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ABSTRACT

A mathematical progremming model of the Philippine agricultural sector
was used to look at alternative scenarios for the year 2000. Model results
Indiceted an expanding cgricultural sector able to meet the neéds of the
Philippines. However, improved technolgies for corn, feedgrains and
vegeiehle crops are required if higher relative prices for these and

livesiock products are to be avoided.

KEYWORDS: Agriculturel sector analysis, Philippines, mathematical programming,

projections, development planning.



The Philippines Agricultural Sector in 2000 A.D.:
Results from 1the MAAGAP National Model

Over the past seQeral years a mathanatical pregremming model for the

. Phllippine agricultural seci@or has been developed for pollcy and planq}ng
analysls, The purpose of this paper is to report on the use of the MAAGAP 1/
In looking ahead to the year 2000 using alternative export prices of sugar

. and coconut products. Since the theory, structure and validation of the
model has been reported elsewhere it will only be summarized in this paper.
(see Vunkel, Rodriguez, Gonzales, and Allx, Xunkel, Gonzale and Alix). Next
the general essumptions used for the analysis are given. Following this

analysis of the results obtained and their implications for planning will

be discussecd.

General Components

The MAAGAP nationai model is a mathematical programming model that eval-
-luafes the economic aspects of the Philipplne agrlicultural sector at the na-
tional level, The model assumes the following coﬁdlfions: a given set of
national supply of resources (land, labor, capital): a set of national demand
for agricultural commodities; and production technologies.

The overall objective was to aggregate and analyze the majority of the

agrlcultural "activities in sufficient detall to obtain probable adjustments

1/ This reserach was part of the agricultural Diversification and markets
projects a join* USDA and The Bureau of Agricultural Economics, Economics
project funded by USAID, National Science to Developmert Borad of the
Philippines, Philippine Council of Agricultural and resource. Research
and the The Philippine Ministry of Agriculture. MAAGAP is a Filipino
word which means "alert", ahead" symbolic of the spirit of planning.
Literally, it can be translated as Mode!l Analysis of Agricultural Adjust-
ments In the Philippines
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on the production patterns, resource quuirCMuﬁ?S, proceséing-dlsfribufion
and transportation needs at +he national level-,

With the use of a mathematical programwing fremework, an integrated
picture of Philippine agriculture can be depicicd. The {remework permittad
the identificution of production-processing-disiribution opportunities and
specifications of alternative activities cunpeiing for the sector's |imited
resources with demand linkages. The mode!l uscd !inear progrSmming techniques
to simplify the camplex reles that the agricultural sector plays in the Philippine
economy.

Figure | presents a flow diagram of the mcdel. 2/ The arrows trace
the flow of goods and.services from the input side (resour ces) through primary
production and processing activities to final dcanand (domestic and export).
The eieven crops Taken together comprise 93 puicent of the total area and
86 percent of the total value of crop produciion in Philippine agricutlure.

The unit of inquiry in this study was focused on aggregated homagro-
'econanic area based on econanic, agronamic, and eavironmental characteristics
such as rainfall, physical landscape, soil, prcdomfnanf crops and other fac-
tors. The delineation made it possible to identify areas within which only
particular types of agricultural products can be raised. Furthermore, the
stratification facilitates the identification of the existing and putential

patterns of agricultural production in the country.

Activities and Constraints

Activities in the model represent a varicty of choices at the national

2/ Overall, the MAACAP Model contained [58 rows (constraints) and 504
columns (activities) in the 1972 bace.
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Schematic Diagram of the Adam National Model
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level. They were developed for the various enterprises according to land
capability clases, water availability, usage of fertilizer and modern inputs
and yield levels. The production activities transformed the production
inputs into either final outputs or intermediate products whicﬁ were in

turn used as inputs in other activities.,

. Intermediate activities transformed output into final form used for
consumption. Example of such activities are rice and corn milling, sugarcane
milling and copra oil procéssing. Furthermore, by-prodcts of these inter-
mediate activities were used as crop-livestock linkages in the form of both

backyard and commercial feeds.
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| nput sppply activities were also provided for fertilirzer, chemicals,
short-term capital, tractor service, animal and man letor. Man labor supply
activities rebresenfed farm (femily labor) and non-farm (hired labor) soufces
distributed on a bi-monthly period throughout the yecor.

Sales.and revenue were formulated to represent scjmented demand function
using constant elasticities. Elasticities for each of the different products
were esfiméfed outside of the model. |

Sugar Is exported and sold danestically while copra is processed into
~crude and refined oil for éxporf and demand consumption, respectively. Im-

ported activities for-rice, corn.graln, and fecedstuffs are provided in the
model to take care of shortages In rice domesfic.demand and commercial feeds.

The approach in calculating the demand objective function for the pro-
ducts was by grid linearization and separable progremming. With the latter
approach and the additional assumption of convexity, the colution will never
‘use more than two of the senmenter activities in.The dcinand set of a parti-
cular conmodity.

Resource constraints include man, animal and tractor constraints all
expressed In bi-monthly periods; five land capability classes divided seml-
annual ly; capital and chemical constraints expressed in peso unlts; fertllizer
constraints expressed in pure NPK forms; crop arca and sugar capacity con-
straints; restraints on livestock inventory and feced rcjuirments; import-export
quotes; séveral miscel laneous balance equations and convex combination con-

straints for the demand segments the I3 final products.

The Planning Problem

Over the past several years their has been an inferest in looking ahead
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to the ycar 2000 as well as cvaluate current economic plans, The MAAGAP model
has been used several times during these efforts first with the midterm evalua-
tion of the 1973-76 four year plan and later for 1980, 1985 and 2000 (Kunkel
and Gonzales; Kunkel, Gonzales, and Alix). Many of these analyses were done
for a specific purpose with di*ferenf underlyina assumptions. For this analysis
a consistant set of assumptions were used for the 1977-82 plan period with
projection for 1987 and 2000. The MAAGAP mode! projections are used as a con-
sistency check of the projections made independently by the agricultural plan-
ning groups for the plan. As much as was possible the same assumptions and
data uscd for the plan were used by the MAAGAP model.

The general procedure used in making projections was to modify the model
Inputs based on the best avallable Information as to what the future supply
of fixed resources, particularly land, would be and the l!eve!l of prices for
resource supplied at flixed cost for ecach period. For some resources such as
tractors and irrigated land after 1987, purchase activities were provided to
add to bese period inventories. 1In addition, imﬁorf and export price levels
for those conmodities traded had to be set.

It was also necessary to allow for some level of technological change
In the production of most conmodities. This was Incorporated by examlning
the trend over fhe_pasf twenty five yearg for the (gﬁbs included in the.
model. This together with discussions on potential yields was used to allow
at least the same rate of change to occur over the next twenty five years,
It was feit that technological change was not witout cost so thai for the
Incremental increase in yields over base period yields the current average
fertilizer raquirement was added. The only increase in labor used was for

harvesting. This was increased at the average rates used during the base
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period. Only in the case of coconuts where a new iechnology for hybirds
is on the horizon were specific new production activities added.
Three general pricing scenarios vwere used to reflect high, medium and

low export prices for coconut and sugar products. Scenario | assumes that

low price levels for both sugar, crude coconut oil and copra will prevail
throughout the period. Scenario I! assumes a medium sugar price and the
same coconut product prices as in Scenario l. Scenario Il assumes relatively

high sugar and coconut product prices. In addition, for the year 2000 the
sugar milling capacity éoﬁéfrainfs were relazed. The specific assumptions
as well as other cammon assumptions are given in Kunkel et. al. Detalled
discussion of the procedure used can be found in the Data Base of the MAAGAP

(Gonzates, Kunkel, Alix).

RESULTS

Sectoral Effects

Results from the model showed that Scenario lil or the assumption of
optimistic prices for sugar and coconut products, would have the highest posi-
five'impacr on farm Income, employment, export, and the general usage of
agricultural inputs in the agricultural sector from 1976 to 2000. If however,
pessimistic sugar and coconut prices were assumed (Scenario 1), the results
wogld have uegafivé effect on farm income, exports and gencral price levels
within the same time frame as Scenario ill,

Farm income as estimated by MAAGAP in Scenario | would decline slightly
until 1982 and then lncreage from then on until the year 2000. Scenario |1
shows farm income increasing throughout the period with a 3.8% per annum

growth rate overall. Scenario 111, as expected showed substantial increase
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in farm Income In all perlods ending with a 4.75% per annum growth rate.
Glven the recent International sugar agreccnt, Scenario | docs not appeer
likely to occur and the suceeding discussion will only refer to Scenario's
It and 111,

Input roquirements for a grewing agriCUifural sector calls for fairly
large Increases in non-traditional inputs such as fertilizers, chemical,
feadstuffs and tractor services with only a moderate increase In animal and

mar lebor Inputs (see table I),

Tab', l.--Summary of Growth Ratcs Per Annum of Input D=mand

Resource Tl Period : Growth Rate
On Farm Employment : : 1.6-1.8%
Anlimal Labor : : l.3-1.8%
.Tractor Services : 1976-1987 : 12-13%
- : 1987-2000 : 5-6¢

Fertllizer : 1976-1987 : 4-59

: 1987-2000 : ' 3-4¢
Chemicals : : 2.5-3%
Commerclal Feeds : 1976-1987 : . 7%

: 1987-2000 : 6%

Supply-Demang Balance

The results of the MAAGAP model solution give the supply-demand balance
at equllibrium product prices for the projected resource availabilitles and
prices over the period. These supply-demand balances provide an indication
cf how the agricultural sector will meet projected aemand level at what prices
and levels (see tables 2, 3, 4).

Of principal importance lIs h?w future demends for rice and corn are met.

Rice production i< indicated ?gngfficienf to be meet future demand without any

substantial changes in real prices for Scenario Il. This means that production
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Increases at about the siume raie as demand is expected to increased 7> Increasec
at 2.7% per anaum from 76-82 and declining to 2.25% by the year 2000 without
much surplus. Since in this analysis no ric2 exports wore allowed and rece *
technological breakthrough have noi been incorporated a future analysi; will
explore whether exports are possible and at what prices. |In Sencario 1l with

~ hlgher prices for sugar and coconut products given, the growth in palay output

Is slowed. This results in somewhat higher prices up fo 1987 and scme Imports

In the year 2000 due to subsfifufion of sugasr production for rice.

For corn production the mode! indicates some problems given the rates of
technological. change assumed. In both Scenario | and Il corn production increases
at only modest raTeg and requrics significantly ﬁigher prices to induce this in-
crease in output. Thus, there must be a significant brezkthrough in term of
production Technology for corn, or apprecpriate substitutes develoend, if this
situation is to be avoided.

The production of bananas for damestic consumption and vegetables (leafy,
fruit type, and root) appears to be In balance at stable prices up through
1987. Thereafter increased output is only obtained at higher prices. This
Indicates the need of a better production technology for these crops by 1987.

for the two export crops included in the model, sugar and coconuts, growth
rates "in production decline after 1982 for both Scenarios Il and |11, The
hléher price option for coconuts does, however, significantly affect their
output Indicating that even with hybrid production, sufficient price incentives
must be maintained. For both of these products fairly rapid growth rates in
domestic demand will affect export availabilties in the year 2000.

Finally for livestock products, the necessary production iﬁcrease to meet

the large projected increase in demand occurs only with higher prices particularly



by the year 2000. However, there is some doubt whether the high income elastici-
tles of demand used will hold at higher consumption levels cr whether the income
growth will result in sufficient purchasing oower to support those high growth

rates. Thus, these growth rates in demnand are probably reasonab{e and the higher
price levels may not result. These demand levels were used primarily to reflect

the most optimistic demand leve!s which might occur.

CONCLUS IONS

Implications for Planning

The above analysis, based on the best informafion‘available and certain as-
sumptions about the cﬁanges in resource availabilities and technology, has high-
lighted some problem areas in the attaimment of deveiopmenf plan goals for
agriculture. Of principal importance is the need for improved technologies
for corn, feed-grain and vegetable crops if higher relative brices for these
and livestock products than now exist are to be avoided. |

In addition, the increasing damestic demand for sugar and coconut ofl
products arc likely to reduce their availability for export in future yeary,

For sugar given the development of high fructose processes which converts corn
or other carbohydrates into fructoses it may be just as wel! to careful{y explore
alternaties to sugar. Once these are develoepd they can be incorporated in the

model for Indicating the feasibility and impact on the agricultural sector.

Limtations anc Directions for Further Analysis

The principal limitations of equilibrium models must be kept In mind: first
Is the sensitivity of the model to specification error and second is the com-
parative static equillibrium approach. Thus, the results presented in this

paper should bé¢ interpreted in terms of expected directional changes and relatie



-10-

magnitudes rather than expected absolute quantitative changes.

In addition, the model still cdoes not have canplete coverage of the agrij
Culfural sector and this is only a partial anzlysis. Further expansion of the
mode! to Include excluded canmodities particularly for export crops such as
'bananas, abaca and tobacco is needed in order to realistically reflect the foreign
trade canponent. On the other hand, energy and other imported inputs need to be
more explicitly covered if policy implications on changes in energy costs are to
be adequately handled.

The model is most useful for the policy issues which can be asily quantified
in terms of a major change in demand for output, changes in input supplies or
changes in proddcfion techniques. .1t is not very useful for fine tuning agricul-
tural policy for either small changes of a particular input or other parameters
which represeﬁf only a small canponent of the agricultural sector. It is also
not useful for policy issues which are of a short-run or cycle nature (less than
one year). For these kinds of problems other models and analytical techniques
are more appropriate. Wh;f is important is for the analyst to be able to relate
the analysis needed to the problem and then use the type of analysis that is
appropriate. As such the MAAGAP model serves a useful purpose but should be

complemented by other models and analyses.
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Tedle 2. MMCAT Catirsteo of Annual Crovth Rates of Sclected Agricultural
Juéfcature, Ly Scenarto, Phtlippincs, 1926 - 2000
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}_I Velghted for each cosrolfity by ¢ividing production of cach comwodity by totsl value of production, 1972 = 100,

Yodle 3. MIACAP [sticates of Annual Crovth of Froduction of Selected Agricultural
Troducts by Scenarlo, Fhilippines, 1926 - 2000
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Table &, YAACAY Pstfeates of Trices 1/ of Selected 2pticultural Froducts,
by Scenrrio, Philippings, 197(-2000
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