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EXECUTIVE SUMMARY

The Samar Island Biodiversity Study (SAMBIO) seeks to estimate the total economic value
of alternative uses of the Samar Island Forest Reserve (SIFR) to provide better basis for
determining the optimal land use allocation. The results of various resource assessment and
valuation efforts of SAMBIO generated on-site values of production and recreation, bequest
and existence values for old growth forest and carbon sequestration services. These values
were subsequently used in a linear programming model to determine the optimal land use
allocation in the area.

Three scenarios were explored: (0) no change, or status quo; (1) the implementation of the
Samar Island Biodiversity Project (SIBP) without mining and (2) SIBP with restricted mining.
Requirements for maintaining areas critical to watershed protection were imposed as
con5traints, as were conditions such as preservation of the old growth forest area and no
further expansion of agricultural areas. In addition, two simulation analyses were
considered using the third alternative scenario as the base case: (1) the 90% reduction in
mining income and 2) a fifty fold (SOX) increase in the non-use value of protection forest to
account for the rest-of-the country valuation.

The results show that the implementation of the SIBP, whether it is without mining or with
mining, will increase the total economic values of SIFR in general as compared to the
present, no change, levels. The higher economic values would come from the improved
management as proposed by the different component studies of SAMBIO. There was an
improvement in the total economic value by PhP2H.SB in Scenario 1 and by PhP36.1 B
und,>r Scenario 2 compared to the status quo. Thus, with economic efficiency
con,iderations, it is imperative to implement the SIBP. Each scenario is likely to have
minimum impact on environmental damages off site and in situ because of the constraints
imposed on the extent of land uses and minimum area requirements for specific uses.

It was also shown by the optimization run under Scenario 2 that mining is economically
attractive with the highest marginal value product. If restricted mining will be allowt>d in
the area, an additional PhP7.5B in revenues will be generated out of the activities. Ii. on the
other hand, unabated mining will be allowed, more mineral areas will be explorE'Cl as
shown by the attainment of the maximum area constraints for the three mining activities.
Excppt for monetary rewards promised by mining, however, there are a lot of hazards
posr,i by these activities to the environment and lives within the SIFR and nearby areas.
Some of the possible negative impacts were predicted by the impact and risk assessment
team of SAMBIO and were raised by civil society during public consultations.

Based on the shadow prices of the resources, the current economic values of old growth
forest and its biodiversity as well as recreation are considered very low. Forcing them into
the I,md use mix will decrease the value of the benetits derived from SIFR. There is a need
then>fore to have a look and update these estimates considering that it is the whole country
as well as other countries that are benefiting from these land uses.

iv
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ECONOMIC ANALYSIS OF LAND USE ALLOCATION
FOR THE SAMAR ISLAND FOREST RESERVE

1. INTRODUCTION

It is recognized that any successful land use allocation decision has to be set within the
environmental, social and economic constraints of the particular locale. Mathematical
programming allows us to capture the physical systems of the farm, the environment and
the market place. In addition, the range of possible adivities represented in the model is
not only restricted to 'what is' but also allows analysis of 'what could be possible'. At the
very least, modeling of the land use systems enables the researcher to establish quantified
links between the inputs and outputs from the processes involved in the farming system.
Indeed. the modeling process increases understanding of the systems asa whole; and
allows the static data and information to become dynamic and more enlightening. It also
highlights aspects that lack information, paving the way to further improvements in the
future.

Physical land evaluation provides no objedive method to compare different land uses for a
given land area when there are multiple concerns to consider since there is no inherent
common scale of measure between the land uses. While we can count the number of
physical constraints to each use, it is difficult to compare their relative severity or degree of
limitation. Some constraints may lead directly to yield reductions, but others are only
E'xpressed as management difficulties. Thus, we need some objedive and commensurate
comparison of costs and benefits for each land use on each land unit. In many situations, it
is re<llistic to use economic measures of costs and benefits, and then use these to quantify
the I<lnd use potential and suitability, according to the land evaluation definition.

Planners and decision makers do not only base their decisions on the basis of expected
economic value alone. In addition, three other factors need to be considered, namely:
col1'traints, risk, and multiple objectives. A manager of a defined production unit, such as
a farm, has a certain set of resources, including a defined land area, which usually consists
of several evaluation units. The challenge faced by the manager is to use each land unit so
as to maximize benefits summed over the whole land area which is managed as an entire
production unit.

2. THEORETICAL FRAMEWORK OF LINEAR PROGRAMMING

Linear programming (LP) is an applied mathematical technique for finding optimal solutions
to planning problems. Linear optimization consists of trying to find the optimal value
lmaximal or minimal value, depending on the problem) of a linear function of a cNtain
number of variables, given a set of linear constraints on these variables (equalities or
inequalities). The LP framework allows a planner to seled from a wide range of activities.
Objectives for the planning process commonly include maximiZing returns from or
minimizing costs of an enterprise.

2.1 Why is Optimization Needed?

A constraint is a limitation on action, something that prevents us from acting as we would
like. In the context of economic land evaluation, it is a condition that prevents us from
simply allocating land to its best use in a purely monetary sense.

Sam.lr Island Biodiversity Study (SAMBIO)
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These constraints arise because the decision maker usually has limited resources that can
be allocated to the production unit, such as land, labor, capital or water. In addition to
these resource constraints, the decision maker may also face production constraints, i.e., a
production level that must be achieved from the production unit. For example, a minimum
production constraint may refer to a level that is needed to meet basic needs while a
maximum limit may pertain to a level beyond which a glut in supply and consequently, a
price collapse, may occur. In the face of these constraints, the naive solution, i.e., to
allocate to each land unit, within the production unit, its best use as predicted by the
simple optimization economic model, may not be feasible because the constraints do not
allow it. Thus, a further step is needed to modify the simple economic model, namely,
optimization under constraints. The techniques of mathematical programming are very
well-Developed and are appropriate for determining the optimum combination of land uses
subject to constraints.

2.2 What is Being Optimized?

We want to maximize benefits to a production unit, i.e., the economic unit considered as a
whole. In production agriculture, the production unit is usually the farm, which in turn is
made up of management units, Le., parcels that will be managed without further division.
In forestry,the nrndl,ction unit is the set of parcels (lots) under single management. i.e., for
which the benefits are aggregated by some manager.

In farm planning, we usually aim to maximize the net return to the whole farm. for
example, the sum of the gross margins of all the land in the farm. The so-called objective
funCTion Z expresses the expected return:

L~.·ai·'/ I

where R; is the net return per ha. for land use i and a; is the area, in ha., to be allocato>d to
land use i.

2.3 Constraints

TllPre are four kinds of constraints to the allocation of land:

<1. The amount of land is limited: This is always a limitation: we cannot allocate more land
Ihan we have. Furthermore, we must allocate non-negative amounts of land. This may
be implicit in the model solution but usually must be explicitly stated, otherwisl> the
'olution may be unbounded or unphysical.

b. The amount of an input is limited: One or more production factors may be in limited
>upply. The most common limiting factors are labor hours and relatively fixed assets
,uch as machinery or animal power, and working capital. There may also be a limit on
Ihe amount of a variable input (such as fertilizer) that can be obtained, but usually these
,Ire considered to be unlimited and their use is restricted only by additional cost-benefit
considerations.

c. There are restrictions on the allocation of land: There may be policy reasons which
require that either a minimum or maximum amollnt or proportion of land be allocated
In ,1 certain use. For example, in a forestry plantation of 10,000 has., it may be required
Ihdt at least 1,000 has. be allocated to high-quality trees for lumber, regardless of the
pconomics, because of government or donor policy. (It may turn out in the end that

Sam,1f Island Biodiversity Study (SAMBIO) 1
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more than 1,000 has. will be allocated to high-quality trees.) In the case of tourism
development, it may be that only at most 10% of the land can be developed, because
otherwise the attractiveness of the area for tourism would be diminished.

d. There are restrictions on production: There may be policy reasons that require that a
minimum or maximum amount or proportion of product be produced. For example, a
plantation owner may have contracted to deliver at least 3000 board feet (bd ft) of
certain species of lumber for a special purpose; or, he may only be allowed to deliver
up to only 3000 bd ft of specific wood because of a quota system to control production.

2.4 Mathematical Programming

The techniques of mathematical programming are very well-developed (Hazell, 1986;
Hillier & Lieberman, 1986; Winston, 1991) and are appropriate for determining the
optimum combination of land uses subject to constraints.

The simplest kind of model is a linear model: all constraints, as well as the objective
function, must be linear combinations of the decision variables. This system does not allow
interJctions between constraints. In cases where there are non-linear terms, the program is
called non-linear. If some variables must be integers le.g., whole machines), it is an integer
program. Both of these variations are harder to solve compared to the linear model, but still
feasible for small programs.

2.5 Formulating the Mathematical Model

The model may be formulated as a matrix: the columns are the 'land utilization types'
(activities) and the rows are the production factors.

a. Identify the land use options, also called the activities; these are the columns of the
model; the units of measure of the columns are land area, e.g. hectares.

b. Identify the independent variables e.g. productioll factors such as labor and land; these
,Ire the rows of the model.

c. Express the objective function, which is the sum of the returns from all the activities,
'lIld whether it is to maximize (usual case) or minimize. The returns from activities are
I>xpressed on a per land area basis (for example, PhPlha) and are computed for activity i
<lS:

c; =i:,yieldk price!r;j -i:,inputu pricer
l:;'~ Ii I

where the yields and input amounts are per hectare and the selling or buying prices are
per unit of yield or input. The sums are over all ki outputs and all jt inputs for the
"ctivity.

d. Express the constraints on the independent variables as a function of the activities. The
right hand side gives the total amount of the constraint that is available to be allocated,
lin units of constraint).

These are usually expressed in the linear programming tableau. Following the notation
(Hazell, 1986):

...

Sam.,,. Island Biodiversity Study (SAMBlO) 3 ...
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Activities X, X, X. RHS
Objective c, D en Maximizefunction
Resource
Constraints:
1 a" a1:.! a.. :9>,
2 a>, a>2 a>. :9>,

M am'

( 1 )

...
Using this notation, we can write the linear programming model as follows:

n
maxZ= 2:: coX,

j:l J J

such that

and

"2:: a,,' XJ'< b" \fi =1..m
j:l •

(2 )

(3)

Condition (1) is the objective function; we want maximum benefit from the activities,
Condition (2) is the set of n constraints on the activities. Condition (3) assures that all
activities are positive.

2.6 Assumptions of Linear Programming

The ,lssumptions of linear programming are quite strong, although in practice many can be
said to apply 'more or less: and there are techniques to get around the most severe. The
most important assumptions are:

J. !lOmogeneity: each unit of a resource or activity are identical; this is especially limiting
in land evaluation where we precisely want to differentiate land areas, i.e. it defeats the
purpose of land evaluation.

IJ. cominuity: resources can be used, and activities produced, in fractional units.

c. ~l(lditivity: if more than one activity is undertaken, their total product is the sum of the
.tetivities taken individually. There is no interaction, either positive (synergism) or
11E'§2:;-'v·c, Cin long activities.

d, proportionality of rewrns: the gross margin is considered to be constant on a per unit
basis, i.e., there is no economy of scale nor diminishing reWrns. Among other things,
Ihis assumes perfect price elasticity, which is reasonable on a production unit that is
only a small part of the total production capacity.

e. proportionality of production functions: the resource requirement is considered 10 be
constant on a per unit basis, i.e., there are no diminishing returns as more of the ,input

Sam." 1,land Biodiversity Study (SAMBIO)
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is used, nor is there any threshold effect. All production functions are linear rays
through the origin.

In mathematical notation this assumption is:
n

kZ= 2:c.(kX.)
j=1 J J

so that by multiplying all production factors by k, the output is also increased k times.

2.7 Slack Variables

To solve inequality equations (e.g., total land use not to exceed 100 has., total labor not to
exceed 15 person-months), it is most convenient to convert the inequalities to equalities by
introducing a so-called slack variable 5: . .

n n
2:a .. X.<b- 2:a ..X.+s.. =b

j=1 Y J - I j=1 Y J I I

In the solution to the linear program, the amount of slack indicates the amount of the
resource that was not used and so was in oversupply. This is important information for the
planner. Slack values of zero (Le., there was no slack, all of the resource was used) usually
indicate that, had more of the resource been available, a different solution would have
been obtained.

2.8 Duality and Shadow Prices

Equ,ltions (1) to (3) define the primal problem, which when solved tells the planner how
much of each activiW to engage in, in order to maximize returns. To increase returns. the
producer must acquire more of some fixed resource (the constraints), assuming that prices
and yields do not change. The next question, hence, is, how much should the producer be
willing to pay for another unit of some limiting resource? Below some price, it would be
worthwhile because, having thereby relaxed the constraint, a greater value of the objective
function would be obtained. In a linear programming problem, there is a single value of a
limiring resource that answers these questions. It is known as the shadow price, or, in
economic theory, the marginal value product. We can formulate the linear program so it
directly supplies the shadow prices A.;:

m
min W = 2:b;A.,

;=1 -

such that

-
...

and

m
J aijA.; ~c; '<!) = L.n
i=l

A.;~O '<!i=l...m

( 2' )

( 3' )

The shadow prices, which, according to (3) must be non-negative, are assigned such that
(1) the total value W of the entire resource base is minimized, subject to the constraints (2)
that the total value of resources used by an activity is at least the gross margin c earned by
th,lt ,lCtivity (otherwise we. would be losing money on that activity). Thus, we can think of

Sanw Island BiodiverSity Study (SAMBIO) 5
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this ,15 a conservative approach to resource allocation: we allocate the minimum value of
reSourCe possible, as long as we meet the gross margin.

2.9 Sensitivity Analysis

In the linear programming model, all the coefficients a, b, and c are assumed to be known
without error and to be rigid. It is rarely the case that technical coefficients a are known
with high accuracy. Also, prices and yields, which when combined produce the c
coefficients, are also notoriously difficult to predict. Finally, the supposedly rigid constraint
levels b may in fact be somewhat flexible.

To allow for these realities, sensitivity analysis, where the coefficients are systematically
varied until activity levels change, is usually conducted. The results measure the sensitivity
of tlw solution to the changes in the coefficients. For example, the range of possible input
and <Hlt:c~: p~iC-=5 Ci::l b-= examined to see if the activities should change, and if so. at what
ptiu' lJoints. What is interesting to note here is that, even if we are somewhat wrong about
prices and factor levels, and hence, about the actual value of the objective function that
will be· attained, within a certain range we will still end up choosing the same activities at
thp same levels.

APPLICATION OF THE METHODOLOGY TO THE PROPOSED SAMAR ISLAND
NATIONAL PARK

The present land use inside the Samar Island National Park (SINP) is as follows: old growth
forest, 132,408 has.; open canopy forest 208,050 has.; cultivated areas including 2,151
has .. arable lands and crops mixed with coconut, 4,478 has.; and 16,060 has. of protE'cted
area' including the 840 has. of the Sohoton Natural Bridge National Park. The remaining
forests contain numerous endemic species of flora and fauna including those listed as
thre;ltpned species of the International Union for the Conservation of Nature.

The Island is also rich in mineral resources. Among those that have economic potential for
mining are bauxite, copper-pyrite, laterite nickel and limestone. Once these mineral
resources are explored, the areas that will likely be affected are as follows: bauxite, 3,240
has.; copper-pyrite, 648 has.; nickel, 648 has. and limestone. 648 has. The arpa of
influpnce of potential bauxite mining includes the actual mining site as well as the area
spanning a radius of 5 km around it.

3.1 Sources of Data

The data on net benefits, expressed as NPV, draws from various SAMBIO studies on lorest
resource assessment, watershed assessment. recreation survey, household survey of non
use values. environmental risk assessment, and mineral risk assessment. Secondary data
wen' also used to derive estimates of costs and returns on various agricultural production
anivities being undertaken within SIFR. These status QUO estimates represent the total
economic values of the different land uses in the area; they pertain to current levels of
man'lgement which may be characterized as non-{)ptimal: without effective protection.
oppn access. and unsustainable.

Two ,llternative scenarios were explored in the analysis and compared with Scenario °
(status I1UO condition). These are: (1) the implementation of the Samar Island Biodivprsity
ProjPct (SIBP) without mining and (2) SIBP with restricted mining allowed. Under Scenario
t. tlw SI BP is fully implemented as designed, i.e., under the project funding, most of the

5.1111.)( Island Biodiversity Study (SAMBIO)
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assistance is targeted at the preservation of the forest for biodiversity purposes and only
limited production activities will be allowed in the buffer zone. Under this scenario, mining
explorations are not allowed. Under Scenario 2, activities in Scenario 1 will also be
undertaken, but mining will be on a restricted level only. The net present value (NPV)
estimates for Samar Island Forest Reserve (SIFR) from the current land uses and the two
alternative scenarios are presented in Table ,. Under Scenario 1, the NPV for Protection
and Recreation were assumed to be lOX that of the values in Scenario O. The NPV of the
residual tree forest is 4X and industrial tree plantation is 2X; these values are computed
according to economic sustained yield harvests, given the current inventory of such
resources. In the case of agricultural production, the value used for Scenarios 1 and 2 refer
to a mix of crops, all of which are being optimally managed. In contrast, the baseline
condition for agricultural production is assumed to be only 10 percent of the optimal value.

These are fair assumptions considering that the Samar Island Biodiversity Project (SIBP)
plans to enhance the total economic values of the land uses within SIFR, with bias for
protection of biodiversity and the environment. The main difference between Scenarios 1
and 2 is the inclusion of mining activities as permissible land use within the SIFR domain.

Table 1
Net Present Value (NPV) Estimates of Current land Use in Samar Island,

Under Different Scenarios

...

...

...

....

Old growth forest (Xr:PROn 9,490 94,900 94,900 \HI
Bequest and other non-use values 79,900
Carbon sequestration 15,000

Residual, timber forest (X"RTF) 27,630 110,509 110,509.
iJroiWood 101,570

Rattan 8,000
Carbon sequestration 939

Industrial tree plantation (XdTP) 54,678 109,356 109,356
Wood production 90,636
Carbon sequestration 18,720

Agro-forestry (X4:AF) 188,845 188,845 188,845
Wood and food production 186,145
Carbon sequestration 2,700

Recreation (Xs:REC) 3,217 32,170 32,170
Second growth forest 2,040 ...
01 d growth forest 4,080

Agricultural production (X,:AGR) 5,325 53,252 53,252
Coconut 59,860
Abaca 201,379
Upland rice 65,213
Upland corn 25,368

Bauxite mining (X"BAUX) 10,359,164
Copper-pyrite mining (X8:CUPY) 2,252,292
Nickel, laterite mining (Xo:NICK) 739,834
Limestone mining (X'D: Lime) 5,736 57,362
Settlement (Xl1:SET) 1,000 1,000 1,000

Samar Island Biodiversity Study (SAMBIO) 7 -
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In addition, some simulation runs were done to determine how changes·in the projPcted
valups of key land uses would influence the outcome of the linear programming analysis.
Two conditions were considered for simulation analysis. These are:

SR 1.- NPV of mining, except limestone in Scenario 2 reduced by 90%. This allows for a
very conservative estimate of mining income and wa5 executed to assess whether with this
low income, mining would still be an attractive option for the SIFR.

SR2.- NPV of protection increased by fifty fold (SOX) to account for positive valuation by
the rest of the country for existence and bequest values of the SIFR. The SOX adjustment
was made since the number of households in Samar Island's account for approximately 2%
of the total number of households in the country. In addition, it was assumed that thp ITP
and Agro-forestry will increase twofold (2X) due to increased efforts to promote tree farming
in thp ~:FR cummunities.

3.2 The Formulated LP Model

/vlaxifllize: rotal NPV from the various land uses

Slib/pct ro: resource constraints

Using the data and technical coefficients in Tables 1 to 3, the working LP model formulated
is th us:
SO. Max 9,490X, + 27,630X, + S4,678XJ + 188,845X. + 3,217Xs + 5,325X• ...

5,736XIO + 1,000X"

51. Max 94,900X, + 110,509X, + 109,356X3 + 188,845X. + 32,170Xs ... 53,252>:,.....
1,000XII

52. Max 9,490X, + 110,509X, + 109,356X3 + 188,845X. + 32, 170X, + 53,252X. .;
10,359, 164X7 + 2,252,292X. + 739,834X9 ... 57,362X,o + 1,000X"

Subjpct ro the following constraints:

-

1. X, -" 132,408

2. X, + X, ... X, + X. + X.~200,000

This area was found to be closed canopy as of
1988,includes old growth forest and dense secondary
forest. This is to be set aside as protection forest for
habitat, biodiversity preservation, bequest, option ,lnd
existence valu~s

The minimum area that is considered critical for
watershed pro:ection should only areas vegetated with
forest or forest-like vegetative cover.

3. X. _ 208,050 The residual forest should not be more than what it is
now, i.e., no logging is allowed in the present. closed
canopy forest.

),lI",i( I,/and Biodiversity Study (SAMB/O) 8
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4. X, + X, S; 120,000

5. X" s; 1,000

6. X, ;" 16,060

7.X,;:;648

8. X,;:; 324

9. X·,;:; 324

10. X",:O; 3,000

. ··~IWF*%$
W··:::m..;:~4%b~~
·1~b:i?J:~

..:AA~I~1'11
Agro-forestry and agricultural production should not be
more than 120,000 has. including buffer zone.

Settlement per household area is 500 sq. 01.; the
number of households will not be allowed to increase
beyond current level

Forest allocated for recreation may go beyond the
current area to minimize the environmental risk to
biodiversity that monoculture poses.

The maximum mining area of potential mining in
Concord, HinCibangan

Maximum potential mining area for copper and pyrite
is only 324 has. for small scale operation

Maximum potential mining area for nickel is only 324
has. for small scale operation

limestone which is found in 30% of the whole island,
may be extracted at 1°sites of at most 300 has. each

11. X, + X, + ... + XlO + Xll S; 570,000 Total area allocated for all· activities

12. Xi, i - 1,2,... 11, ;" ° Non-negativity constraints

where:

X, - area devoted to old growth forest (Prot)
X, - area devoted to residual and timber production forest (RTF)
X, - area devoted to industrial tree plantation (ITp)
X, - agro-forestry activity (AgroF)
X, - recreation (Rec)
X" - agricultural production (Agric)
X, - bauxite mining activity (Baux)
X" - copper and pyrite mining (CuPy)
X" - nickel mining and laterite (Nickel)
X", - limestone mining (Lime)
X" - settlement (Sett)

4. RESULTS AND DISCUSSION

The formulated models were implemented and run using Tara, an LP software based on
Tahd (1992) and outputs are summarized in Tables 2 to 6. The following section discusses
these results.

...

Samar Island Biodiversity Study (SAMBIO) 9
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4. 1 Scenario Analysis

4. 1.1 Land Use Mix

Table 2 shows the value of the objective function and land use allocation under the
different scenarios. Under Scenario 0 (status quo) the value of the maximized objective
function is PhP40AB. The land uses that are viable are protection, industrial tree plantation,
agro-forestry and recreation. The least viable land uses, on the other hand, includes RTF,
agriculture, limestone mining and settlement The land use mix under the pre-SIBP
scenario, in order of magnitude are as follows: industrial tree plantation, 301,532 has.; old
growth (protected) forest, 132,408 has.; agro-forestry, 120,000 has.; and recreation, 16,060
has .

Table 2
Values of Objective Function and land Use Allocation Under Different Scenarios

Obi Func Value (P) 40,456,785,920 68,959,447,040 76,499,896,320

Land allocation (has.)

Protection 132,408 132,408 132,-108
RTF 0 208,050 208.050
ITP 301,532 93,482 92.186
Agil I-forestry 120,000 120,000 120,000
Agrirtllture 0 0 0
Rpf rp.<ltiOIl 16,060 16,060 16,060
Bill"ite n.a. n.a. 648
Cully n.a. n.a. 3")·'-~

Ni, b,1 n.a. n.a. 324
Lin·d.:>~tone 0 n.a. 0

Setllernent 0 0 0

TI1<' parameters of Scenario 1 (with SIBP and no mining) differ from Scenario 0 (Status quo)
differ in various ways. With SIBP, the value of protection forest (Prot) is amplified ten times
to indicate the potential impact of vigorous information and education campaigns on the
benpfits of biodiversity protection. The unit NPV of PhP11 0,509 per hectare for the variable
RTF is expected to result in levels of highest economic sustained yield potential from
sustainable residual forest management In contrast, the status quo scenario where illicit
timbpr harvesting prevails at levels and technologies ,hat are subsistence and unsustainable
lin terms of absence of protection and silvicultural treatments) is assumed to yield only 10
pereplll of the sustainable residual forest production level. The estimated NPV from well
man.lged ITP is PhP109,360, which is expected under high survival rates of 80'~, and
effective protection of the plantation. On the other hand, under status quo, the current tree
pl.lIll.ltion's low performance is likely to generate only half the NPV of well m,lI1agPd
pl'1I11,1Iions because of low survival rates. Agro-forestry is already among the options

S.JIll.lf "land Biodiversity Study (SAMBIO) 10
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currently likely to be available even without SIBP as a result of other technical assistance
from complementary projects; thus, a value of PhP188,850 per ha. NPY is used for all
three scenarios. The current (status quo) recreational values estimated by a SAMBIO study
(Rosales, 2001) of PhP3,217 per hectare is based on current visitation patterns and visitor
profile. This may be expected to increase tenfold with improved forest conditions and
increased appreciation by visitors as a result of SIBP. At the same time, optimal
management of agricultural production is expected to result in a weighted NPV of
PhP53,250 per hectare from combined production of abaca, rice, corn and other crops. In
contrast, current low levels of management are likely to have led
to only 10 percent of this potential to prevail under the status quo situation. The limestone
mining activity was dropped from the model because this scenario prohibits mining within
the SIFR.

Under this scenario with SIBP, the value of the maximized objective function is PhP68.9B.
This is a PhP28.5B (or US$s70M) improvement compared to the without-SIBP scenario.
The land use mix corresponding to the formulated model is as follows: old growth forest
(132,408 has.); residual timber forest (208,050 has.); industrial tree plantation (93,482
has.); agro-forestry (120,000 has.) and recreation (16,060 has.). Under this scenario, RTF
entered into the basic solution because of its high NPY (4X that of Scenario 0). The "land
allocated to ITP would be lower by about 70% compared to the without SIBP run result
because of higher income that RTF would generate. The only hindrance that prevented RTF
from using even more area is the constraint set on it, Le., 208,050 has., since the cutting of
old-growth forest is not allowed.

Under Scenario 2, mining activities will be allowed within the SIFR. The results show that
the maximized objective value reaches PhP76.sB. The inclusion of mining activities in the
SIFR results in the improvement in the value of the objective function by PhP7.sB
compared to the 'with SIBP' Scenario 1 and by PhP36B compared to the 'without SIBP'
scenario. The resulting land use mix corresponding to the formulated model is as follows:
old growth forest, 132,408 has.; residual timber production, 208,050 has.; industrial tree
plantation, 92,816 has.; agro-forestry, 120,000 has., recreation, 16,060 has., bauxite
mining area, 648 has., copper-pyrite, 324 has., and nickel mining, 324 has. This scenario
showed that if restricted mining will be allowed in the area, an additional PhP7.sB in
revenues will be generated out of the activities. In the event that more deposits are
discovered, unabated mining might ensue; e.g., more mineral areas will likely be explored
as shown by the attainment of the maximum area constraints for the three mining activities.
This is a risk that should be taken into account if mining were to be considered as an option
withi n the SIFR.

The economic importance of any land use can be gauged based on its contribution to the
attainment of the goal or objective. The contributions of the different land uses under the
different scenarios considered are presented in Table 3. Under the base case scenario, the
highest contribution in the maximization of total economic value (objective function) is
from agro-forestry, PhP22.7B followed by ITP, PhP16.5B; protection, PhP1.26B; and
recreation, PhPO.OsB. In Scenario 1, the activity that has the highest contribution to the
objective function is RTF, PhP22.99B. This is followed by agro-forestry, PhP22.7B;
protection, PhP12.57B; ITP, PhPlO.22B; and recreation, PhPO.5B. The higher contributions
of RTF and protection were due to the projected improvement of NPV due to the
implementation of SIBP.

Samar Island 8iodiversity Study (SAM810) " 11
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Under Scenario 2, the activity that has the highest contribution to the objective function is
RTF, PhP22.998, followed by agro-forestry, PhP22.668; protection, PhP12.578; ITP,
PhPlO.08B; mining activities <bauxite, PhP6.718; copper-pyrite, PhP0.738; and nickel' and
last I\" recreation, PhPO.5B.

Table 3
land Use Contribution to Objective Function (Pesos) Under Different Scenarios

Proreetion 1,256,551,936 12,565,519,360 12,565,519,360
RTF 0 22,991,605,760 22,991,605,760
ITP 16,487,116,976 10,223,191,680 10,081,461,120
Agrn.iorestry 22,661,400,576 22,662,000,640 22,662,000,640
Agri culture 0 0 0
Recreation 51,665,020 51 7,132,000 517,132,000
Bcll~xite n.a. n.a 6,712,736,000
CuPy n.a. n.a. 729,741.920
Nirkel n.a. n.a 239,704.920
Liwestone 0 n.a 0
Sell Iel1lent 0 0 0

4.1.2 Reduced costs

Reduced cost represents the increase in the marginal return or the decrease in per unit cost
of re'source needed to make the activity in the lP model just profitable. Table 4 shows the
reduced costs of the different land uses under consideration. Under Scenario 0, agriculture
is tl1f' least attractive because it has the highest reduced cost, this is followed by settlement.
limestone and residual timber forest production.

Whdt this implies is that in order for agriculture to be as profitable as the other land uses in
the optimal mix, its NPV must be increased by PhP183,520 per ha. Similarly, the
settlement's NPV should be increased by PhP53,678 and RTF's by PhP27,048 to be able to
enter into the optimal solution.

Of the remaining land uses under Scenario 1, agriculture and settlement are still not part of
the basic solution because of their large reduced cost. In order for these activities to enter
il1lo the solution, the NPVs of these land uses have to be increased by PhP135,600 per ha.
for "griculture and PhP108,360 per ha. for settlement. The entry of RTF into the basic
solution was made possible by increasing its marginal return by 3X as much compan'<1 to
its'-'PV in Scenario O. This increase is more than the minimum value needed (PhP27.0481
to Ill.,ke it enter into the optimal mix of land uses.

Unrlf'r Scenario 2, agriculture is still the least attractive land use considering its high
reduced cost of PhP135,600. Settlement is next with a reduced cost of PhP108.360,

<;""',11' 1,land Biodiversiry Study (SAMBIO) ! 2
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followed by limestone (PhP52,000). In other words, under the scenario with mmmg,
agricultural production, limestone quarrying and settlements remain inferior land uses, in
terms of efficiency.

Table 4
Reduced Costs (PhP/ha) of the Different land Uses Under Different Scenarios

....

-

Protection 0 0 0
RTF 27,048 0 0 ..
ITP 0 0 0
Agro-iorestry 0 0 0
Agriculture 183,520 135,600 135,600
Recreation 0 0 0
Bauxite n.a. n.a. °CuPy n.a. n.a. °Nickel n.a. n.a. 0
Limestone 48,942 n.a. 52,000
Settlement 53,678 108,360 108,360

4.1.3 Shadow Prices

In linear programming, the dual prices, also known as shadow prices, represent the value
per unit of the resource constraints. They are used to evaluate whether employment of
additional resources will increase or decrease the value of the objective function. The
shadow prices of the different 'constraints are presented in Table 5. In all the scenarios
considered, the shadow prices associated with constraints 1 and 6 are negative. These
constraints are the minimum limit of hectarage for protection and recreation. Since the
shdc10w prices are negative, an increase beyond the limit set will have an adverse effect on
the net present value of the system. In the results obtained, an increase by one hectare
beyond what is allotted for protection forest will cause a decrease in the total economic
valup by PhP45,188, 14,460 and 14,460 under Scenario 0, Scenario 1 and Scenario 2,
respectively. Similarly a one hectare increase in recreation area will reduce the total NPV
by PhP51,461 in Scenario 0 and PhP77,160 for each of the two succeeding scenarios.
These results indicate that the current economic values of these two environmentally
oriented land uses are still considered low. This means further that for areas allotted for
protection and recreation to increase, the values attached to them must be higher. This can
be done by correctly pricing the value of these resources-not only to reflect valuation of
the people of Samar but also those of the rest of the country, and possibly, the rest oi the
world. That is, the protection of these areas for biodiversity conservation and recreation,
clIm>ntly have high opportunity costs when only local values are taken into account.
Rdtl1Pr, their protection can presently be justified only when global concerns are also
factored in - indeed, this is the motivation for the present assistance from the Global
Environmental Facility in the form ofthe SIBP.

San",,' Island BiodiverSity Study (SAMBIO) 13
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The other constraints considered in the different scenarios have positive shadow pricE'S. A
posirive shadow price indicates that an increase in area of these resources will improve the
valup of the maximized objective. For instance, a one hectare increase in the area devoted
to bJuxite mining (constraint 7) will increase the value of the objective function by
PhPI0.2M.

It was shown by the optimization run under Scenario 2 that mining is economically
attractive and that it has the highest marginal value product. Except for monetary rewards
promised by mining, however, there are a lot of hazards posed by these activities to the
environment and lives of the SIFR and nearby area occupants. Some of the possible
negative impacts were predicted by the impact and risk assessment team of SAMBIO and
werE' raised by civil society during public consultations. It should also be noted that up to
this point, only efficiency considerations are taken into account. Equity concerns are not yet
factored into the analysis (N.B. this concern is tackled in the SAMBIO integrative report
(delos Angeles, Francisco and Rosales, 2001)).

Table 5
Dual (Shadow) Prices of Various Resource Constraints Under Different Scenario~

.. CO:lstraint 1 (> ) -45,188 -14,460 -14,460
COllstr,lint 2 (>) 0 0 0
CO:lStraint 3 ( <) 0 1,150 1.150.. COllstraint 4 ( <) 134,167 79,490 79,~90

COllstrdint 5 (<) 0 0 0
COllstr..lint 6 (> ) -51,461 -77,160 -77.160
COllstr<lint 7 (<) 0 10,249,800
COllstr<lint 8 ( <) 2,142,930
COllstrdint 9 ( <) 630,470

MIl COlIstr,lint 10 «) 0
Cnnstr <lint 11 «) 54,678 109,360 109.360

.-
4.2 Sensitivity Analysis

Sen' Itivity analysis is designed to study the effect of changes in the parameters of the model.. on the optimal solution. This seeks to answer questions, like how much change is allowed
in th,., parameters to keep the solution still optimal.

..

The results of the sensitivity analysis are shown in Table 6. With regard to the parametprs of
tl"., objective function under Scenario 0, Protection (Prot) has a range of negative infinity to
PhP;4,678 (-;;0, P54,678). This means that within this range, assuming other parameters
rel11.lin unchanged, the solution will still be optimal. As for the other objective function
jJ.lrc1Il1Pters, the following ranges were obtained: RTF (-;;0, PhP54,678); ITP (PhP27,6:a) to

.\.l/1J.lr 's/and Biodiversity Study (SAMBfO) 14
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PhPI 88,845); AF (PhP54,678 to co); Agri (-00 to PhP188,845); Rec (-00 to PhP54,678); Lime
(-cc to PhP54,678); and Sett (-<6 to PhP54,678).

Table 6
Sensitivity Analysis of Objective Value Parameters Under Scenario 0 (Status Quo)

xl Prot 9,490 -infinity 54,678 0
x2 RTF 27,630 -infinity 54,678 27,048
x3 ITP 54,678 27,630 188,845 0
x4 AF 188,845 54,678 Infinity 0 ....
x5 Rec 3,217 -infinity 54,678 0
x6 Agri 5,325 -infinity 188,845 183,520
x7 Lime 5,736 -infinity 54,678 0
x8 Sett 1,000 -infinity 54,678 53,678

4.3 Simulation

Simulation runs were done to determine what would be the effect of changing some of the
parameters in the model to the land use mix within the SIFR. Furthermore, simulation was
conducted to determine when old growth forest would have a positive shadow price so that
additional area allocated to it will improve the objective function instead ofdecreasing it as
in the"case of the status quo and the two scenarios considered. Some of the simulation runs
don., include reducing the NPV of mining except limestone in Scenario 2 (sim run 1) and
amplifying the NPV of old growth forest by SOX, ITP and agro-forestry by 2X. These rE'sults
are summarized and presented in Tables 7 and 8. The land use allocation in Scenario 2 and
sim run 1 are identical, except for nickel. This is not surprising considering that even if only
10% of the NPV of mining activities is being considered, this is still comparable to the
NPVs of other land uses. This means that they are still economically viable activities. The
only difference is that the value of the objective function was reduced to PhP6.9B only or
almost 9% of the original. On the other hand, under sim run 2, the objective function was
improved. tremendously by PhP153.3B. The land allocation corresponding to this
simulation run includes 552,644 has. for protection, 16,060 has. for recreation, 648 has.
for bauxite mining, 324 has. for copper-pyrite, and 324 has. for nickel mining. The land
allocation for mining did not change compared with Scenario 2. The increase in area
allocated to protection came from the area which used to be allocated for RTF, ITP and
agro-forestry while that of mining did not change (Table 71. This finding indicates that even
if th,> NPV of agro-forestry and ITP were doubled, the land allocated for mining would not
change. This only shows that if indeed the value attached to old growth forest can be
increased as a result of conserved gene pool of endemic species it harbours, then it pays to
increase the area for this land use.

The shadow prices of constraint 1 (associated with protection) and constraint 6 (associated
with recreation) did not become positive under sim run 1 (Table 8). This means that even if
the NPVs of mining are reduced by 90%, increasing the area for these two land uses

,""'",. Island Biodiversity Study (SAMBIO) 15
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beyond the present limit will be detrimental to the total economic value of the goal. Under
sim run 2, however, the shadow price of area devoted to old growth forest is not negative
anymore but zero (0). This indicates that at the adjusted marginal return from this activity,
an increase in the area allotted for it will not further improve the maximized total NPV
within the SIFR domain. The shadow price of recreational area, however, remained
neg,ltive, hence additional area will only reduce the total NPV by PhP368,800.

Table 7
Values of Objective Function and Land Allocation Under Different Simulation Runs

""
Obi Fune Valu!' (P) 76,499,896,320 6,959,740,416 229,809,561,600

Land allocation: (Unit NPY) (Has.) (Unit NPY) (Has.) (Unit NPY) (Has.)

Prot 94,900 132,408 94,900 132,408 401,000 552,644

RTF 110,510 208,050 110,510 208,050 110,510 0
ITP 109,360 92,186 109,360 92,510· 218,710 0
:\grl>F 188,850 120,000 188,E-50 120,000 377,690 0
ReI. 32,200 16,060 32,200 16,060 32,200 16,060
Agric 53,250 0 53,250 0 53,250 0
8.H·'\ 10,359,160 648 1,035,920 648 10,359,160 648
Clli)\, 2,252,290 324 225,230 324 2,252,290 324

~ii 'el 739,830 324 73,680 0 739,830 .. ') _1
)-~

lin I:'. 57,360 0 57,360 0 57,360 0

iiII Set 1,000 0 1,000 0 1,000 0

Table 8
Shadow Prices associated with the Different Constraints Under Different Simulation Runs

COJlstraint 1 (» -14,460 -14,460 0

COllstraint 2 (» 0 0 0

COllstraint 3 «) 1,150 1,150 0

(orblraint 4 «) 79,490 79,490 0

COllstr,lint 5 «) 0 0 0

(ollstraint 6 (» -77,160 -77,160 -368,800

iii (ollstraint 7 «) 10,249,800 926,560 9,958,160

C"ilstr,lint 8 «) 2,142,930 115,870 1,85U90
(o"straint 9 «) 630,470 0 333,830

(~(}Ilstrdint 10 «) 0 0 0

C,,,"lr,lint 11 «) 109,360 109,360 401.000

.',1I1l,',. Island Biodiversity Study (SAMBIO) If>
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5. SUMMARY AND CONCLUSIONS

The SAMBIO study seeks to determine the optimal land use mix for Samar Island Forest
Reserve (SIFR). It employs the linear programming tool to determine the optimal land use
allocation in the area. The data on net benefits expressed in present value terms over 25
years was obtained from the various SAMBIO component studies and secondary data. Two
alternative scenarios were evaluated vis-a-vis the status quo. These are: (1) the
implementation of the Samar Island Biodiversity Project (SIBP) without mining and (2) SIBP
with restricted mining allowed.

Under Scenario 0 (status quo) the value of the maximized objective function is PhP40AB.
The land use mix under this pre-SIBP scenario consists of industrial tree plantation, 298,532
has.; old growth (protected) forest, 132,408 has.; agro~forestry, 120,000 has.; recreation,
16,060 has. and limestone mining, 3,000 has.

In alternative Scenario 1 (with SIBP without mining), the value of the maximized objective
function is PhP68.9B. This represents a PhP28.5B improvement compared to the pre-SIBP
scenario. The land use mix corresponding to the formulated model is as follows: old growth
forest (132,408 has.); residual tree plantation (208,050 has.); industrial tree plantation
(93,482 has.); agro-forestry (120,000 has.) and recreation (16,060 has.).

With· Scenario 2 (SIBP with limited mining), the value of the objective function is
PhP76.5B. The inclusion of mining activities in the SIFR resulted in the improvement in the
value of the objective function by PhP7.5 B compared to Scenario 1 and PhP36.1 B
compared to the pre-SIBP scenario. The resulting land use mix corresponding to the
formulated model is as follows: old growth forest, 132,408 has.; residual tree plantation,
208,050 has.; industrial tree plantation, 92,816 has.; agro-forestry, 120,000 has.,
recreation, 16,060 has., bauxite mining area, 648 has., copper-pyrite, 324 has., and nickel
mining, 324 has.

Reduced cost represents the increase in the marginal return or the decrease in per unit cost
of rE>source needed to make the activity be equally profitable to the land uses included in
the optimal mix by the LP model. The analysis of the reduced costs shows that in all the
scenarios, agriculture is the least attractive. This means that its income has to be improved
substantially before it can be considered part of the optimal solution.

The analysis of the shadow prices also provided important insights into the significance of
the various land uses that are in the constraint equations. It was shown that the shadow
prices for protection and recreation areas are negative, which means that increasing their
hectarage in the optimal mix would reduce the value of the objective function. The
implication is that they are not valuable enough at the current assessment of their value,
indicating further that additional effort to adequately reflect full value of protection forest to
society should be exerted. The same is true for recreation area reflecting the limited
appreciation or promotion of the important recreational areas in SIFR. The other constraints
considered in the different scenarios have positive shadow prices indicating that an
inU<'ase in the use of these resources will improve the value of the objective function. In
particular, a one hectare increase in the area devoted to bauxite mining (constraint 7) will
incrPdse the value of the objective function by PhP1 0.2M.

Two simulation analyses were considered. One is to reduce mining income to only 10"/" of
that used in Scenario 2. The other scenario is to multiply the non-use value of protection

....
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forest by 50X to account for the valuation of the rest of the country. The results show that
the land use mix is not influenced by the reduction in mining income, even if done at a
substantial level. What changes though is the value of the objective function, which was
reduced substantially as well to PhP6.9B due to the 90% reduction in the NPVs of mining.

Under the second simulation run, the objective function was improved tremendously by
the increase in the value of protection forest to account for existence value by the rest of
the country. The new objective function increased by PhP153.31 Bwith the land mix being:
552,644 has. for protection, 16,060 has. for recreation and 648 has. for bauxite mining,
324 has. for copper-pyrite, and 324 has. for nickel mining. The land allocation for mining
did not change compared to Scenario 2. The increase in area allocated to protection came
from the area, which used to be allocated for RTF, ITP and agro-forestry. This only sho'A'S
that if indeed the value attached to old growth forest can be increased as a result of
conserved gene pool of endemic species it harbours, then it pays to increase the area for
this land use. However, the land uses that are sacrificed are those that are currently
important to the people, being sources of their Iivelihood. The expected change therefore
may be difficult to realize in reality, as mining tends to be inequitable compared to the
lower valued land use alternatives.

From the findings presented the following conclusion can be drawn: the implementation of
the SIBP, whether it is with or without mining will increase the total economic value of
SIFR in general. The increase will come from the improved management as proposed by
the different component studies under the SAMBIO project. This was shown in the two
scenario runs undertaken. Both scenarios are superior to the base scenario. There was an
improvement in the total economic value by PhP28.5B in Scenario 1 and by PhP36.1 B
und"r Scenario 2 compared to the status quo. Thus, with economic efficiency
considerations, it is imperative to implement the SIBP. Each of the scenarios is likely to
impact on environmental damages off site and in situ. Least environmental damage is
expf>cted from Scenario 1 because most activities undertaken are targeted towards forest
presfwation (this concern is tackled in the integrative report).

It WdS also shown by the optimization run under Scenario 2 that mining is economically
attractive with the highest marginal value product. Ii restricted mining will be allO\Vf'd in
the area, an additional PhP7.5B in revenues will be generated out of the activities. If, on the
other hand, unabated mining will be allowed, more mineral areas will be explorExl as
shown by the attainment of the maximum area constraints for the three mining activities.
Except for monetary rewards promised by mining, however, there are a lot of hazards
pOSE,j by these activities to the environment and lives within the SIFR and nearby areas.
Some of the possible negative impacts were predicted by the impact and risk assessment
team of SAMBIO and were raised by civil society during public consultations.

Based on the shadow prices of the resources, the current economic values of old growth
forest and its biodiversity as well as recreation are very much underestimated. There is a
need therefore, to have a look and update these estimates considering that it is the whole
country as well as other countries that are benefiting from these land uses.

Impl,'menting a linear programming approach enabled assessment of the trade-offs among
various objectives: environmental and economic, local and global concerns. The analysis is
mpanl to provide broad directions associated with biodiversity conservation. Subsequent
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work, allocating smaller sized, land management units, is expected to be tackled once the
SIBP is initiated, and with the participation of various stakeholders. The present work is
thus indicative of what may be explored under alternative scenarios: without SIBP or status
quo, with SIBP, or with SIBP cum restrained mining. It tackles only economic efficiency
and environmental considerations. Other concerns such as equity, risk and uncertJinty,
institutional and political factors are taken up in other specialized reports and the
integrative analysis of SAMBIO.

....

....

..

...

Sa,,"'" Island Biodiversity Study (SAMBIO) 19



delos Angeles, MS, Francisco, SR & Francisco, HA. Economic Analysis of Land Use Allac for SIFR

.. REFERENCES

Briassoulis, H. 2000. Analysis of Land Use Change: Theoretical and Modeling Approaches.
hnp://www.rri.wvu.edu/WebBook/briassoulis/Chapter3<Theories).htm. Accessed january
2001.

Duiker, S.W. n.d. Research in an Ecoregional Framework for Sustainable Land Use and
Fooel Production: Report of a Symposium. http://www.cgiar.org. Accessed january 2001 .

.,.-__,-,-_. 1997. Guidebook on the Preparation of a Sustainable Land Use Plan. Vol. 1.
Sustainable Development Models and Systems Subprogramme (SDMS)-Jntegrated
Environmental Management for Sustainable Development (IEMS D) Programme.

Francisco, S.R. et al. 1998. A Systems Approach to Agricultural Land Use Planning at the
Provincial and Municipal Levels of Jlocos Norte Province, Philippines. In Roener, R. et a/.
Eds. Exchange of Methodologies in Land Use Planning. Sysnet Research Paper Series 1\.0. 1.
IRRI. Los Banos, Laguna.

Francisco, S.R. 1997. Optimum Cropping Panern for the Rainfed Areas of lIocos t-:orte.
Crop Science Journal. Los Banos, Laguna.

Hazell, P.B.R. 1986. Mathematical Programming for Economic Analysis in Agriculwre.
New York: Macmillan. 400 pp. In Rossiter, D.G. 1994. Part 4: Economic Land Evaluation.
hnp:/lwwwscas.cit.comell.edu/landevai/le notes/s494ch4p.htm. Accessed january 2001.

. -
Hengsdijk, H. et al. 1994. An Integrated Approach for Analysis of Sustainable Land Use.
Selected and edited proceedings of the Symposium 'Scenario Studies for the Rural
Environment,' Wageningen, The Netherlands. 12-15 September.

Hillier, F.S. and Lieberman, G.). 1986. Introduction to Operations Research. 4"' edition.
Oakland, CA: Holden-Day, xviii, 888 pp. In Rossiter, D.G. 1994. Part 4: Economic land
Evaluation. hnp://wwwscas.cit.comell.edu/landevai/le notes/s494ch4p.htm. Accpssed
january 2001.

Lan~igan, F.P. et al. 2000. Exploring Agricultural Land Use Options for lIocos Norte,
Philippines. In Roener, R. et a/. Eds. Systems Research for Optimizing Future Land Use in
Soulh and Southeast Asia. Sysnet Research Paper Series No.2. IRRI, Los Banos, Laguna.

Malafant, K.W.). and D.P. Fordham. (Eds.). 1997. Integration Frameworks in Agricultural
and Resource Planning and Management. In R.K.. Munro and L.M. Leslie. Climate
Preelietion for Agricultural and Resource Management: Australian Academy of Science
Conierence, Canberra, 6-8 May 1997. Bureau of Resource Sciences, Canberra. pp 287-304.

Netherlands Scientific Council for Government Policy. 1992. Ground for Choices: Four
Perspectives for the Rural Areas in the European Community. Sdu uitgeverij, Plantijnstraat,
The Hague.

...
Sam"r Island Biodiversity Swdy (SAM8/0) 20



----------- ---._-----

delos Angeles, MS, Francisco, SR & Francisco, HA. Economic Analysis of Land Use AI/oc for SIFR

Rossiter, D.G. 1994. Part 4: Economic Land Evaluation. http://wwwscas.cit.comell.edu/
landeval!le_notes!s494ch4p.htm. Accessed jantuary 2001.

Spreen, T.H. and T. Takayama. 1980. A Theoretical Note on Aggregation of Linear
Programming Models of Production. American journal of Agricultural Economics. Vol. 31.
pp 146-151. "'.

Taha, H. A. 1992. Operations Research: An Introduceion. 5'" edition. Macmillan Publishing
Co. New York.

Van Ittersum, M.K., R. Rabbinge and H.C. Van latesteijn. 1998. Exploratory Land Use
Swelies and Their Role in Strategic Policy Making. Agricultural Systems. Vol. 58, No.3.

Wagner, H.M. 1975. Principles of Operations Research. 2"" edition. Prentice-Hall, Inc.,
Englewood Cliffs, N.j.

Winston, W.L. 1991. Operations Research: Applications and Algorithms. 2'''' edition.
Boston: PWS-Kent. 1262 pp. In Rossiter, D.G. 1994. Part 4: Economic Land Evaluation.
http://wwwscas.cit.comell.edu/landeval/le_notes!s494ch4p.htm. Accessed january 200 1.

Salllar Island Biodiversity Study (SAMB10) 21


