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SUSTAINABLE INCOME CONTRIBUTIONS
OF FISHERY RESOURCES IN SABAH:
A NATURAL RESOURCE ACCOUNTING
APPROACH*

Tai Shzee Yew and Kusairi Mohd. Noh

This paper attempts to value the contributions of fishery resources to the income
of the state of Sabah using the natural resource accounting approach. Changes
in values of fishery resources can occur between successive years as well as
between current and optimal levels of catch. A negative change in value
indicates depreciation of the fishery resources while a positive change
constitutes appreciation in the value of the fishery resources. These changes
need to be accounted for in the computation of the indicators of income to reflect
the sustainability of the income for Sabah. The results show that on the whole
the fishery resources in Sabah depreciate in eight years between 1980 and 1993.
For individual species group, depreciations occur in nine years for the pelagics
and molluscs, eight years for the demersals and seven years for the crustaceans.
In terms of bioeconomic optimal analyses, optimal depreciations occur for all
the species groups in Sabah for almost all years from 1980 to 1993. The results
also show that the correlations between the levels of fishing effort and
depreciations are negative for each species group. Similarly, an inverse
relationship exists between changes in the levels of fishing effort and optimal
depreciations for each species group. These results imply that current levels of
fishing effort in Sabah are too high. Thus policies aimed at curtailing fishing
effort should be pursued. These policies can provide improvement in potentially
higher capital values of the fishery resources and the earning potentials of the
fishing enterprise in Sabah.
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1 INTRODUCTION

The state of Sabah, located at the north-castern coast of the island of Borneo, is
endowed with rich natural resources such as forestry, fisheries, petroleum, natural
gas, and agriculture. These resources played crucial roles in the economic growth of
the state. From 1978 to 1997, the percentage contribution of natural resources to the
state’s overall income growth ranged from about 46 to 66 percent (Department of
Statistics Sabah, various years). Natural resources have been, and will continue to be,
important to the growth of the Sabah cconomy. However, their relative contributions
to the cconomic growth of the state have been declining. This phenomenon is almost
similar to the experiences in other resource-rich cconomics where the “resource
booms™ cconomic growth is transicnt in nature. These economies expand rapidly
when resources are available for exploitation, but they contract once these resources
arc exhausted (Ward, 1982; Stauffer, 1986; Repetto, ef al. 1989; Vincent, 1997).

The non-sustainability of economic growth [or resource-dependent cconomies such
as that of Sabah may be due to the deficiencics inherent in the conventional measures
ol economic growth and welfare such as the Gross Domestic Product (GDP), or Gross
National Product (GNP). The asymmetric trecatment of natural resources (viewed as
natural capital) and man-made capital in the computation of national product by the
conventional system of national accounts has prompted the development of the so-
called “green accounting”. The main objective of natural resource accounting is to
account for the depreciation of natural capital just as depreciation of man-made
capital is deducted from the value of gross national product to obtain the net national
product.

In addition, the natural resource accounts should also provide information required
for optimal management of natural resources of an ecconomy. The omission of the
natural capitals from the conventional system of national accounts provides
inaccurate signals to policy makers to overexploit and cven deplete the natural
resource base to achieve rapid economic growth rate.  This may result in illusory
gains in income in the short run but permanent losses to national wealth in the long
run. As a conscquence, natural resource accounting was developed in the late 80s
with the interest in sustainable ecconomic development (Atkinson et al. 1997).

The marine fishery resource can be considered a renewable natural asset capable of
growth over time. However, with overexploitation of most fishery stocks throughout
the world, over time this natural asset will likely to depreciate in values, leading to a
reduction in the national or regional wealth. Hence this paper attempts to estimate
the contributions of the marine fishery resources to the economic growth of the state
of Sabah.
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The Sabah marine fishery sector is dominated by the inshore traditional subsector.
Driftnet and other traditional gears were the major gear groups operated by about 40
and 38 percent of the fishing vessels respectively in Sabah from 1979 to 1994
(Department of Fisheries Sabah, various years). On the other hand, commercial gears
such as trawls and purse seines contributed only about 21 percent to the total number
of vessels in Sabah during the same period. In terms of total marine landings of more
than 160 thousand metric tons in Sabah in 1994, the traditional gears contribute the
most in percentage term (40 percent), followed by trawls (27 percent), drift net (19
percent) and purse seine (13 percent). In terms of species group, the crustaceans,
demersals and pelagics are of equal importance (30 percent cach) in the Sabah
fishery. Molluscs make up about 9 percent of total landings.

This paper is organized as follows. The methodology to value the changes in the
fishery stock of Sabah will be presented in the next section. This approach is similar
to the one used in the studies by Tai, ef al. (1996) and Tai, Kusairi and Nik Mustapha
(2000). The estimation results will be presented in the third section and in the final
section, some conclusions are drawn.

II. METHODOLOGY

Two main methods have been developed for valuing the depreciation ol natural
resource stocks: (1) the present value of {uture rents (or net revenues) associated with
the resource; and (2) the net price or rent per unit of the resource multiplied by the
changes in the resource stocks (Crowards, 1996; El-Seraly, 1989; Repetto, et al.
1989; Landefeld and Hines, 1985). The latter approach is unsuitable for use in the
fishery because it is a unique resource in that the physical quantity of the stock is not
as easily determined as for other resources such as forest timber. Fish is found either
deep in the ocean or it is freely moving over a wide area without regard to national
boundaries. These characteristics often limit the possibility of physically counting
the fish stock. In addition, market values for transactions in resource stock are not
available. Furthermore the net price approach assumes that actual use is optimum
which may not be truc for the exploitation of fishery resources in Sabah. Hence, the
present value approach is followed here.

Actual Depreciation

The value of any asset is the present value of the expected stream of benefits to be
derived from the asset. The central focus of this approach in valuing the fishery
resources is the concept of fishery rent. Fishery rent can be defined as the return that
can be earned from the fish stock. This fishery rent can be represented by the
equation below:

T, =pH —cE (h
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where 7 denotes the rent, p, the price of fish, H, the sustainable catch attributed to a
given level of fishing effort E;, ¢ the unit cost of fishing effort and subscript t
represents the time period. If a constant level of fishing effort Et is exerted onto the
fish stock, and if we assume constant price of fish and unit cost of effort, the present
value of the sustainable fishery rent, V,, can be written as;

V=mlé )

where 3 is the constant social discount rate.

In practice, fishing effort is not likely to remain constant from one period to the next.
The change in V, will then represent the value of a net change in the resource stock;

V-V ) =(n,—-m )6 3)

where V. = V(H, p, E, ¢, 8 and V_ = V(H_, p_;, E_j. ¢}, O).

Notice that the change in V| can also be influenced by changes in prices of fish and
fishing inputs. In order to remove these price effects it has been suggested (Solorzano
et al., 1991) that the current year’s resource value should first be recomputed using
previous year’s prices. The price effects can be represented as:

Price effect = V(H,, p,_;» E, ¢,_|, 0) - V(H,, p, E, ¢, 0) 4)

where H, p;, E, and ¢ are as previously defined. Notice the subscript (t — 1) for the
price variables (P and c) in the first term on the right-hand-side of the equation.

The actual depreciation is then the difference between current year’s resource value
recomputed using previous year’s output and input prices and actual previous year’s
resource value. Since the same set of prices has been used in both periods, the
difference reflects the actual change in resource value attributed to the change in
stock, uninfluenced by price changes. This is equal to the difference between the
values computed by equations (3) and (4).

Optimal Depreciation

The depreciation value of the fishery resource outlined above depends on the actual
catch, effort and revenue. However, many fisheries throughout the world are not
exploited at the optimal level. Since overexploitation decreases the productive
capacity of the fishery resource, the difference between the current (actual) and the
optimal_rates_of exploitation_of_the fishery resource constitutes revenue loss or
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income foregone from non-optimal exploitation (Devarajan and Weiner, 1990). From
the policy perspective, the difference in the resource values between the two rates of
harvest will provide a signal to policy makers to make the necessary policy
adjustments (Hartwick, 1990). Following Clark and Munro (1975), the equation for
intertemporal optimal exploitation of a fishery resource using Pontryagin’s Maximum
Principle is as follows:

8 = F'(X) — {[c’(X) FXPI/ [p ~ (X1} &)

where F(X)) is the net natural growth of fish stock; c(X,) is the fishing cost function
in terms of stock; F'(X,) and ¢’(X,) are, respectively, the first deritive of F(X|) and
¢(X)) functions; and p, ¢ and & are as previously defined. The solution (X*) to the
above equation can then be used to compute the optimal rate of catch and effort. The
optimal fishery rent is then the product of the price of fish and the optimal catch less
the costs of the optimal level of effort.

Sustainable Catch

As mentioned earlier, it is impossible to physically count the fish stock in the ocean.
Hence the stock and the sustainable catch from it have to be estimated in fishery
resource accounting studies. Fishing is basically the application of fishing effort to a
naturally occurring fish stock. The basic element of the fish stock is a cohort, fish
born (hatched) on the same date. The number of fish in the cohort is thus decreasing
over time due to natural mortality, and when exploited, fishing mortality. Each fish
that survives, however, is increasing in weight over time. In the initial phase total
biomass must be increasing as the effects of individual growth exceeds that of
mortality. Since each species has its maximum individual weight, due to the
decreasing number of fish in the cohort over time, the time path of total weight
(biomass) for each cohort must eventually decline. There are basically two
approaches to the modeling of fish biomass (Hilborn and Walters 1992, Gulland
1983, Schaefer 1957). Analytical models describe the dynamics of the stock in terms
of number, and therefore the age of fish, individual fish growth and mortality.
Production (or biomass) models describe the stock dynamics in terms of total
biomass, which is the aggregation of weight over all individuals. The approach taken
here is that of the biomass models.

In the biomass model, the time path of biomass (X,) is normally assumed to follow
the logistic equation;

X, =K/ {1 =[1(K/Xple™} (6)

where 1 is the intrinsic growth rate of the stock and K is the maximum carrying
capacity of the environment, i.e. maximum X.
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Notice that when the stock is not exploited (i.c. no fishing) the biological equilibrium
of the biomass is K. If the stock is below this equilibrium, rate of growth is positive
as the cffects of individual growth exceeds that of mortality (more vigorous growth
with ample food, and less mortality due to diseases and predation). As biomass
increases, the effects of mortality overtake that of growth. The rate of growth begins
to decline and approaches zero as the maximum carrying capacity is realized. This
relationship between growth and biomass is depicted by the following equation:

dX /dt = X, [1 - (X, / K)] 7
Fishing Effort

The fishery biomass is also affected by the intensity of fishing (or effective effort),
measured by biologists as the proportion of fish population surviving the fishing. In
practice the fishing effort in the harvesting sector is usually measured by the number
of boats, the power of the engines, the number of fishing days, etc., each having
different impacts on the fish stock. Hence there is a need to aggregate these various
measures of effort (or nominal effort) and then convert this aggregated effort into
effective effort. In effort standardization, the relative fishing power of various
categories of gear and vessel are first estimated by comparing the catch per unit of
each type of vessel and gear against the catch per unit of a standard vessel and gear.
The relative fishing power is then used to convert the number of vessels in each
category into standardized vessel units which represent the standardized effort. Once
the effort has been standardized, the catch function can be represented as;

H, = qE"X (8)

In equation (8) q is the catchability coefficient which relates the nominal effort unit
to the biological intensity of fishing and E is the standardized effort. It is usually
assumed that o and B have unitary values. This relationship between effort and
harvest is clearly a short-run relationship, as biomass is exogenous in the equation.
Catch is sustainable only if it equals the biomass growth rate. Hence, by equating
equations (7) and (8), solving for X and substituting it back into equation (8) yields
the sustainable (long-run) catch equation:

Hyo=q B, [K - (4K / DE,| ©)

This is sometimes written as

H, /E = U =qK - (@’K /D) E, (10)

where U is the catch per unit effort (CPUE). Various alternative forms of this long run
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relationship have been examined in the literature. The Fox model (1970) uses the
Gompertz instead of the logistic curve and the corresponding equations are:

dX, /dt =X In(K / X)) (7a)
H, = qEKe 9 (%a)
U, = qKe 9B (10a)

Schnute (1977) modifies the basic Schaefer (logistic) model and derived his
corresponding equation;
In(U

1U) =1 —ql(E,, +E) /2]~ (r/qKLU,, +U)/2] (10b)

t+] t+1

Clarke, Yoshimoto and Pooley (1992) modify the Fox (Gompertz) model to derive:

ln(UM) = [2t/(2+1) |In(gK) + [(2-1) / (2+r)]lr1Ul - [q/(2+r)](El+E (10c)

1+l)

All these forms are estimated in this study.
Data

The Department of Fisheries Sabah publishes the Annual Fisheries Statistics (AFS).
Data on number of vessels, landings by gear and by individual species, and prices of
fish are obtained from the AFS. Landings by individual species (more than 70
species) have to be aggregated by the species groups used in this study: demersal,
pelagic, crustaceans, and molluscs. The individual species prices have to be averaged
by species group. Only retail prices are available by species. Ex-vessel prices are
estimated as percentages of prices at the nearest market level. The Japan International
Cooperation Agency (1991) estimated that the producer shares of retail fish prices are
high in Malaysia (between 48.7 — 81 percent). It is assumed here that ex-vessel prices
are 64.85 percent of retail prices for Sabah. Another problem with the price data is
the missing values. Prices for some years are missing for some species and, more
importantly, no price data are available beyond 1993 for Sabah. Missing values are
extrapolated from the nearest available year using the consumer price index values
obtained from the Department of Statistics.

Cost data by gear type are not available in the AFS. Fishing cost data for Sabah are
based on a survey conducted with the help of the DOF Sabah. In total 99
questionnaires were obtained from 13 trawlers, 8 seiners, 38 drift-net operators, and
40 other traditional gear operators. By region, 36 were from Tawau; 33, Kota
Kinabalu; and 30, Beaufort.
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III. RESULTS AND DISCUSSION
Sustainable Catch

The sustainable catch for each species group in Sabah computed from the estimated
dynamics models is presented in Table 1. As mentioned earlier, although all equation
forms were estimated, only the Fox model (Equation 9a) is selected because the
model provided the best fit for each species group in Sabah. Due to the possible
presence of first-order autocorrelation, these models were estimated using the
Cochrane-Orcutt procedure. Based on the estimated equations and the parameters,
the sustainable catches for each species group, as shown in Table 2, fluctuated over
the years from 1979 to 1993. For the demersal species, the highest sustainable catch
occurred in 1986 which was associated with a standardized fishing effort of about
3509 drift net vessels. On the other hand, the lowest sustainable demersal catch
occurred in 1992 (at standardized effort of 10,300 drift net vessels). These results
showed biological overfishing at effort levels higher than 3509 drift net vessels.
Similar results were obtained for the sustainable catches of the pelagics (highest in
1979, lowest in 1992), the crustaceans (highest in 1987 and lowest in 1982), and the
molluscs (highest in 1980 and lowest in 1992).

Rent and Depreciation

From the sustainable catch, the fishery resource rent can be computed. The first step
in the computation of fishery rent is the calculation of total revenues. For this
purpose information on ex-vessel prices are needed. The ex-vessel prices estimated
from the retail price series for each species group are shown in Table 3.

The next step in the computation of rent is the estimation of costs. As mentioned
earlier, information on costs are not reported in the Sabah AFS and thus have to be
estimated from primary data. From the 1997 survey results, cost per vessel by vessel
types was obtained. These were then multiplied by the number of vessels to get the
total fishing costs by vessel type. It should be noted that these costs include the
opportunity cost of labour for the operators. These 1997 estimates are then
extrapolated based on the consumer price indices for various years. The cost
estimates by vessel type are then converted to costs by species group based on the
percentage contribution to total revenue by each species group. This seems logical as
effort tends to expand among species groups according to their contribution to total
revenues. The total costs by species group are then converted to a unit cost estimate
by dividing the former by total standardized effort for each species group. The
estimates of the unit cost per standardized effort by species group are shown in Table
3.
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With the above information in place, fishery resource rent is then calculated as the
difference between total revenue (product of sustainable catch and price) and total
cost (product of standardized effort and unit effort cost) as in Equation (1). Since all
costs have been accounted for, this can be regarded as the returns to the fish stock,
the natural capital. Note, however, this is not a measure of the private financial
profitability of the fishing enterprises.

As shown in Equation (2), the fishing rents as estimated above was amortized at a
social discount rate of 5 percent. The amortized values of the rents, as shown in Table
4 represent a valuation of the fish stock. The amortized rent for the fisheries in Sabah
as a whole were all positive, with the highest and lowest amortized rent occurring in
1988 and 1992 respectively. Amortized rents from the crustaceans were all positive
while the other three species groups had some years with negative amortized rents.
The molluscs had nine, the pelagics had six, and the demersals had two out of fifteen
years with negative rents. Notably, the amortized rents for the pelagics were negative
from 1989 to 1993, while those for the molluscs were negative between 1987 and
1993. Since negative rents can occur in the short-run, the persistence of negative
rents for these species groups point to the need for more effort in collecting accurate
data and a more thorough analysis of the data. The likely candidates for scrutiny are
the price and cost variables and the landing data for these species groups.

The change in the amortized rents, as shown by Equation (3) which is the moving
difference between the rows for the amortized rents in Table 4, is a measure akin to
that of depreciation of man-made capital. As mentioned earlier year to year changes
in rent are also due to the effects of changes in prices of fish and unit costs of effort.
The amortized rents need to be readjusted by taking into consideration the price
effects (see Equation 4). The price effects for various species groups in Sabah are
shown in Table 4. Note that positive price effects indicate the increase in the
amortized rents which are partly due to the fall in price and/or rise in unit cost of
effort from previous to current year.

The final step in computing resource depreciation/appreciation is adjusting the
changes in amortized values by the price effects. This then represents the change in
amortized values due to the change in effort level and its long-run effect on the stock
only, with the influence of price changes removed. Table 5 shows the results for
Sabah. Positive changes in amortized values indicate that they are increasing and that
the fishery stock is appreciating in values. This is the amount that has to be added to
the value of the output from the fishery. On the other hand, negative changes in
amortized values indicate that the fishery stock is depreciating in value. This amount
then has to be deducted from the value of output from the fishery.
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For the Sabah fishery as a whole, depreciations occurred in eight years from 1980 to
1993 (Table 5). The highest depreciation occurred in 1991 while the lowest in 1984.
For individual species group, depreciations occurred in nine years for the pelagics
and molluscs, eight years for the demersals and seven years for the crustaceans. Table
S also shows the correlation coefficients between the level of fishing effort and
depreciations of the fishery resources in Sabah. All the correlation coefficients are
negative which indicate that high level of fishing effort for a particular year results in
higher depreciations (or larger negative adjusted change in armortised rents). These
results imply that fishing effort currently applied to the Sabah fisheries are too high
and need to be curtailed in order to reduce the depreciation of the resource stock.

Optimal Rent and Depreciation

The estimated bioeconomic optimal cffort, harvest and resource rent for various
species groups for Sabah are presented in Table 6. Depending on the ratio of unit
cost of effort and the ex-vessel fish price, it can be observed in Table 6 that the
optimal level of effort for crustaceans was the highest from 1979 to 1993 (ranged
from 3,762 to 4,314 standard drift net vessels) while those for the molluscs were the
lowest (from 1,554 to 1,625 standard drift net vessels). The optimal levels of effort
for the demersals and pelagics ranged from 2,424 to 2,840 and 2,528 to 2,867
standard drift net vessels respectively. Similarly, optimal rent for crustaceans was
the highest among the various species groups in Sabah, ranging from RM45 to
RM139 million from 1979 to 1993. On the other hand, the optimal rent for
demersals was the lowest from 1979 to 1985, but in more recent years from 1986 to
1993, the optimal rent for the molluscs was the lowest among the various species
groups.

The optimal depreciation values for the various species groups in Sabah from 1979
to 1994 arc presented in Table 7. The optimal depreciation was calculated by
subtracting the optimal rent from the current rent and then amortized at a social
discount rate of 5%. The aggregated optimal depreciations for all species groups
ranged from RM245 million in 1979 to RM5746 million in 1992. In terms of
individual species groups, all the values were negative except for the demersals in
1979 and the crustacean in 1983. The negative values indicate that the amortized
values of the optimal rent were higher than the amortized values of the current rent.
This result implies that it is possible to increase the values of the fishery resources for
all species groups in Sabah from the current levels. An inspection of Table 7 reveals
that the demersals registered the lowest optimal depreciations while the pelagics had
the highest in Sabah.

Comparisons of the percentage change in annual and optimal levels of fishing effort
and depreciations from 1979 to 1993 are shown in Table 8. The percentage changes
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in effort level showed that the annual effort levels were higher than the optimal effort
level for the various species groups from 1984 to 1993. Note that 1982 was an
exceptional year for Sabah where the level of annual effort was rather low for the
various species groups compared to the optimal effort.

Table 8 also reveals that the percentage changes in depreciation values were all
negative for the various species groups in Sabah from 1979 to 1993 except for the
demersals in 1979 and the crustaceans in 1983. The negative percentage changes
show that the annual depreciations were much lower than the optimal depreciations.
The average percentage change ranged from negative 47% for the crustaceans,
negative 148% for the demersals, negative 488% for the molluscs and negative 536%
for the pelagics. The significant correlation coefficients in Table 8 show that the
percentage change in effort was negatively related to the percentage change in
depreciations for all species groups in Sabah. These results imply that if fishing effort
can be reduced from the current level for the various species groups, the rents from
the fisheries can be increased and consequently would lead to the reduction in
resource depreciation.

IV. CONCLUSION

This paper has presented the analyses of the contributions of the fishery resources to
the income of the Sabah state for the period 1979 to 1993. Data were drawn mainly
from the Annual Fisheries Statistics of the Sabah State’s Department of Fisheries and
a cost survey of fishing enterprises in Sabah. Data were aggregated into four species
groups: demersal, pelagic, crustacean, and molluscs.

The results show that the fishery resources in Sabah depreciate (contributed
negatively to income) in eight years from 1979 to 1993. A more significant result is
that there exists a negative relationship between the levels of fishing effort and
depreciation. This implies that a high level of fishing effort has resulted in a large
depreciation for the Sabah fishery resources. Similarly, the results of the
bioeconomic optimal analysis show that the values for the various species groups in
Sabah experience substantial optimal depreciation between 1979 and 1993.
Furthermore, there appears to be an inverse relationship between optimal
depreciation and the intensity of fishing.

These results imply that the fishery resources in Sabah are currently overexploited.
Moreover, they had been exploited far beyond their bioeconomic optimal levels.
There exists tremendous potential to improve the income contributions of fishery
resources in Sabah if fishing effort can be curtailed. In this regard, policies designed
to reduce fishing effort should be actively pursued. The potentially higher rents
foregone from the fishery resources in Sabah should be treated as costs of exploiting
the fishery stocks: These coststhave beenlargely ignored in the present system of
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accounting for the contribution of fishery resources to the Sabah State’s income.

The study shows that there exists considerable scope for the potential application of
the resource accounting framework in fisheries. Further work is clearly needed in this
area. Refinements of data relating to landings, prices, costs, gear and species of fish
by region arc clearly needed to reduce the impacts of missing and questionable data.
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