the degree of accuracy in its analysis. Further-
more, Farrow and Toman (1998) noted that esti-
mates of CBA are “too imprecise and incomplete
to be useful” as well as it neglects equity and effi-
ciency concerns. They further argued that there are
practical as well as methodological limitations to
what the cost benefits analysis can do. Other criti-
cisms also arise with respect to the use of discount-
ing in CBA. In this regard, controversies arise both
in terms of determining the appropriate discount
rate and applying the method to situation where
benefits and costs arise across generations (Farrow
and Toman, 1998).

Due to these limitations, some variants of
CBA such as Cost-Effective Analysis, Extended Cost
Benefit Analysis and Economic Impact Analysis are
now developed. The use mathemartical program-
ming techniques through Data Envelopment Analy-
sis (DEA) combined with CBA is also becoming
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popular. Womer et al, (2002), for example, have
used DEA in their Cost-Benefit Analysis of inter-
state project in Memphis, Tenesse, while Kirkley
and Squires have used DEA technique to measure
the change in fishing capacity in coastal area of the
United States. The use of CBA with DEA approach,
therefore, can at least, remedy the deficiency of con-
ventional CBA in terms of lack of efficiency analy-
sis. Fireetal, (1995) use DEA analysis to asses the
externalities and property right issues which are fre-
quently arise in economics activities. Other appli-
cations of DEA in public sectors are voluminous
(see Emrouznejad and Thanassoulis, 1996 for de-
tail). In fact, in a relatively short period of time,
DEA has become a powerful quantitative, analyu-
cal tool for measuring and evaluating performance
(Cooper et al., 2002). This paper will attempt to
use the DEA technique in line with CBA similar to
Womer et al (2002), and to a greater extent with
Fire et al., (1995) to assess the impact of ICM

projects conducted in Indonesia.
DATA ENVELOPMENT ANALYSIS

Data Envelopment Analysis, or DEA for short,
is a non parametric technique developed by
Charnes, Cooper and Rhodes (1978). DEA is a novel
approach to measure relative efficiency where there
are multiple inputs and outputs available. 1tis based
on a value free method because it is based on data
available without taking into account judgment or
preference from decision makers (Korhonen et
al.,1998). Using DEA one can perform a compara-
tive analysis of alternative policies and projects each
in relation to the complete set of alternatives. These
alternative policies, also known as Deciston Mak-
ing Units (DMU), are rcprcsented into associated
inputs and outputs related 1o the activities. DMU
is simply regarded as an entity responsible for con-
verting inputs into outputs and whose perfor-
mances are to be evaluated (Cooper et 21 2002). In
the original sense, DEA is used to measure the rela-
tive efficiency performance of these decision mak-
ing units. In terms of cost benefit analysis, costs are
analogous to inputs and benefits are analogous to
outputs.
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The structure of DEA is written as follows.
Let there are # DMUs to be evaluated, and let
DM U] to be evaluated be designated as DMU, ,
where o ranges over 1,2,..0, then DEA basically
solves the optimal values of input weights (v)
(i=1,...,m) and output weights (#) (r=1,...,s) as vari-
ables. The formulation is written as:

Hlylo + ulylo ot usyso =

max g =

m
vx., +0x,, Tt 0X o
1™ 10 2720 mme a zvzxw
=1
subject to
E)
3 u Yy
Ta'l My o (1.1)
- £1forj=1l.n
o )
a 01‘\1]

=1

03 0fori=l.m, 1 3 0forr = 1.5

Equation (1. 1) states that the efficiency of tar-
get unit will be maximized subject to the ratio of
weighted output over weighted input is less than 1.
The weighted variation and are calculated opti-
mally by means mathematical programming. One
thing to note, however,that DEA formulation,
which is described in equation (1.1) is in the form
of fractional equation. Hence, to be able to be ana-
lyzed by linear programming, the formulation
should be transformed into a linear form as described
by the following equation:

max g = My, + Y, + ...+ My,

subject to.

iy oYy, Tt X T 1

gyt Yy, + .Y £oxy + IhXy, S (S g

(j= L. )
1y, ey 1 2 0

(1.2)

1, 11y e 71820

Equation (1.2) seeks solutions for maximiz-
ing efficiency of a target unit o subject to efficiency
of other unit must be less than 1. The weighted
variables 7 and 7 are solved numerically using lin-
ear programming as to maximize the efficiency tar-
get as large as possible.
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Since DEA  uses linear programming tech-
nique to solve for optimal weighted variables, it is
sometimes more convenience to usedual approach
to solve the same problem. This is due to the fact
that linear programming allows us to use either pri-
mal or dual to find optimal solutions. Rewriting
equation (1.2) in matrix form as:

max 1,

subject to.
—vw\ +ul £0
v20,1420

w =1
(")

(1.3)

Where # and v are vectors of weights vari-
ables, and are vectors of input and output, respec-
tively.

The primal-dual correspondence of DEA can
then be described in the following table:

Table 1. Primal-Dual Correspondence of DEA

where e = (1,...) is a vector of ones, s and s*
are vectors of slack variables, and 9™ is the optimal
objective value.

Modified DEA

All DEA formulations described above are
dealing with the technical aspect or nonmonetary
measurement of efficiency. In order to capture the
monetary aspect of efficiency so that it can be used
in cost benefits analysis, some variants of DEA
models were developed. One of these models is
additive model due to Cooper, Park and Pastor

(1999). Given monetary unit of prices and costs,
the additive model of DEA-CBA can be written as:

max Zp,_s: + Z“;Sl
r=k =1
"
ZZ‘T,’;/‘&; =5 r=1l..s
w1

subjectto v

Prumal vanable Prmal Constramt | Dual Vanable

vz0 1R =1 o

Tt

AV ) e 0 10

3 1 AT
Where  A=(4.....4,)
vector (transposed):

Using dual variables defined above, the dual
problem of DEA can be written as the following:

is non negative

min ()
subject to Ox ~\VA20
A2z
YAz, (1.4)
420
or equivalently can be written as:
max m=e¢s +os
subjectto s =0y, -\ /A
s'=Y/ -1y,
(1.5)

AZ20. 5 20, 5" 20

X, = Z,\‘!:/l] +s  a=l...m
=
, - (1.6)
OsA.sis” Yigr
Dual Constramt .
Defining
Oy, -Y/20
Yi o =1 — YV
L=t S? .] 7 1 ro
SA = “\z'o - ,\«3‘ (1.7)

As slack variables, the objective equation (1.6)
can then be modified as:

max [Z oy — Z‘“"\.‘ )_(Z e _Z e ]
[ i=1

=) 1=l /

s _\‘,_=Z)',_F),.—-.\‘f r=l.s
re1

X, = Z,\‘_,/l +s7 a=Lom
=l

0</ s .5

Yoo 1.8)

Equation (1.8) is familiar to the economist.
[t simply represents the difference between benefits
and costs associated with different DMUs. In ab-
sent of unit price data, equation (1.8) can be used
as a Cost-Efficiency Analysis of CBA. It can now
be seen that DEA can not only deals with technical
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aspect of efficiency, but also the economic aspect
of efficiency as well. Therefore, the DEA has po-
tential to overcome the shortcomings of the tradi-
tional cost benefit analysis. In fact, as Womer et
al (2002) argued that there is strong believe to
use DEA formulation as method for cost-ben-
efit analysis.

DESCRIPTION OF STUDY AREA

Cilacap is a coastal area located in the south-
ern coast of Central Java. It is in the border be-
tween West and Central Java. Cilacap was chosen
for the study since this area is one of areas under
Indonesia’s Integrated Coastal Management

proj

interior ministry along with other agencies has al-

ects. The government of Indonesia, through the

located budget to develop an integrated manage-
ment plan for sustainable use of coastal resources in
this area. In particular, a 51 700 ha of Segara Anakan
(a lagoon located in coastal area of Cilacap), is the
main concern for the project since the ecosystem
of marine estuarine and upland is strongly interre-
lated. In addition, the 24,000 ha of mangrove for-
est located in the estuarine is considered as the larg-
est single stand mangrove remaining in Java. The
interaction of mangrove forest ecosystem with that
of lagoon make the lagoon enriched with resources
such as shrimp and fin fish. Given this unique eco-
system and high value of shrimp and fish, it is not
surprising that fisheries activities play an important
role in local economy, especially for people resid-
ing in the Segara Anakan area.

In 2001, the economic value for fisheries
was estimated to be more than US$ 8 million
(Dudley, 2002), while aquaculture (brackish water
pond) contributed to more than Rp 20 billion
or equivalent to US$ 2 million (Cilacap Fisher-
ies Agency, 2002). With the largest standing for-
estin Java, mangrove forest has also been subject
to economic activity for Segara Anakan residents,
it is estimated that firewood industry from man-
grove forest has generated to more than Rp 87
million (or equivalent to US $ 10000 annually).
Some parts of Segara Anakan (more than fifty
percent of the area) were allocated for agricul-
ture. An estimated of five ton of rice production
per Ha, which is equivalent to 750,000 t of rice,
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has been produced worth of Rp. 225 billion or
equivalent US § 2.2 million.

Since mid 1980s, Segara Anakan was chosen
for the ASEAN-USAID CRMP project. Through
the CRMP Project funded by USAID, the govern-
ment of Indonesia via the Ministry Home Affairs
attempted to address those issues described. With
huge amounts of fund allocated for the project,
backed up by regional state budged (APBD), the
project was implemented in three phases. The first
four year project (1986-1990) was aimed to de-
velop and implement coastal resources and their en-
vironment through an integrated and sustainable
approach. The activities of this project included
(ASEAN/US CRMP, 1992):

« Analyzing, documenting and disseminating in-
formation on trends in coastal resources de-
velopment

Increasing awareness of the importance of
CRM policies and identifying, and where pos-
sible, strengthening existing management ca-
pabilities

Providing technical solutions to coastal re-
source-use conflicts

Promoting institutional arrangements that bring
multisectoral planning to coastal resources de-
velopment.

Several issues are identified with respect to
coastal management in Segara Anakan. These in-
clude resource exploitation, declining environmen-
tal quality and institutional problems. Reports from
various sources indicate that there was tremendous
decline in mangrove forest area. Itis estimated that
as much as 1,454 ha of mangrove forest has been
converted to various uses, such as fish pond, farm
land and agriculture. In terms of fishery resources,
there is strong evidence that catch per unit effort
both from lagoon and offshore areas are declining.
This declining in catch, to a large extent was at-
tribute to deforestation of mangrove in the area.
With regard to declining of environmental quality,
pollution and sedimentation problems are the most
common threat for Segara Anakan area. Upland
activities along Citanduy river basin area has resulted
in accelerating the sedimentation process in the la-
goon. Consequently this will affect the primary
fisheries production as well as threat to other rare
and endangered species.
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In terms of institutional concern, the major
problem identitied by ASEAN/US CRMP report
was lack of coordination and communication
among government agencies.  In addition, there
seems significant overlapping function and au-
thority with regard to the management of Segara
Anakan. The report also identified that there are
disputes over land ownership in the area. This is
due to unclear property rights. For example, local
residence claimed cheir right to occupy the area based
on “hukum adat” or customary law, while several
agencies such as Perhutani claimed their right based
on formal laws.

In addition to the project above, through a
loan from Asian Development Bank (ADB), the
Segara Anakan Conscrvation and Development
Project (SACDP) was initiated in 1997. The project
which will be terminated in 2002 was aimed to
develop and to conserve the lagoon ccosystem so
that it will yield social and economic benefits both
for current and future gencrations. The project has
three components viz:

» Component A dealing with water resource man-
agement and sedimentation under auspices of the
department of public works
Component B dealing with community devel-
opment
Component C dealing with capacity building
One thing is clear from the project however,
the economics impact to the socicety is hard to be
materialized. Even though a socio economic study
conducted by a team from Sudirman University on
the benefits of SACDP indicated that the majority
of people in Segara Anakan arca answered positively
on the perception of the project, the team admit-
ted that it was quite difficult how such benefits were
realized (Dirjen Bangda dan UNDIP, 1998). The
report indicated that the project was benetited only
in terms of increasing people mobility (the village
road in better condition) and sanitation, but none
was said the economic benefies derived from im-
proving resource condition.

As one can see from the report mentioned
above, continuing declining catch from fisheries
which can be translated into declining income per
capita of the fishermen, has been persisted in the
area. A study by Duewel (1994), for example, re-
vealed that average monthly fishing income of
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Segara Anakan resident was about Rp 159,708. This
level of income is 73% lower than that of 5-10
years ago. If this level of income was translated into
income per capita, the level would even be lower
than the poverty threshold set out by the govern-
ment. Even though income from fishing is subject
to several factors affecting fishing activities, it can
be assumed that activities generated by the project
will either directly or indirectly affect the coastal
cconomic activity in the Segara Anakan area. Other
indicators that can be used to measure the impact
of the project are how efficient the economic sec-
tors perform before and after the project were imple-
mented. Hence, contrary to the traditional Ben-
cfi-Cost Analysis, this paper will attempt to mea-
surc the impact of the project not only through the
measurement of monetary units, but also through
physical units such as productivity of economic sec-
tors in the coastal area.

DEA OF THE ICM PROJECT
IN CILACAP

For the purpose of the analysis, the coastal
cconomic activities in Segara Anakan area disaggre-
gated into three major components, which are fish-
eries, aquaculture and forestry. Since notall sectors
data are available, the analysis is limited to the fish-
ery activity in the lagoon area. The forestry activiry,
represented by mangrove exploration, was embed-
ded into fishery of the lagoon. In the first part,
analysis is based on productivity which is measured
in terms of the ratio of inputs to outputs. To some
extent this technique is inline with the traditional
DEA approach. In this study, however, we modi-
fied the traditional approach by incorporating time
period as DMUs. Thus, while traditional DFA is
static in nature, this modified DEA could be seen
as “dynamic” in a sense that it allows trajectory of
DMUs to be evaluated. This type of technique has
been used by Dinc and Haynes (1999). Our ap-
proach, therefore follows theirs. The objective of
this stage is to measure the economic efficiency of
the sector affected by project activities. The reason
is clear, if the project is beneficial for people resid-
ing in the area, it should be reflected in the im-
provement of their productivity. Improvement in
productivity could be triggered cither by improve-
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ment in resource condition or improvement in thetr
production process. This effect s embedded 1n ra-
tio of input and output used in the production pro-
cess. In the second part of the analysis cach output
from sectors is converted into monetary units. This
in fact represents the economic value gencratcd by
sectors which can be assumed as the benefits ac-
crued to the sectors. The input component of the
second stage s the unit cost associated with alterna-
tive use of coastal resources such as the cost of con-
version, cost of fishing, and the cost of mangrove
forest extraction. A modified DEA technique s used
in this second stage. The result from the first and
the second stage are then compared to assess the
benefit and cost of the [CM Project in the area.

DEA OF SEGARA ANAKAN FISHERIES

To assess the benefit of the ICM project in
terms of non-monetary unit, the fishery of Segara
Anakan was chosen as a unit analysis. A time s¢-
ries of analysis of catch and effort were analyzed.
The data were derived from various sources. Due

to disagreement in the magnitudc of the darta,

-
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especially after period of 1988, some extrapola-
tions were then used. The results of the extrapo-
lations were re-verified with various reports for
The first stage of the CBA-DEA

analysis was cmp\oyed {0 assess the productivity

consistency.

of fishery in Segara Anakan using shrimp and fin
fish pmducti(ms as output units while the rotal
number of trip exerted to the fishery was used as
unit input. Results of the CBA-DEA analysis of
stage one are depicted in the following Tables
and Figures (Tabel 2).

As we can see from Table 2 and Figure 1, higher
cfficiency scores werc achieved in the later period
of 1990s while lower cfficiency scores occurred in
(1970s and 1980s) as well
2000. This indicates, that in gcncra\, the Coastal

carly periods as early
Management Projects, 0 particular to that of Segara
Anakan were benefited in terms of fishing produc-
fvity in relatively short term periods (1987, 1990
and 1994). These benefits, however, were not se-
cured sustainably since at the following periods
(1995 onwards) the productivity of fishery of Segara
Anakan in term of productivity were declining.

Table 2. DEA Scores for Non Monetary Unit

AN
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Figure 2 describes the trajectory of efficiency

of non monetary unit during period of observa-
tion. As can be seen from Figure 1, upward move-
ment in efficiency occurred during 1980s to mid
1990s, with a fluctuation in between. After period
of 1994, however, there is a declining trend in effi-

The following table describes the potential

improvement of non-monetary benefits for the
fishery in Segara Anakan. As we can see from
the table, there is little room for improvement
in productivity or increasing secured benefits of
ciency scores which indicate that there is declining

the lagoon, after mid 1990s. This indicates that
achieving sustainable production after this period

of non-monetary benefics derived from Segara

Anakan fisheries

is relatively difficult. This result is in line with

various reports of Segara Anakan fishery which

DMU

Efficiency
Figure 1 Bar Chart of DMU Scores
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Figure 2. Trajectory of DMU score for non-monetary benefit
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Table 3. Projection of Potential Improvement of Non-Monetary Benefits

No: DMU Score

/0 Data Projection Difference 73
i 1976 0.559984 .
Effort 200 200 0 0.00%
Sp 432 771.4508 339.4508 TR.58Y%
FP 232 414.2977 182.2977 78.58%
2 1977 0.857695 )
Effort 200 200 0 0.00%
SP 661 770.6699 109.6699 16.59%
FP 356 415.0658 59.06581 16.59%
3 1978 0.524573 ]
Effort 200 200 0 0.00%
SP 404 770.1509 366.1509 90.63%
FP 218 415.5765 197.5765 90.63%
4 1979 0.237831 )
Effort 200 200 0 0.00%
SP 183 769.454 586.454 320.47%
FP 99 416.262 317.262 320.47%
5 1980 0.145942 o
Effort 230 230 0 0.00%
SP 129 883.9143 754.9143 585.20%
FP 70 479.6434 409.6434 585.20%
6 1981 0.173076
Effort 230 230 0 0.00%
SP 153 884.0024 731.0024 477.78%
FP 83 479.5568 396.5568 477.78%
7 1982 0.181874
Effort 230 230 0 0.00%
SP 161 885.2268 724.2268 449.83%
FpP 87 478.3524 391.3524 449.83%
8 1983 0.292613
Effort 730 230 Y T 0:00% .
SP 259 885.1293 626.1293 241.75%
FP 140 478.4483 338.4483 241.75%

9 1984 0.277235
eItort 230 23D ] I € R 10 &
Sp 253 912.5833 659.5833 260.70%
FP 127 480.7708 353.7708 278.56%
10 1985 0.352418
Effort 235 235 0 0.00%
Sp 319 905.1762 586.1762 183.75%
FP 172 488.0574 316.0574 183.75%
Il 1986 0.481419
Effort 240 240 0 0.00%
SP 445 924.3498 479.3498 107.72%
FP 240 498.5257 258.5257 107.72%
12 1987 i
Effort 240 240 0 0.00%
SP 932 932 0 0.00%
FP 491 491 0 0.00%
13 1988 0.653846
Effort 240 240 0 0.00%
Sp 340 520.0001 180.0001 52.94%
FP 510 780.0002 270.0002 52.94%
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continued .....................
No. DMU Score
70 Data Projection Difference %
14 1989 0.604799
Effort 240 240 0 0.00%
SP 220 363.757 143.757 65.34%
FPp 525 868.0565 343.0565 65.34%
15 1990 1
Effort 250 250 0 0.00%
SpP 830 830 0 0.00%
FP 650 650 0 0.00%
16 1991 0.737852
Effort 250 250 0 0.00%
SP 130 300 170 130.77%
Fp 700 948.7 248.7 35.53%
17 1992 0.821545
Effort 250 250 0 0.00%
SP 146 300 154 105.48%
FP 779.4 948.7 169.3 21.72%
18 1993 0.84347
Effort 250 250 0 0.00%
SpP 141 300 159 112.77%
FP 800.2 948.7 148.5 18.56%
19 1994 1
Effort 250 250 0 0.00%
SP 300 300 0 0.00%
FP 948.7 948.7 0 0.00%
20 1995 0.842571
Effort 250 250 0 0.00%
SP 420 498.4741 78.47407 18.68%
Fp 705.1 836.843 131.743 18.68%
21 1996 0.790597
Effort 250 250 0 0.00%
N 332 419.9357 87.9357 26.49%
Fp 696.6 881.106 184.506 26.49%
22 1997 0.823452
Effort 250 250 0 0.00%
SP 400 485.7602 85.7602 21.44%
FP 695 844.0084 149.0084 21.44%
23 1998 0.738224
Effort 240 2440 0 0.00%
SP 380 514.7487 134.7487 35.46%
FP 578 782.9599 204.9599 35.46%
24 1999 0.624278
Effort 240 240 0 0.00%
SP 360 576.6661 216.6661 60.19%
FP 467 748.0641 281.0641 60.19%
25 2000 0.551255
Effort 240 240 0 0.00%
SP 260 471.6511 211.6511 81.40%
Fp 445 807.249 362.249 81.40%
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indicate a declining trend of the fishing produc-
tion in the arca. For example, report from Roesmidi
(1998) said that there was tremendous decline in
the fishery production (shrimp and fin fish) from
1992 till 1996 for about 300%.

MONETARY MEASUREMENT

As mentioned above, the importance of
Segara Anakan ecosystem lies not only in its eco-
logical function but also in its economic benefits
that could be derived from the ecosystem. It is also
acknowledge that from economic interest, the most
common argument for the management concern
of the Segara Anakan is the link between mangrove
forest surrounding the area and the fishery resources
in the lagoon. Recent figures indicate that the eco-
nomic benefits that could be derived from the area
are quite significant to the economy of the regency
of Cilacap. The following Table describes the po-
cential benefits that could be secured had the Segara
Anakan managed sustainably.

It is worth noting, however, that the economic
benefits derived above should be interpreted with
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caution. The economic benefits secured could be
higher or even lower than the figures above due to
the following reasons. First, the benefits do not in-
clude the non-use values of the resources derived
from Segara Anakan, since no appropriate economic
valuation had been applied for the area so far. Sec-
ond, as acknowledged by Dudley (2002), the value
is only an approximation (rough estimates) since
no data available for detail calculation. For example,
one has to estimate demand function for the goods
and services derived from Segara Anakan to include
the benefits secured by consumers as a whole. To
do this analysis, however, it requires a complete
panel data, which is not easily available. Third, the
benefits must be weighted against resource degra-
dation which has been occurring in the Segara
Anakan area. This would require a complete resource
accounting which, perhaps, was not the priority of
the CRMP in the area during the period of the
project.

To secure the benefits from coastal resource
projects such as Segara Anakan, however, is not a
cost. The local as well as national government has
spent substantial amounts to ensure better imple-

Table 4 Potential economic benefits of Segara Anakan

Type of Benefit Benefit /ha (US$) Total benefit Other benefit
of the area (US$)
Fishery™
o From lagoon $1,996 $2.8 million $150,000¢
¢ From mangrove $1,376 $5.5 million
Mangrove":
e Direct use $107.78 $907,020
Note:

a. Derived from Dudley (2002)

b. from Anonymous (1992) and Miftah (2002). This value includes the use of mangrove for woodchips and logs. The

value was adjusted to the cu
¢. This benefitis attributed to th

frent currency conversion.
e tax levied by the local government from the fishery

Table 5 Costs component of Segara Anakan Management

Cost component Cost/ha (US$) Total cost (US$)
Mangrove rehabilitation $436 $ 66,490
Mangrove preservation $40.5 $28,350
Seedling $67.32 $13,632
Dredging $ 18,684 $9.8 million®
Other cost Na $66,746

Note: a) Source BPKSA (2002)
b) This is not yearly cost, rather the cost of over

adjusted by current conversion rate
period of dredging (approximately 3 years)

¢) Administrative costs which include management cost and operational cost of management office of Segara Anakan
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mentation of CRMP in Segara Anakan. At a micro
level, it would require substantial management and
rehabilitation costs to achieve a healthy Segara
Anakan, so that the potential economic benefits
described above could be sustained. The following
are the costs associated with such a concern.

As can be seen from Table 3 and Table 4, di-
rect comparison reveals that there is potential sur-
plus from Segara Anakan. If we take dredging cost
of approximately US$ 3.2 million per year, then
the total benefits secured from Segara Anakan ex-
ceed the total costs allocated for managing the area.
A surplus of approximately US$ 4.4 million could
be secured. Whether this surplus could be sustained,
however, is questionable. One could argue that if
the costal management programs, as outlined in
Segara Anakan Conservation and Development
Project (SACDP), were implemented successfully.
These potential surpluses could be sustained.

Another way of looking at how the benefit
would be sustained in the future is by analyzing it
using cost-effective analysis. This approach basically
tries to determine which component of costs that
would sensitive to the sustainability of the benefits.
To employ this approach, a modified DEA as out-
lined in the previous section (equation 1.8) was used
to assess the cost-efficiency of the Segara Anakan
Management Project. Data from Table 3 and 4 were
used for the purpose of the analysis. Four alterna-
tives of management costs i.c., controlling sedimen-

DMmuU

Dredging

MangroveB

DMU

MangroveG

Sediment

tation, mangrove rehabilitation (mangroveG), man-
grove preservation (mangroveB), and dredging were
chosen as DMUs. All unit costs were normalized
to 1, so the unit is US$ thousand. Data from Table
3 were also combined with production of shrimp
and finfish from Segara Anakan. The solution for
this problem was found using mathematical pro-
gramming by means of DEA-Solver. After eleven
simplex iterations, the results are depicted in the
following Tables and Figures.

As can be seen from Table 5 and Figure 3 ,
cost efficiency scores could be achieved for sediment
control and dredging. Translating this into the ben-
efit, the sustainable benefit could be achieved had
these two alternatives been given priority in coastal
management of Segara Anakan. Results also indi-
cates that even though the link between mangrove
and fisheries in lagoon is very important, mangrove
preservation has low score of cost efficiency. That
is, given the relatively wide area of mangrove, the
costs allocated to this program could have been
made more efficient to achieve sustainable benefits.
Perhaps, it is too simplistic to say that based on this
result alone, one could argue that mangrove
management at current condition did not achieve
the goal of sustainable lagoon management. Given
a relatively long period of time for the ecosystem
to recover from resource degradation due to man-
grove overextraction, the benefits of mangrove pro-
grams might take longer period of time to be ma-

Efficiency

Figure 3 Bar Chart of Cost-Efficiency DEA scores
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terialized. The man-

Table 6 DEA Scores for Monetary Unit

Id b
grove program cou'c be No| DMU Score Rank Reference set
made more efficient,
. . (lambda)
therefore, yield higher , :
benefits to the lacoon 1 | Sediment 1 1 Sediment 1
chetits . & 2 | MangroveG | 0.117435 | 4 Sediment 1.333333
fishery if the unit costs 3 | MangroveB 0.338217 | 3 Sediment 1.5
of the program couldbe | 4 | predging 0.879365 | 2 Sediment 0.833333
reduced. As can be seen

from Table 6, there is

potential improvement

of cost-efficiency if cost per unit of dredging could
be reduced as much as 12% while that of man-
grove program could be reduced by 66 to 88% of
the current level. This could be achieved, for ex-
ample, by prioritizing the mangrove management
program adjacent to lagoon so it reduces the unit
cost per ha while at the same time ensuring the
short term benefits that could be achieved from
the fishery lagoon.

CONCLUSION

Assessing the sustainability of ICM projects
in terms of its economic dimension is a indeed dif-
ficult and challenging exercise. This paper, however,
has illustrated the use of Data Envelopment Analy-

sis as a means of performing such a task. Even though
there are limitations that hinder the full scale appli-
cation of benefit cost analysis of costal projects, the
simple approach which is used in this paper has
demonstrated the potential usefulness of such an
approach in the future when data availability be-
comes constraints. Contrary to the traditional ap-
proach of CBA in which Dorman’s argued about
its three prominent shortcomings, the DEA model
of CBA used in this analysis could serve as an alter-
native means of assessing the benefits of coastal
projects.

In terms of findings from this paper, the gen-
eral conclusion is that the secured benefits derived
from ICM project in the study area could not be
said to be sustainable judging from the performance

Table 7 Projection of potential improvement in cost efficiency

No| DMU Score
/0 Data Projection | Difference % Unitcost | Costchange
1 | Sediment 1
Cost 8620.24 8620.24 0 0.00%
Area 554 554 0 0.00% 15.56 0
Prod 600 600 0 0.00%
2 | MangroveG 0.117435
Cost 254745 29916 -224829 -88.26%
Area 6290 738.6667 | -5551.33 -88.26% 40.5 -224829
Prod 800 800 0 0.00%
3 | MangroveB 0.338217
Cost 1236657 418258.9 | -818398 -66.18%
Area 2457 831 -1626 -66.18% 503.32 -818398
Prod 900 900 0 0.00%
4 | Dredging 0.879365
Cost 9809100 8625780 -1183320 -12.06%
Area 525 461.6667 | -63.3333 -12.06% 18684 -1183320
Prod 500 500 0 0.00%




Assessment of Sustainability of Integrated

of non-monetary indicators during 25 years of ob-
servation, as well as from monetary indicators. Fur-
ther limitation of input exerted to the fishery in
the area, could, in the future, increase the total ben-
efits of the ecosystem. Similarly, engaging a cost-
efficient mechanism for the management of Segara
Anakan, would undoubtedly sustain the benefits
derived from the ICM project.

ACKNOWLEDGMENT

We would like to thank Dr. Patrick Christie
of the University of Washington USA and Packard
Foundation for making this research possible. We
also thank all government officials in Cilacap re-
gency for their assistance in providing much needed
information. The authors also acknowledge all Re-
search Assistants for their valuable help and com-
ments during the writing of this paper.

REFERENCES

Anonymous, 1992. The Integrated Management Plan for
Segara Anakan Cilacap, Central Java, Indonesia. ASEAN/
US Coastal Resources Management Project, Directorate
General of Fisheries. Jakarta-Indonesia.

Banker, R.D., A. Charnes, and W.W.Cooper. 1984. Some Mod-
els for Estimating Technical and Scale Inefficiencies in Data
Envelopment Analysis. Management Science 30: 1078-
1092.

Beasley, J.E., 2000. Data Envelopment Analysis, OR-
Noteshttp://mscmga.ms.ic.ac.uk/jeb. 14pp.

BPKSA, 2002. Rehabilitasi dan Pengelolaan Mangrove Segara
Anakan Cilacap.

Bird, E.C.E, A. Soegiarto., K. A. Soegiarto and N. Rosengren
(eds). 1982. Proceeding of the Workshop on Coastal Re-
sources Management in the Cilacap Region. The Indone-
sian Institute of Sciences and The United Nations Uni-
versity. Jakarta.

Brent, R.J., 1997. Applied Cost-Benefit Analysis. Edward
Edgar Publishing Limited. UK.

Charles. A.T., 1993. Towards Sustainability: The Fishery Ex-
perience. Ecological Economics vol.11 pp. 201-211.

Charnes, A., W.\W. Cooper and E. Rhodes,1978. Measuring
the efficiency of decision making units. European Journal

of Operation Research 2. pp: 429-444.

47

Clark, C., and G. Munro. 1975. The Economics of Fishing
and Modern Capital Theory: A Simplified Approach. Jour-

nal of Environmental Economics and Management 2:92-

106.

Cooper, W.W., K.S. Park, and J.T. Pastor. 1999. RAM: A
Range Adjusted Measure of Inefficiency for Use with Ad-
ditive Models and Relation to Other Models and Mea-
sures in DEA. Journal of Productivity Analysis No 11,
pp.5-42.

Dinas Perikanan dan Kelautan Kabupaten Cilacap. 2000.
Laporan Tahunan 1976-2000.

Dinc, Mustafa and K. E. Haynes. 1999. Regional Efficiency in
the Manufacturing Sector: Integrated Shift-Share and Data
Envelopment Analysis. Economic Development Quar-
terly, Vol.13 No.2, May , pp: 183-199.

Direkrorat Jenderal Pembangunan Daerah dan PPLH LP-Uni-
versitas Diponegoro. 1998. Pengembangan Silvofishery
Industries di Segara Anakan. Laporan akhir. Semarang.

Dorfman R., 1996. Why Benefit-Cost Analysis Is Widely Dis-
regarded and What to Do about It. Interfaces 26, 1-6.

Dudley. R.G., 2001. Segara Anakan Fisheries management
Plan. SACDP Report. Ministry of Home Affairs Rep. Of

Indonesia.

Dudley, R.G., 2000. The Value of Segara Anakan Lagoon to
Fisheries. SACDP Consultant’s Report.

Duewel, J. 1994. Socio-Economic Assessment of Segara Anakan
Lagoon Environs. Segara Anakan Lagoon Feasibility Study.

Dyson, R.G., E. Thanassoulis, and A. Boussofiane. 1990. Data
Envelopment Analysis In Tutorial Papers in Operational
Research, L.C. hendry and R.W. Eglese (eds). Operational
Research Society, UK.

Emrouznejad, Ali and E. Thanassoulis, 1997, An Extensive
Bibliography of Data Envelopment Analysis (DEA), Vol-
ume III: Suplement 1, Working paper 258, Warwick Busi-
ness School, Warwick University.

Faculty of Fisheries IPB-Bogor. 1984. Ecological Aspects of
Segara Anakan in Relation to Its Future Management. In-
stitute of Hydraulic Engineering in cooperation with Fac-
ulty of Fisheries, Bogor Agricultural University.

Fire, R., G. Shawna and C.K. Edward, 1989. Measuring
Plant Capacity, Utilization and Technical change: A Non-
parametric Approach. International Economic Review Vol.

30, No.3: 655-666.

Fire, R., Shawna, G., and C.A. Knox Lovell. 1994. Produc-
tion Frontiers. Cambridge University Press. Cambridge,
UK

Fire, R., S. Grosskopf and Wen-Fu Lee. 1995. Externalities,
Property Rights and Profitability: A Data Envelopment
Analysis Investigation. Working paper. Departement of
Economics Southern illinois University U S.



Pesisir & Larurtan

Special Edition No. 1, 2003

Farrow, S., and M. Toman. 1998. Using Environmental Ben-
efit-Cost Analysis to Improve Governmen Performance.

Fauzi, A., and Suzy Anna. 2002. Kapasitas Perikanan di Perairan
Pesisir DKI Jakarta, Aplikasi Data Envelopment Analysis
(Fisheries Capacity in Coastal Area, Jakarta: A Data Envel-
opment Analysis). Journal Pesisir dan lautan (forthcom-

ing) IPB. Bogor.

Fauzi, A., and Suzy Anna. 2002. Penilaian Depresiasi
Sumberdaya Perikanan Scbagai Bahan Pertimbangan
Penentuan Kebijakan Pembangunan Perikanan (Assess-
ment of Fisheries Resource Depreciation for Fisheries De-
velopment Policy Consideration). Jurnal Pesisir dan Lautan

4(2):36-49.

Hopley, D., and Suharsono. 2000. Status ot Coral Reefs in
Eastern [ndonesia. In Report for the Global Coral Reef
Monitoring Network (GCRMN). Series.ed C. Wilkinson.

Australian Institute of Marine Science.

Kirkley, J. and D. Squires. 1999. Capacity and Capacity Utili-
zation in Fishing Industries. Discussion Paper 99-16,
University of California, Departemen of Economics. San

Diego.

Koesoebiono, M. Purba., Hal‘djono, and S. Rahardjo. 1989.
General Policy and Guidelines for The management of
Zonation Scheme of Segara Anakan. ASEAN/USAID
Cooperative Program on Marine Sciences Coastal Resources
Management Project. Jakarta.

Korhonen, P, A. Silijamaki and M. Soismaa. 1998. Practical
Aspect of Value Efficiency Analysis. Interim Report IR-
98-042 TIASA.

Lancaster, K. J. 1966.A New Approach to Consumer Theory
Journal of Political Economy 74 : 132-157

Miftah, H. 2002. Studi Biaya Pengelolaan (Management Cost)
Kawasan Segara Anakan Cilacap, Jawa Tengah. Thesis
(draft). Program Pasca Sarjana IPB.

Mishan, E.J. 1988. Cost-Benefit Analysis (4th ed). The Aca-
demic Division of Unwin Hyman Ltd. London.

Morrison, C.J. 1993. A Microeconomic Approach to the Mea-
surement of Economic Performance: Productivity Growth,
Capacity Utilization, and Performance Indicators. Berlin:
Springer-Verlag.

Morrison, C.J. 1985. Primal and Dual Capacity Utilization:
An Application to Productivity Measurement in the U.S.
Automobile Industry. Journal of Bussiness and Economic

Statistics vol.3, pp.312-324.

48

Nelson, R. 1989. On the Measurement of Capacity Utiliza-
tion. Journal of Industrial Economics Vol. XXXVII. No. 3,
pp273-286.

N. K. Womer, J. H. Dula, and M.-L. Bougnol. D. Retzlaft-
Roberts. 2002. Benefit-Cost using Data Envelopment
Analysis. Working Paper Hearin Center for Enterprise
Science. University of Mississippi

J.C.V. Pezzey., and M.A. Toman. 2002. The Economics of
Sustainability: A Review of Journal Articles. Resources for
the Future Discussion Paper 02-03. Resources for the Fu-
ture. Washington. D.C.

Roesmidi. 1998. Proyek Konservasi dan Pembagian Segara
Anakan: Status dan Permasalahannya. Makalah pada
Konferensi Nasional I Pengelolaan Sumberdaya Pesisir dan
Lautan Indonesia. 19-20 Maret. Bogor.

Segerson, K. and D. Squires. 1990. On the Measurement of
Economic Capacity Utilization for Multi-Product Indus-
tries. Journal of Econometrics, Vol.44, pp 347-361.

Segerson, K. and D. Squires. 1992. Capacity Utilization under
Regulatory Constraints. Review of Economics and Statis-

tics, Vol.LXXV, No.1, pp.76-85.

Sofa, E 2000. Program Pengelolaan Sumberdaya Pesisir dan
Lautan di Indonesia: Sebuah Tinjauan (Coastal and Ma-
rine Management Program in Indonesia: An Overview).
Coastal Resources Center. University of Rhode Island-
Coastal Resource Management Project (CRMP/Proyek
Pesisir). Jakarta.

Squires, D. 1987. Long-Run Profit Functions for Multiproduct
Firms. American Journal of Agricultural Economics, Vol.69,
No.3. pp.558-569.

Toman, M.A., 1998. Sustainable Decision making: The state
of the art from an economic perspective: Resources for the

Future Discussion Paper 98-39. Resources for the Future,

Washington DC.

Toman, M.A., Ronald Lile., and D. King., 1998. Assessing
Sustainability: Some Conceptual and Empirical Challenges.
Resources for the Future Discussion Paper 98-42. Resources
for the Future. Washington D.C.

White, A.T., P. Martosubroto., and M. Sadorra. 1989. The
Coastal Environmental Profile of Segara Anakan-Cilacap,
South Java, Indonesia. ICLARM Technical Report 25, 82p.
Manila, Philipines.



	Assessment Of Sustainability Of Integrated Coastal Management Projects : A CBA-DEA Approach

