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ABSTRACT
 

A mislhematical programming model of the Philippine agricultural sector 

was used to look at alternative scenarios for the year 2000. Model resulls 

Indicated an expanding agricultural sector able to meet the needs of Ihe 

Philippines. However, improved technolgies for corn, feedgrains and 

vegetable crops are required If higher relative prices for these and 

Ilvesiock products are to be avoided. 

KEY:0ODS: Agricultural sector analysis, Philippines, mathematical programming, 

projections, development planning. 



The Philippines Agricultural Sector in 2000 A.D.:
 
Results from ihe ;AAGAP National Model
 

Over the past several years a mathenatical programming model for the
 

Philippine agricultural sec or has been developed for policy arid planning
 

analysis. The purpose of this paper is to report on the use of the MAAGAP I/
 

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 Kunkel, Rodriguez, Gonzales, and Alix, Kunkel, Gonzale and AlIx). Next
 

the general ?ssumptions used for the analysis are given. Following this
 

analysis of the results obtained and their implications for planning will
 

be discussed.
 

General Components
 

The MAAGAP national model is a mathematical programming model that eval­

uates the economic aspects of the Philippine agricultural sector at the na­

tional level. The model assumes thz following conditions: a given set of
 

national supply of resources (land, labor, capital): a set of national demand
 

for agricultural ccmmodities; and production technologies.
 

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

agricultural activities in sufficient detail to obtain probable adjustments
 

I/ 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 Development 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.
 
Llterally, it can be translated as Model Analysis of Agricultural Adjust­
ments In the Philippines
 



on the production patterns, resource requirc:,;..-,1s, processing-distribution 

and transportation needs at the national levc:l'.
 

With the use of a mathematical programniiqg fra-mework, an integrated 

picture of Philippine agriculture can be depici,_d. The framework permitted 

the identificE:tion of production-processing-di.,'ribution opportunities and 

specifications of alternative activities ccipcting for the sector's limited 

resources with demand linkages. The model used !inear programming techniques 

to simplify the complex roles that the agricultural sector plays In the Philippine 

economy.
 

Figure I presents a flow diagram of the model. 2/ The arrows trace
 

the flow of goods and.services from the input side (resources) through primary
 

production and processing activities to final deomand.(domestic and export).
 

The eleven crops taken together comprise 93 prccent of the total area and
 

86"percent of -the total value of crop produclion in Philippi.ie agricutlure.
 

The unit of inquiry in this study was focused on aggregated homagro­

economic area ba:ed on economic, agronomic, and environmental characteristics 

such as rainfall, physical landscape, soil, predominant crops and other fac­

tors. The delineation made it possible to identify areas within which only
 

particular types of agricultural products car, be raised. Furthermore, the
 

stratification facilitates the identification of the existing and pot ential
 

patterns of agricultural production in the country.
 

Activities and Constraints
 

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

2/ Overall, the MAACAP Model contained 158 rows (constraints) and 504
 
columns (activities) In the 1972 base.
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level. They were developed for the various enterprises according to land
 

capablity clases, water availability, usage of fertilizer and odern inputs
 

and yield levels. The production activities transformed the production
 

inputs into either final outputs or intermediate products which 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 processing. Furthermore, by-prodcts of these inter­

mediate activities were used as crop-livestock linkages in the form of both
 

backyard and commercial feeds.
 



-4-


Input supply activities were also provided for ft.-tili;!er, chemicals, 

short-term capital, tractor service, animal and man lat'or. Ilan labor supply
 

activities represented farm (family labor) and non-fi:ri: (hired labor) sources
 

distributed on a bi-monthly period throughout the year.
 

Sales and revenue were formulated to represent sc-L.::!tnied demand function 

using constant elasticities. Elasticities for each of the different products 

were estimated outside of the model. 

Sugar is exported and sold dcnestically while copra is processed into 

crude and refined oil for export and demand consumption, respectively. Im­

ported activities for-rice, corn grain, and feedstuffs are provided in the 

model to take care of shortages In rice domestic demand and commercial feeds.
 

The approach in calculating the demand objective function for the pro­

ducts was by grid linearization and separable programming. With the latter
 

approach and the additional assumption of convexity, the solution will never
 

use more than two of the segmente?,activities in the dc;nand set of a parti­

cular cromodity.
 

Resource constraints include man, animal and tractor consfraints all 

expressed in bi-monthly periods; five land capability classes divided semi­

annually; capital and chemical constraints expressed in peso units; fertilizer
 

constraints expressed in pure NPK forms; crop area and sugar capacity con­

straints; restraints on livestock inventory and feed roquirments; import-export
 

quotas; several miscellaneous balance equations and convex combination con­

straints for the demand segments the 13 final products.
 

The Planning Problem
 

Over the past several years their has been an interest in looking ahead
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to the year 2000 as wel I as cvaluate current economic plans. The 14AAGAP 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 different underlying assumptions. For this analysis
 

a conslstant set of assumptions were used for the 1977-82 plan period with
 

projection for 1987 and 2000. The MAAGAP model 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 povsible the same assumptions and
 

data used 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 available Information as to what the future supply
 

of fixed resources, particularly land, would be and the level of prices for
 

resource supplied at fixed cost for each period. For some resources such as
 

tractors .3nd irrigated land after 1987, purchase activities were provided to 

add to base period inventories. In addition, import and export price levels
 

for those commodities traded had to be set.
 

It was also necessary to allow for some level of technological change
 

In the production of most commodities. This was Incorporated by examining 

the trend over the past twenty five years for the 4Wrs 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 felt 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 were used to reflect high, medium and
 

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

low price levels for both sugar, crude coconut oil and copra will prevail
 

throughout the period. Scenario II as;sumes a'medium sugar price and the
 

same coconut product prices as in Scenario I. Scenario Ill assumes relatively
 

high sugar and coconut product prices. In addition, for the year 2000 the
 

sugar milling capacity constraints were relaxed. The specific assumptions
 

as well as other comrron assumptions are given in Kunkel et. al. Detailed
 

discussion of the procedure used can be found in the Data Base of the MAAGAP
 

(Gonzales, Kunkel, Alix).
 

RESULTS
 

Sectoral Effects
 

Results from the model showed that Scenario Ill or the assumption of
 

optimistic prices for sugar and coconut products, would have the highest posi­

tive impact 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 I), the results
 

would have negative effect on farm income, exports and general price levels
 

within the same time frame as Scenario Ill.
 

Farm income as estimated by MAAGAP In Scenario I would decline slightly
 

until 1982 and then increase from then on until the year 2000. Scenario II
 

shows farm income increasing throughout the period with a 3.8% per annum
 

growth rate overall. Scenario Ill, as expected showed substantial increase
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In farm Income in all periods ending with a 4.75% per annum growth rate.
 

Given the recent International sugar agre(nient, Scenario I does not appear
 

likely to occur and the suceeding discussion will only refer to Scenario'so
 

II and Ill.
 

Input roquirEmnents for a growing agricultural sector calls for fairly
 

large increases in non-traditional inputs such as fertili:ers, chemical,
 

feodstuffs and tractor services with only a moderate increase In animal and
 

man labor Inputs (see table I).
 

Tab .j l.--Summary of Growth Rates Per Annum of Input .D-mand 

Resource . Period Growth Rate 

On Farm Employment 1.6-1.8% 
Animal Labor 1.3-1.8% 
.Tractor Services 1976-1987 12-13% 

1987-?000 5-6% 
Fertilizer 1976-1987 4-5% 

1987-2000 3-4% 
Chemicals : 2.5-3% 
Commercial Feeds 1976-1987 7% 

1987-2000 6% 

Supply-Demana Balance
 

The results of the MAAGAP model solution give the supply-demand balance
 

at equilibrium product prices for the projected resource avallabilities 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 is how future demands for rice and corn are met.
 

Rice production Is indicated toYUff icient to be meet future demand without any
 

substantial changes in real prices for Scenario II. This means that production
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Increases at about the szxne rale as demand is expected to increased t- Increase 

at 2.7% per annum from 76-82 and declining to 2.25% by the year 2000 without
 

much surplus. Since in this analysis no rica exports wore allowed and rece 

technological breakthrough have no" been incorporoted a future analysis will
 

explore whether exports are possible and at what prices. In Sencario III with 

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

Is slowed. This results in somewhat higher prices up to 1987 and some imports
 

In the year 2000 due to substitution of sugar production for rice.
 

For corn production the model indicates some problems given the rates of
 

technological change assj'ned. In bolh Scenario I and II corn production increases 

at only modest rates and requries significantly higher prices to induce this in­

crease in output. Thus, there must be a significant breakthrough in term of
 

production technology for corn, or apprcpriale substitutes develoepd, If this
 

situation is to be avoided.
 

The production of bananas for domestic 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 II and Ill. The
 

higher 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 increase to meet
 

the large projected increase in demand occurs only with higher prices particularly
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by the year 2000. However, there is some doubt whether the high income elastici­

ties of denand used will hold at higher consumption levels or whether the income 

growth will result in sufficient purchasing Dower to support those high growth 

rates. Thus, these growth rales in demand are probably reasonable and the higher
 

price levels may not result. These demand levels were used primarily to reflect
 

the most optimistic demand levers which might occur.
 

CONCLUS IONS
 

lmplications for Planning
 

The above analysis, based on the best information avaitable and certain as­

sumptions about the changes in resource availabilities and technology, has high­

lighted some problem areas in the attairrnent of development plan goals for 

agriculture. Of principal importance is the need for improved technologies
 

for corn, feed-grain and vegetable crops if higher relative prices for these 

and livestock products than now exist are to be avoided.
 

In addition, the increasing dcmestic demand for sugar and coconut oil 

products are likely to reduce their availability for export in future year,
 

For sugar given the development of high fructose processes which converts corn
 

or other carbohydrates into fructoses it may be just as well to carefully 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 ane 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 equilibrium approach. Thus, the results presented in this
 

paper should be Interpreted in terms of expected directional changes 3nd relat; e 
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magnitudes rather than expected absolute quantitative changes.
 

In addition, the model still does not have canplete coverage of the agri­

cultural secitr and ihis is only a partial analysis. Further expansion of the
 

model to include excluded ccmrnmodities particularly for export crops such as
 

bananas, abaca and tobacco is needed in order to realistically reflect the foreign
 

trade ccmponent. 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 clange in demand for output, changes in input supplies or
 

changes in production techniques. It is not very useful for fine tuning agricul­

tural poliy for either small changes of a particular input or other parameters
 

which represent only a small ccnponent 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. What 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.
 



BEST AVAILABLE DOCUMENi
 
Table 2. pQ..CS' Et'.tr o of Ar.uI Crovth ILtci of Sclected Atricultural 

1eicatirg. by Sc nirlo. ?Ih11pP.IrC 1976 - 2000 

* 	 !S jnnu,| Croth Pores 'n Percent 1/
 

CorobodltItOa Units 	 I Pace Scen~rio I ccnarlo 1 : Scenario III 
t 1976 t :I _ 

1952 ' 1987 4 2000 1 1982 :187 2030 1982 :I 7 003 

larvcated Area tl.e0.955 1.27 1.25 0.91 1.36 1.31 1.4 
rarr Inccre mil. rccos 2/ 11029 (.019 2.20 3.56 2.27 3.13 3.6? 5.61 4.82 4.7s 

IIcctat45 .08 	 1.56 1.25
 

o ra-a trpleynent hiti.Knd.)s 7/ L01 .10 1.26 1.48 1.70 1.80 1.60 2.79 1.94 1.84 
[spoils (!Vurar and 1.300 n. C. 2461 (12.50) (8.05) (3.22) 3.60 1..6 0.19 7.31 2.89 3.17 

Crccnut ?reducts) I 
loports (PIce & Protein :1000 0. t. 197 8.58 7.28 6.30 7.84 7.28 6.74 8.58 7.21 8.13 

fced surplcrents) 
Opetitrs capital "I). resos 2/ 12010 6.06 3.43 3.6? 5.95 3.43 3.66 6.06 3.45. 3.10
 
Chericals P1l. Pesos 2/ 525 .06 1.25 1.83 3.38 3.93 3.53 3.49 7.96 2.42
 

Fertilizer 1.000 a. t. 338 2.19 2.80 2.94 4.37 4.19 3.20 8.18 5.12 ).0.
 
AntrAl Later i Hi2. Aninal days 142 0.23 1.42 1.19 0.46 1.48 1.28 2.94 1.91 1.89
 
Tractor Services ": .000 Tractor d.ys 32t0 7.62 12.218 6.60 15.59 12.54 6.43 17.19 13.22 4.73
 
Cocrercta reeds : 1.000 0. r. 1676 8.59 6.80 5.P9 0.36 6.80 5.84 8.63 6.99 5.91
 
Chicken 1r.vCntroy : 1.000 hcds 64301 2.51 3.42 2.79 2.51 3.42 2.79 2.51 3.50 2.79 
110 Inventory : 1.000 heads 7064 2.39 1.80 1.79 2.12 1.80 1.76 2.10 1.66 1.8k 
Price Index 3/ 1 99.23 (.93) (.37) .9 0.55 0.41 0.86 1.72 1.14 1.30 

I/ tlSLres in parenthees ( )cean r.cf-tive annual zrovth rates.
 
I/ I costant 1976 resos.
 
31 Vetghted for each cc:--.odty by dsviding production of each coc'vdity by total value of production, 1972 - 100.
 

Table 3. A.ACA? Estitites of Annual Cro-th of rroduction of Selected Agricultural
 
troduct by Scenario. rhllrptnes. 1976 - 2000
 

(In thousand Metric Tons)
 

S Annual Ctovth rates in Percent 
SI 

Co:oditjes 1976 Sceaarto I : Scenario 11 Scenario III as S___________________ ________________: 	 ______________ 

1982 " 1987 2000 t 1We 1987 S 2000 19A2 1987 2000
 

Crops
 
Palsy t 6705 2.68 2.64 2.25 2.66 2.50 2.25 2.25 2.41 1.48
 
€-6 3119 2.65 3.08 3.03 1.21 2.80 3.02 1.48 2.40 2.63
 
Sugar 24-5 1/ (10.98) (4.67) (0.25) 4.12 2.62 2.07 4.12 2.62 3 43 
Coconut 1 8619 21 3.43 2.06 2.56 2.59 1.90 1.86 10.02 4.34 3.18 
Bananas 954 2.84 2.80 1.84 2.84 2.88 2.28 2.84 2.88 2.28 

Vegetables
 

Leafy s152 6.11 4.96 3.17 4.85 4.96 3.17 4.85 4.27 3.17 
nti 178 3.51 4.43 3.44 3.51 4.43 3.44 3.5r 4.43 3.44 
Boots 1150 4.23 3.59 1.54 4.23 3.59 1.54. 4.23 3.59 1.11 

Ltvestocil 
lock : 493 5.58 4.11 3.92 4.80 4.11 3.8? 5.61 4.25 4.02 
Poultry ?,et 57 4.45 2.40* 4.34 4.45 7.40* 4.34 4.44 7.63' 4.34 
Eggl : 115 4.64 4.05 4.63 4.64 4.05 4.63 4.64 4.05 4.63 

C/entrifugal Sugar
 

21 miellion Nuts
 
i Ape-ss to Ike the result of so Input aerror.
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Tabe &. mA.m,)' ist r-%ts of rrfcta 1, of Selecctd ff icututa! products.
 
by Scentrfo. Ph||1'.pin~s. 1916-2000
 

(reos per Kilo)
 

I 8 	 rerccn:.ge C.i.te froz 1976, lise 

Co;-,odtlesI BtIe Scrnario I 	 Scenjrio It Sces.arto 1.13916 	 : 

* 1962 1987 1 000 1982 : vh; : 030 1982 1937 2000 

cle.s 	 . 

?3l7 1.02 -4.90 -0.98 -4.90 -2.9. 43.92 -0.98 +1.96 48.82 4)3.73 
Corn : .53 -- 470.75 456.60 411.32 420.7S 463.02 41.55 *?8.30 ftl1.,0 
Suoir s 1.69 2/ -23.81 -23.61 -15.3. 4..7C 4'..76 44.16 431.22 131.22 *)1.22 
Coccnut 1 2.08 '10.2,7 -12.50 147.60 -18.2 -9.13. 452.40 +25.96 428.37 170.19 
la:,.na : .54 -. 41 - 41S.19 -5.S6 -3.,0 )j ..8 -7..1 -1.8s +.4I8 

veget ables t 

Leafy t 1.37 -13.8' -17.52 43.65 -10.22 -12.41 43.65 -11.68 -10.22 48.76 
Trutt : 1.C0 -2.50 -8.75 432.50 -2.50 -6.68 433.13 .2.50 -6.88 .38.75 
toot s : .73 -12.33 -12.33 413.70 -9.59 -12.33 415.07 -6.85 -9.59 419.18 

Livestock 
Pogk 9.D6 -10.75 .7.91 4716.24 -10.75 -8.42 483.06 -1t..20 - #74.24 
Poultry .rat 12.70 40.15 -4.9.29' 457.24 41.26 -.8.50 461.69 -0.2 -50.'. .61.69 
Eggs 13.76 -0.68 48.57 451 .40 42.20 4J0.16 #51..O -1.06 48.26 462.62 

1 In co-4tanrt 1916 pesos.
 
"' CentrfvuIal SvLnr difference In prices Ia due to price ceiling In sugar %bich was cot Iocotorated vith t|e wdel.
 

3/ To Co$.ra prices.
 

/ .rp(AfL to be tfie result of an Input error.
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