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Simulating the Impacts of Credit Policy and 
Fertilizer Subsidy on Central Luzon Rice 
Farms, the Philippines 
Mark W. Rosegrant and Robert W. Herdt 

The effects ot CrClit poliC% and fertili/er subsidy on fornirie ' input choi,:es. prodtuctii., 
1ind ilColle ae e\llllliCd with a itultiseaon decision-lnakihg model. Stochastic
 
prodtluction technology, rik-'ueitral and rik-averse deciiihh rule,. ',hort-tern


t
si, ing, consim, ption heaiviolr .a oi a .hal financial market erCOn,ideled Re',ult,
 
indicate the iik-netulia rule i, Hoae colnsistent %ith actual choice, tItan l',k-a,,ere
 
rule,. t.,tiimited ields in rceased 21'; to 3i0; fronljoint credit and fertilier subsidies.
 
ienelit, 
arc g 'ctel on irrigated thtan on iaintcd ti' ll,. A'stiiU,tInjll dettnlt late in the
 
institutionl inailket ledlce', credit progril 
 heneli',,. 

t,', 1 ,r'A cledit polic . ,elitiliecr ,uih' ,( , Philippi e,. rice. risk aver ,ion. simulation. 

Credit and fertilizer subsidies are ased hy pol- fective interest rate, including service charges
icy makers inimany developing countries, and discounting, of approximately l6 + per
including the Philippines. Their effects on year. In 1974/75, over 40; of national rice
farmer choice of inputs, production, and in- area was financed under 	 Masagana 99, but 
come on mono-crop rice farms in Central financing declined to about 10r, in 1977/78. A
Luzon 	 are examined in this papei. Prior to major cause of this decrease was the fre
1973/74, few Philippine rice farmers had ac- quency of defaults on Masagana loans, dis
cess to 	institutional credit. primarily because qualifying farmers from further borrowing
of high collateral requirements imposed by tinder the program.

private banks (Sacay). A series of'typhoons in The primary al:ernative source of produc
1972 reduced the rice crop by 
 1f6f over the tion loans is the informal financial market.

previous three-year average, and during the Credit availability in this sector varies, but
 
same year (1972) 
 the entire countr, was surveys conducted by the International Rice
brought under a land reform program that was Research Institute (IRRI) indicate a range of

expected to restrict severely the credit tradi-
 effective credit ceilings of P300-P600/ha in
tionally provided by landlords to share- Central Luzon. Informal matket interest rates
tenants. Attemfpting to boost rice production, vary from 30( to 00,, with average rates of
the government increased the lhAw of low-cost 45'. to 50(C; (Rosegrant 1978, Nlanto and Tor
credit to rice farmers in 1973:74 through t res). 
program called Masagana 99 (World Bank, The Philippine government also has subchaps. 	6. 7). sidized fertilizer prices. A two-tier fertilizer-

During Masagana 99's initial year. farmers pricing system was established in 1973, when 
were allowed to borrow up to 900 pesos per fcrtilizer supplies in the international market
hectare (Pha) per six-month season. In 1974/ were growing tight and world prices were in
75 the loan limit was increased to Pl ,200/ha creasing rapidly. A subsidized price was estab
IFP7.30 	 : LJS1.00 between 1973 and 1979). lished for rice 	and other food crops, with aThese production loans are available at an ef*-	 higher price for export crops, set to reflect 

import and marketing costs. This system con-
Mark W. Ro egnintIoltc. Resecarch is a recearch fells, at the Inicrnational 1-,od tinuedInstittite, Washington. D.(C. Robert W. Hlerdt is s b i i until 1975/76, after which a uniform,e r c p le o a lc o s ( a 	 l )an agcltural conanimt at tile International Rice Reearth t,- subsidized price applied to all crops (table I).
utle. .os Baio, Philippine,. Rice production increased at more than 5% 
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Table 1. Prices of Nitrogen and Phosphorus Fertilizer (P/kg) for Rice and Export Crops and 
Subsidies, Philippines 

IIrice for Price for Rice Production 
Rice Production Export Crops Subsidy,
 

Crop
 
Year Nitrogen Pho-,fhoru Nitrogen Phosphorus Nilrogen Phosphorus
 

1973.74 2.15 2.56 3.82 4.22 1.67 1.66
 
1974 75 4.38 3.83 7.07 6.48 2.69 2.65
 
19,5 76 3.97 3.84 6.24 6.34 2.27 2.50
 
197677 3.68 4.09 3.68 4.09 0.72 1.21
 
1977 78 3.68 4.09 3.68 4.09 0.22 0.51
 

Source: Fertili:er and Pesticide Authorit.. Republic of the Philippines.

EEqual to the difference h ceen the price fo rice production and f\or esport crops 1973 
 74 to 1975 76: equa! to import plus marketing
 

costs less sale price lo l'.'6 77 and 1977 78.
 

pet- year in the Philippines during the 1970s version to consumption probably does occur 
(U.S. Department of Agriculture IUSDAJ). despite the dispersion of credit in the form of 
Obviously, many factors contributed: an ima- chits redeenable in kind. However, credit 
portant question is the contribution of credit regulations make this diflicult to detect. 
and fertilizer subsidies. Evaluation of these Bet-ween 1973/74 and 1975/76, rice farmers 
policy instrument,, can he either normative or could have sold fertilizer intended for rice to 
positive. Comparison of'credit program partic- the unsubsidized sugar sector, but this oppor
ipants with nonpart icipants in three Luzon tunity was limited by the small area planted to 
provinces showvs that tile former borrowed sugar in Central Luzon. Following termination 
roughly t\v'ice as nluch and spent about 50; of the two-tier price syst..m, there was little 
more on rice production inputs than tile latter opportunity for arbitrage. Adequate supplies 
(Herdt and Rosegrant). However, the rela- of fertilizer were available at prevailing prices. 
tively small samples studied and the effects of Thus. the model estimates an tipper limit of 
differences in weather, quality of irrigation, tile likely production impact and provides a 
and technology prevent one from causally basis for separating the impact of fertilizer 
linking the policies with the observed differ- subsidies from credit subsidies. 
ences. Also such comparisons cannot separate 
the effects of credit from fertilizer subsidies. '[he Modc, of' Farmer Decision Making 
Modeling the decision process within a norma
tive fr' mework is an alternative that meets Previous microlevel analyses of the impact of 
these objectives. credit policy oil farm decision making have 

The normative framework is a multiseason utilized mathematical programming models 
model incorporatinhg stochastic production (Naseem. Ladman. and Whitaker). The Lad
technology. risk-neutral atnd risk-averse deci- man and Whitaker Models are static, one
sioi rules, short-term savingsc onsumript ion period models: all three models have deter
behavior, and a dual financial market with In- ministic production relationships and a single 
stitutional aid informal seciors. S. stematic credit market. The dynamic model presented 
behavioral assuLiptions govern allocation of hete incorporates stochastic production rela
funds within the model. 

A problen with modeling Credit use is that tionships and a dual credit market that is 
fungibly of hrln credit unstt of rural areas in the Philippinesfumgiblity Of Credit permitsprpermits program11 funds to characteristicand most developing countries. 

be diverted from their intended purpose into 
other enterprises or consumption (Von Pis- Operati ut Model 
chke and Adams). Diversion to alternative en
terprises is a piinor problem in the Central Fhe flow chart in figure I outlines the model. 
Luzon area of this analysis-IRRI farmi sr - Initially. outptt and input prices and initial 
veys show that rice occupied 88§' of the total 

cropped land of rice farmlers in 1979, and that 
livestock enterprises were minimal. I Some di- and 75'; if household labor earnings inanother study conducted 

in three rice-groing municipalities of Central Luzon in 1974
 
iGuino). Still another study shoved that in 1978 rice provided 85r;
 

Rice farm labor income accounted for XY; of farm earnings of farm income in Laguna province of Luzon iSmith and Gascon).
 

-1/ 
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Figure i. Flow chist of artndecisi 

c olr e i ts I t 
I~~~ olalltlatn /.,=, inof mo ifrom. stata 1 ,tth 

ncmakig inde 

sponingt t optim~l inu leeadatasavireet sings envle]faretlrm characteristics spec- price and input nucosts)syed n noeire set. Input choice 
ified to determine a ield distribution or tny implies a yield distribution which is used to 
Set Of inputs. The fnadcil market in w theshichCompute the row of transition probabilities pj,farm bo,"rows; determines its interest rate and i = 1,... - mIof' moving from state ,i at the 

credit ceiling The net income distribution forstat of one season to j t the s;as of' the 
tny input level can thenSie c omnputed ind op rllowin.: seasont Computation of transition 
timal input levels chosen by the speciied deci- probabilities for all , provides the Markov 
sion rule, subject to the credit ceiling transition matrix. Specitication of the distribu

ahe actual yield is gcenerated by randob tion ofltdms across states in the initial season 
sampling riom the yield distribution thorre-then permits solution of' the model f'or the 
sponding to the optimal input level, and actual mean values obginput use, yield, and incme in 
net income is Computed. If net income plus ny Subsequent season. 
nonfarm income is greater than subsistence 
requirements, savings irecarried aoswardto p1ariCharacteristics 
the next Season to begin another iteration. If 
total income is s than subsistence, the arm 
depces o its loan and, if necessary, borrows 
fom the inlormal credit market to cover sub-
sistence requirements. Savings is compute, 
and the next iteration begins (ith the iarmdenied access to the institutional market be-
cause of*default. It'total income exceeds Sub-
sistence requirements, the falrm remains in the 
institutional market and begins the next itera-
tion. 

To solve the model f'or mean input use, 
yield, and income over several seasons, the 
decision/ou.tcome process is represented as a 
finite Markov chain process (Chung, Feller). 
The state,,s, a,,a.... .,,,(I in the Markov 
process are determined by savings level and 
financial market access, Any state aj deter-
inines input choice when the decision rule is 
specified and parameter Values (such as rice 

Farmsire differentiated by tenure Status 
(ixed or sharecrop rent), irrigation quality, 
seepage and percolation rates and :;ecason of 
operation. Tile latter three define a water re
gime. Thie ia :r regime determines the distribtution of' moisture stress in the produ~ction 
fuLnction (described below), thereby determin
ing the fre(Iuency distribution of' yield for tiny 
input level. 

Prices 

The prices of' rice and the inputs (nitrogen, 
phosphorus, insecticide, and herbicide) can be 
set in the model to represent tiny desired pol
icy mix. Actual prices of nitrogen and phos
phorus are jointly determined by the prices of 
major fertilizer products containing these nu
trients. This is reflected in the model by con



658 N'vember 1981 Amner. .. Agr. Econ. 

straining the ratio of nitrogen to phosphorus at FinancialAlarket 
2:1. 

Farms face a capital constraint set by the level 
Decision Rules of internally generated savings and by the 

availability of credit from the financial market. 
Decision rules which have been utilized in Total spending on fixed ind variable costs in a 
modeling farmer behavior have been reviewed given season cannot exceed savings brought 
elsewhere (Anderson). A safety-first rule, to forward plus new borrowing. The maximum 
maximize the net returns which can be ob- amount of credit available and its cost can be 
tained with a fixed confidence level, is used se! vithin the model to reflect any desired 
here because it permits consistent specifica- credit policy. 
tion of a range of attitudes toward risk (Dillon Money can be borrowed from either institu
and Scandizzo, Moscardi and de Janvry, tional lenders or informal money lenders. All 
Roumasset). When the shape of the net in- farms begin the first season with access to the 
come distribution is known, the decision rule institutional market for credit at a specified 
is to maximize d, where d = I - kor, and u is interest rate Ip to a maximum loan limit. The 
expected net income, (r is the standard devia- farm continues to borrow from the institu
tion of net income, and k is the risk-aversion tional market unless, because of low produc
coefficient. tion caused by stochastic events, it can no 

The coeffi' :nt k specifies the safety-first longer both repay the loan and meet subsis
confidence level, )r level of probability along tence requirements. When this occurs, the 
the cumulative distribution of net income. For farm defaults on its institutional loan and sup
a given distribution, the larger the value of k, plements consumption with the proceeds from 
the greater the degree of risk aversion. If k = the loan default Ip to the subsistence con
0, the decision rule is risk neutral. sumption level, allocating any additional funds 

between consumption and savings. If pro-
Income Allocation ceeds from the loan default are not sufficient 

to make up the difference between income and 
Income is allocated between consumption and subsistence consumption, the farm borrows 
savings. Levels of subsistence consumption from the informal credit market, the farm's 
and nonfarm income are set, and income allo- only other source of credit. 
cation behavior is specified as a marginal When the farm is in the informal market, the 
propensity to consume out of income in excess method for meeting subsistence requirements 
of subsistence consumption requirements: reflects the better enforcement of repayment 

It = If + 1,,. and lack of alternative funding sources. In 

C = M + i(I -- AI), case of low production, the farmer only delays 
S, = Sr + I, - c. payment on the proportion of the production 

loan needed lo achieve the minimum con
subject to I, > Al, where 1, is total income, If is sumption. No additional consumption is al
farm income. I,, is nonfarm income, C is con- lowed, and no :,avings are generated. The por
sumption, XM is the subsistence consumption tion of the loan on which payment is delayed is
 
level, a is the marginal propensity to consume, carried over to the next season and repaid
 
S, is total savings carried forward to the fol- from income, along with any new production
 
lowing production season, ind S, is savings loan taken out at the beginning of the next
 
from the previous season retained after puir- season.
 
chase of inputs.
 

When total income is less than subsistence Production Funiction and ie/i Distributions 
consumption, the constraint is not met, ind 
consumption cannot be determined by the re- At the core of the model are the frequency 
lationship above. In order to make up the con- distributions of yield estimated from a highly 
sumption deficit and meet subsistence con- disaggregated production function incorporat
sumption requirements, the farmer fails to ing managed inputs and environmental vari
repay either all or part of any production loan ables. The production function is of the form: 
he has obtained. Deficit-reducing behavior is 

=determined in the financial market. .' x l. cn), 
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where i = I.... / = I..... n = I...... not included in the production function be
p: Y is yield: v, are managed inputs (nitrogen. cause it was held constant in the experimental
phosphorus, insecticide, and weed treatment): plots except for that associated with applying 
tjare stochastic variables (solar radiation, the specified managed inputs. Labor is there
stress days. and insect infestation index) not fore a direct fulnction of managed inputs.

under farmer control and of Unknown value at Typhoon dailage, the most inpcrtant

the time of the decision about the i,: and Iq,are stochastic variable left oult of tile production
variables not under farmer control but with ftuncion, was excluded because no typhoon

known values (clay content). Table 2 shows damage was experienced on te experimental

the production fttiction estimated f'rom 674 plots. In order to account for the impact of'
 
observations taken from response expert- typhoon yield variability, the production
on 
ments in farmers" fields in Central Luzon in fLnction was adjusted using a typhoon dal;age

two wet and two dry seasons. In these exper- index comLputed from f'armers' subjective es
iments, inputs not included in tle prodLuction tirnates:
 
function were held at levels comparable to
 
actual farni practices in the area. I - i' f I.
h,, t,


The independent variables explain 72"' of where t is the percentage yield loss from ty
the variation in vieIds, and all variables are phoons.

signilicant a) the 0.01 level except for insec- Given Ia prtoduction f'u nction of 1this form.
 
ticide, which is significant at the 0.05 level.2 the frequency distribution of '' f'or ny .x,. q.

Both insect infestation and Insecticides are in- can be estimated from the joint frequency 
 '
 
clU2:'d because tile 1ltM1.11 practice is to apply tribution of the stochastic variables t.r-(An
insecticide after initial infestation. Labor is derson, )illon, Fardaker: de Janvry: Pyerlee
 

and Anderson). Lack of information about the 
\NtilticIllineart, 1, potentiti prohle'm i thepiodthgtion runc- conditional distributions ofIN the stochastic 

tion since some ,airihlc, in than one eim and ,,,,teappear more 

of theindependent %.inahle'.mltrogen i solarradiiltion ind nitro- variables precludes analytical solution Of' the
 
gen Nquared. stress daisd rntroger t stres, and sC.N I joint frequency distribultion of the ''ariables.Sand 


inghlsolar radiaion t,tre.s, airt corre:lated ltmecr. nulticol. However if' it is assumed ihat the stochastic 
,mneai'. isnot harnifiil irle., it causlies high sMendaid error and 

lack of .ignlicance ui the ieg,imn coelicieni, (Kinnta. variables are independentli. disrlibted, a dis-
Johnston. ihi is notthecase here, crete approximation of the frequency distribu

and (/,tion of v' for any .%, can be obtained by 
Table 2. Yield Response Function for Modern repetitively sampling from the frequency dis-Rice Varieties inthe Philippines lkg/ha) tributions oft' and u, and then computing pointestimates of' " froml the production function. 

Regression With sufficient iterations, 1.000 in this case. 
Variable Coefficient t-value stable estinaltes of the moments of the dis....- trubution of' \"can be obtained and continuousIntercept 1079.83' 8 frequency distributions litusing Pearson's svs

' 

N i r o g e n x ,.,h 0 .9 1u r a d iaion 12.7 5NilrOgen ,geaed -0i0n 5.98 tell1 (Day. F Iderton and Johnson), 
Stress days' 11().68" (6.7 In order to estimate the vield distributions.
Phosphorus kg ha 3.81 4.12 frequency distributions were estimated for" 
Weeding diinurm. I M).I11 2.08 SO!l radiation, insect damage. typhoon darn-
Weeding dummy 2 297.94, 5.30 
lnsect infestatirt index 7.87 3.23 ,age, and stress LaMs. the ]ltler under a range 
(";infe'station) of' water regimes representing dif'feret qual-

Insecticide iIt 1.47"- 2.12 ities of irrigation and drainage.
l'ercentage of cla\ 28.4(1' 11.83 Solar radiation distribultions were estimated 
Nitrogen i s'.ie,,, (.3' 5.06 f'torn 1966-75 data dIawn fr'oml research sta-
Solar radiation I 'tress 8.95 9.47 

R adjusted ((.72 lion recortds in Central I tluon. The freqtiency 

Sourre. Wickham, Barker. Ro'.egnint. p.226. Ilt]tepeidtein appear x earoihlte. Regre,the .1miinmlptin
' level. %ronsamtiong 
aiterrsk imean,, coeftictent smgnilicant al001(5level the e' pI . e ti retilied coefliciet, and 

Single astensk ineans coef"icuent significant at 0(01 double olmr radiation. ie s'.,dtr ,minI inriet dintsecg iimifng 
(lrmntiotn d in itrm.nilticaim ,
,Solar radiation measured in kilocaloties ctti- during the riod 45 (WM, 'rRI tit( c,,. (lie t phoon damage ditriblution "itim ='r 

days before harsest to h'vr\est. pited rising at19' IRRI arm 'iilr e Sing thisda. rCgre .iins
From 60 days after tianiplanting to 21 da)s befre hmr.est aimong t~phoon danhge. droulght dairrige i. prolm\ (m stressl.
One application of herbicide. insect damage ciniie . .ini ,oaIatnr;ummtmon ga. e insignilicant

One application of herbicide plus one handuceding. coefliient, aind ,imamittm n R' of . II
 

( 
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distribution for the insect inf'estation index 
Was computed from the 674 observations over 
the four seasons from which tile production 
function was estimated. The typhoon damage 
inidex was computedt from farmers" estimates 
of typhoon damage over live crop years in 
Central l/./On, 

A water batlance model was used to generate 
frqclte.ncy diStri butions of Stie ss days for 
good. iVerige. arid poor irrigated sites and for 
rain-fed conditions, each with high. medium, 
ind 1o\ sCCpte an1ld percolatioll rates. The 
SitCr bal- l ice model silnulnittes weekly irriga-

lion aild rajinfall. It is based Ol sampling from 
di st ribitlions of irrigation flows for sites in 
'entril I.izoul and Ilrnl tile dislribution of 

rinfall recorded at C'iballiia City. N leva 
Fli., 1949-74. Stress days ril'ecoinmputed as i 
finction of xcekl\ wlter flow s and losses 
froll tihe s0ie. RepCtLed iteration of the model 
produces atstable Cstilate of the distribulion 
of Stress (vda for all\ tllmlit\ of irrigation and 
soil type Rosegramt 1976. 1978: Wickhbam. 
liarker, Ros wri: \Wickhan). 

In tile %\el easOli. lltillnalnu expected 
yields and leir standard de viat ions are sinilar 
for all qualities of' irrigation, while rain-fed 
iaxilurin e\pected yields are 13'; lower (ta-

ble 3). In tlile dry season, tile ditfference be-
Iween laximuml yields \%it1 low and high qual-
ity irri',ation is 1.. t IIi. ilih quality irrigation 

iredices tle sLandnrd leviailion of yields by 
30',. 

lThe Impact of' Risk Aersion 

The ilportance of risk aversion for fairier 
input ctoices is tihe subJect of continuing de-

Fable 3. Y'ield-Maxi mizi ig Nitrogein 

laximuin Expected Yield. ,lind Standard ie-

iain of Yield. Three Qualities of Irrigation, 

Iroin Elstiated Yield l)isrihutions 

\ihl~- Mixinulifi Standlid 
Ma jiln -.xpFccit t)c iaiain 

hrigilim Nii lgCI Yield ,il Yilid 
Seasonit (lua\il, Ikg ha I Ikg ha I kg hit 

I I igh 1 1.74" 555 
D[r. Medium 1401 .092 704 

_1- 781.4.5 
Wel Iih 124 2 .i7 825\Vet MCldiunl ' 24 2.9t';2 K2 X 

Wel I ~o\. 124 2.()5S 82 
\Vei Rnilctd 112 2.i92 794 

Nolte Othet' inritt %e'tmuii ict kg i pimspli. 2 
aplliciton il intseiidi.. I i 'icitinili hrhcde,ph pmuI ini, 
,,eedlng. a,,enite ml quaIiI., 

Amer. .1. A,r. h,( n. 

hate. Binswanger (using an experimental 
gambling approach with real payoffs) found 
attitudes highly concentrated at intermediate 
or moderate risk aversion. )illon and Scan
dizzo (using mental experiments) report val
ties of the risk-aversion coefficient k (from the 
decision rule, maximize d = i - ,(r) ranging 
from 0.6 to 1.8. with it mean of 0.9. About 
30; of their s;ample flhrmers were highly risk 
,averse (k > 1.5 ). Neithei stutdy assessed risk 
attitudes in actual production decisions. 

Moscardi 11nd Ie Janyry esti mated a corn 
produtCion fi tiction, an1d computed the value 
of A which would account for- tile difference 
between actual nitrogen Use and the expected 
income-nmaximizing level. The mean va ol' k 
is I.12 with a range of' 0.0 to 2.0 and a high 
concentration of stlong risk aversion (k :. 
1.2). However, their production function did 
not inchde environmental variables such as 
soli radiation aid mloislture stress. Ill addi
lion, tlheir asstlrption that risk explains all the 
shortfall fnom opti mal nitrogen use ignores the 
possible impact of constraiits such as limited 
credit. 

Rounasset explains actttal nitrogen use of 
two sanples of Philippine rice f-trners using 
risk-neutral and risk-averse decision rules 
with a prlodtiction fIruneticrn adjusted for major 
losses. He finds that tile risk-neuitral decision 
rule explains actual nitrogen use better than 

risk-averse rules. 
To test tie impact of risk aversion in this 

model, alierniative decision rules were defined 
by specifying- tie risk-aversion coefficient k. 
Risk-neutral. ruoderite risk-averse, and strong 
risk-averse rules were tested. Il the neutral 
case. A = 0.0). In tie moderate case. k was set 
tto illaxii/.c net income with probability of 

0.20) on the cutinnvhiti e frequency distribution 

of Iiet income. The strong risk-averse rule 

imaximies the net incorne with probability 
(0. 1( o1 the cuiitilative distributlion. 

Because tile yield distribulions, aid there
fore the net income distributions. have differ
ent shapes for different firri types, the vitle 
of' A which specifies t given confidence level 

orl tile curiiulative distribution also varies. For 
moderate risk aversion. k has i raiige of' 0.62 
to 0.94. with a mkeatn value of 0.80. In the 
strong risk-averse case. A has a mean of 1.44 

input use yields suggests 

arid t ringe of' 1.34 to 1.53. 
C(omparison of model restIlts with italIiI 

and that the risk
neutral assuiiption better explains input 
choices than risk aversion. Model parameters. 
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such as prices,. costs, credit ceilings, and shar-
ing rates, were set at mean or representative 
value; for Central lAuzon, 1971/72-1977/78. 
The model was run for nine years (18 crop 
seasons), generating a distribution of' f'arms 
between institlti onal and inf'ormal credit mar-
kets comparable to the actual distribution in 
Central ILuzon 1971/72-1977 '78.' 

The strong risk-averse rule generates input 
use and yields far below the actual levels for 
both irrigated and rilin-fed farms (table 41. 
Moderate risk aversion is relatively consistent 
with aCid results only f'o1 irrigated fa'rl hi-Inal 
t'o)gcn use \,,With tile 1600'ha informal loan ceil-
ing. In all other instances, the nioderate risk-
averse rule prodIUces input choices aId yields 
considerably lower than the actual levels. 
lHence, the risk-neutral rule is used to examine 
credit ild f'ertilizer' sulbsidies. 

The Impact of' Credit in(] Fertilizer Policy 

A subsidized credit programin with i ncr'eased 
loan ceilings, similar to those Under Mitsagata 

99, and a fertilizer sulbsidy conipanrable to that 
of the Philippine government were evaluatedfor crop yea.rs 1973f74 (the first yea.r of' 

Repol:d ,c.,tll, . iggi,. cd icw-..... ai,,,, 9, 111,,-g~~~~ilcd~~~~,,. tp,,,,,.,t h )at.' tp.',',,,,,i, i, 

,pelatilig it both ,clC md dh ],,,u le.-d ,'aon,hu vkltxpc ,,, c a,. Th en 
, 
,tr;,tllw d Ic 1111c 4 1,.c d I+,:, cli. ha+,h,% ,I ;111, 

Ielnaml.' i Restll m el..%kc.lghl't 1+,%[liet c,'lllll led alci.il d tIl itilhllli l 

oflhe' .. ;u1e cc~Iumf l 'il .'e,11 l',..'..f In cilrml I notl 
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Masagana 99) through 1977/78. Model param
eters such as farm size, riorifiurm income, 
wages, rents, herbicide and insecticide prices, 
and sharing rates were set at representative 
values for Central Luzon. Farm prices of rice 
were set at their annual prevailing level. 

Fertilizer prices were set for successive 
Inns of' the Model at the annual subsidized and 

unsubsidized rates derived froni table 1. Fi
nancial market variables were set to simulate 
the presence or absence of' I Masagana-rype 
credit program. 1-01 model runs simulating 
existence of' a creth: program, all fa'rIIs wer1e 
assrriied to begin in the institutional market, 
\k ith aIloan ceiling off ):l,200ha and an interest 
rate of' 161; per year. The farrns continue to 
borrow iII the institulional market until de
fault, after which they enter the informal mar
ket. 

Interest ialtes in tile informal market were 
set at 48"; per year with maxiniun loan limits 
at P300, ha and P600/ha for alternative runs. 
For model ruins simlahti ng tlie absence of' a
subsidized credit program. all farms were as
seied to hoIrtw only from the informal mar
ket. 

hre porame Iwerte fertilized:sbsidy thecredit prognani anil tie f'ert ilizer sLibsidy , thle 

credit program with no fertilizer subsidy, andfertilizer sulbsidy with no credit 1,:-ogram . JnI 
each case. the estiliItLd ilipact of' the policies
is c o mlp a.rle d w it h t hle c alse o f '11 o.go v e r rn me nlt 

initervenition: that is, with io credit program
andrino f'ertilizer price subsidy. 

Tlable 4. A\ctunal and Sqimltd Me~an Inlput Use and Yields for Modern Varieties, Central 

luzot, 1971/72 to 1977/7S 

Infbrmmal Market Loan Ceoiling 
Nilrogten ()ther I npls Yield 

(kg ha 
tkciciln Rule Fiarm lipc 3i Wu1 100 

\cluail" Ihrigaled 57 25 1 
Actual Rairn-l.d 38 172 
Model I util', 

Risk n.'Iitrall tr1iga td 54 67 227 
Risk ew'l i at Rain-fc.'d 37 42 166 
Risk averst 

Mlit ratfe IIrigaled 44 53 158 
Moidera'e Rlin-fdc 24 29 1t0 

Risk ai.erse 
Stroing hrigaled 28 35 124 
St rng Rain-fed 9 9 80) 

Phoisphorus. insecteicide, herhicide. and , eeding I:bti.Yields from the ilireaui of Agr,,:ulliircl iFccnolnics. input I el coumputed flurll livc 

lureaiu ol Agriclilul It cOn inics Sifieys. ind ,r IX,,-pacrtnienl of A i cl iclulc I 

11)ha kgha)
 
()00) 3)) 6(I)
 

2.437 
1.753 

281 2.216 2.429 
218 1.745 1,897 

178 2.0)85 2.(13 
121 1.575 I.610 

135 1,911) 1,973 
8)) 1.412 1.412 

Inteinatiinl Rice Research intiti' sure%,c5. Icuci 

eSpcialStudies i)ivisimil sil'eys. 

-1 
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C,'mo inputs. 393 kg/ha (2 le4 )in yields, and PI I8!hahim'ld Credit Program aid Fertilizer 
Sub.'id\' (251:( ) in income. 

IrigatCd firms arte considerably more re-
The combined impact of the credit program sponsive to combined credit and fertilizer pol
and fertilizer Slbsidy is large with either in- icies than rain-fed fa.rns. They also gain higher 
formal credit market loan limit (table 5). With benlils. The reasons for their higher respon
it1300 ha Ioa n linit in the informal market, the siveness are to be se,.in in tie separate effects 
com1bined credit prOglim and fertilizer sub- of the credit 1 ogia11i and fertilizer subsidy. 
SId\V iS estimated to increase the average nitro
gen tise on irrigated anod :'mln-fed I:fa.rms 1v 43 ('rcdit Ptli('y 

kg.ha. other inpuitl by yields hwuse P1291ha. 
510 kg ha 130',).and inclomc by P 131 ia The credit program alone produces substantial 
(2(Y;). For the 1'6)0 ha irfornal market loan gains for irrigated farms but considerably 
ceiling. the estinated combined impact is re- lower benelits for rain-fed lfirms. For the 
LIuccd. but till impressive: aiverage increases P300 'ha case. for example, irrigated farms in
of 38 kg haii ii uS. in crease income by duei nit logeil P9)0 ha other yields by 22; aind 141' 

Table 5. Estimated Increases in Input Use, Yield, and Income Due to Credit Program and 
Fertilizer _Suhsid., 1973/74 to 1977/78 

I"lln Nitiogen Inptl' Yield Income 
Pll le (ki flat hm I (kg hat) (1 flatip 1(1' 


Inl*tirnlml Limit of 11300(Imh'Markegt Loan 

('eldil j1lIgIl1nl '.t thl lg i.d 4) 1062 (19 158 
l'elI /iel ,ih'd\ 

Rinl-ed 31 69 318 9I 

Average" 43 129 510) 13I 

'redit progl'n). no Irrigated 22 127 397 67 
Ifcrlililer
,,ubitLh
 

Rain-fed 7 41 114 34 

Average" 17 113 298 56 

Fcri:iliicrsjuh'idy. Irrigated 14 - 13 106 55 
li'credit progrtll 

Rain-I'cd 14 - 5 112 38 

Av eiage" 14 - 10 1015 49 

Infotrmal MIarket Loan Limit of' 11() Ia' 
('redit plograll \kith Ircigted 42 115 466 142 

ferfili/er ,tjb,,id\y 

Raitn-fed 3(1 45 257 74 

A' crage' 38 9(1 393 118 

(redil proglato. no thripted 13 78 221 49 
fcrili/cr , bsid, 

Rain-fed 6 12 501 28 

Average M0 54 127 35 

F ltililersubsidy,. h rigatled 3(1 47 311 85 
111Credit r''LItM 

Ratin-fed 6 33 2(17 39 

A\ crage' 27 35 274 69 

EiSlimaed Increas%earc oomputed retlive to caw of no credil program and no ferilizeir%ubhsidy. 
Average ofirrigated and nn-led farni, ,weighted by area hare,,led in Central Luzon. 
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to implementation of a credit prograrn without 
fertilizer subsidy. while tile yield and income 
benefits for rain-fed farms are 7(; and 9';. 
respectively, 

Irrigated farm, gain higher beneflits from a 
credit programl that releases a binding credit 
constrailit because tie' caln lutilize higher 
input levels more prtofitahl than raill-fed 
farnis. Lo'er Moist ure Stress ill bot h sea"ons, 
and the high solar radiation and lack of tv-
p;.aoils inltile dry season increase the marginal 
pr'oductivity and otltimal level of' nitrogen and 
other inputs On irrigated falns. leading to 
larger henelits than oi rain-fed frll'nis. 

Additional rIs vscrc made to estimate the 
impact of' reducing ilteresti rates from 4 ; to 
16; Without increasing tile aVailability of 
credit. The independent impact of sucIl a re-
duction in interest rate is relativelo modest: an 
average increase for' irrigated arid rain-fed 
frims of 5 kg,ha in nitroge. Y; in yields, aid 
6 in income with the P60() hi loan liiit. and 
3 kg ha r'hT'ogeri 2; in yield, ard 3; in in-
come With the P300) ha loai limit. 

"'he maixiniim interest rate impact occurs 
vhen credit is iot Const r'arliiri'g. sO fai'rie'ls call 

i'espond !'ully to price. Sensitivity tests using 
the model with no credit constraint shov a 
maxiriiI1.1 iirnCkease inyields of 5' and in in-
conies of 10; Caise( by i reduction in the 
interest rate f'r'om 48'; to 16'7. W hen the 
credit ceiling is binding, price Changes are not 
Cffctive, lisead, an interest rare reduction 
works by increasing the aillolitn of' inputs 
which can be finaiced for iagiven inamouint of 
credit h% increasing ircome and savings avail-
able to finarice inputs. This effect is smaller 
than tre price impact. and causes a i'Cdruced 
interest rate effect vvieri a binding loan con-
stt'ailnt hold, for some or all f rms. 

I),lkliit Iiv.\ 

The ruadel predicts average analai defauh 
rates ol instiiutional market loanls of 9.71; 
with tile fer'ilizer subsidy and 10.6"; \itourt. 
As of the 1977 78 crop year in the simulated 
credit programn. only 66' ; of tie fni'ruer's v ere 
eligible for iistitutional credit ill tile suh-
sidized fertilizer case aind 6'0 in tie rInsuib-
sidized ferlilizer case. Wilh ail300li informal 
market loan limit. the av erage yield loss due to 
default in 1977 78 was 8'; ait inrcorme was 
reduced by 61 ;.For the P60ti0ifha informal loan 
limit case. the reductionis in henelits due to 
default were approximately half as large. 

I"rtilizer SobA hbv 

The separate impact of a fertilizer subsidy in 
the absence of a credit progran is highly de
pendent on the availability of credit in the 
informal market. With the 1300;ha loan limit 

fihich is binding on most farns). the decrease 
illthe price of fcitilizer (die to tihe subsidy) 
permits 14 kg haiMorc fertilizer to be used by 
increasirg the arlioiint financed within the loan 
limit. ( )tier input isc.' decteases by 1ll01a be
cause a small amount of' the other inputs are
 
replaced by fertilizer which, because of tihe
 
subsidy. becomes relatively more profitable.
 
The tietyield heneliis of the fertilizer subsidy
 
are 6' . Alih incomes increasing by I',. lIrri
gated aid rain-fed farsll, get approxiriately tlhe
 
samellbenefits.
 

With the P6i(0 ha inllorlial credit inlit
 
lwvhich is nonbinding on mnany farnims. the fer
tilizer subsidy boosts fertilizer ise throrigh the 
price impact. increasing nlm'gh ia retrirrs aind 
optimal f'rtilizer levels. It also iernits iiore 
fertilizer to be financed through loans. The 
illpac of the subsidy on fertilizer use is nearly 
double that of' tile P30)0 ftr loan limit case. 
With the higher lo0la limit. irlgated fa-m1s get 
50t'; higher yield henelfits and double the in
come henflits (f rain-fe'd farms dtre to the 
higher productivity of fertilizer ol irrigated 
fariis. 

(rI'_ihsi0ilS n1d I lllict i6Is 

Follov'ing the very poor harvest of 1972/73. 
the Philippine government instituted sub
sidized credit and fertilizer policies. Betveeri 
1972 73 aind 1977 78, Phillipine rice production 
increased by 56' ; and rice yields increased by 
38'i ; USl)A I--an outstaiding achievement, 
bill one which Could not be attributed only to 
goVel'llile llcr'edit and fertilizer policies. ()Ii" 
analysis, using i dynamic model of farmer de
cisionrrkiig, sio" s that credilad fertilizer 
policies could have induced at most i yield 
increase of 21'; -30'; floa set of farnis rep 
reseniative of those in ('ertral Luzon. The 
iodel correctIly protjectCd relatively hrge de
fault ra!es from tile governieni credit pt
gram. These occur becaiuse sibsistence con
suilptiol has priority over lan I'Cpaylenlt ill 
year's of hlov protuction caised by uinfavor
able ,vealher and pesin fstatinn. Assungiitga 
risk-averse, safely-first decision rule resulted 
ill poorer niodel validation than tile alternative 
risk-neritral prolit-illaXinlizirg behavioral rule. 
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The impact of a credit program that reduces 
interest rates and increases credit limits is 
larger when credit availability in the informal 
mar'ket is lower. The greatest impact of the 
credit program is in releasing the credit con-
straint: the independent impact of interest rate2 
reduction is small. This confirims Adams' Stg-
gestiori thot higher interest rates. it h' y at-
tract sllhsttntially Im1ore funds into rural irral 
cial markets,. woutld he prelerable to sub-
sidized ]OW ilterest tles and would riot likely 
IeduCC pr<oduction signilicultlv, 

The suhstattial deflault rate onl ilistitutional 
market loans causes a major" redlction in 
lorig-terni benefits of" th cr'i'et~i pr+ogra.t, r'e-dlci-rg the nit of' tl'rs with access to tre 

institutional credit market. l'hese deftaults also 
r'educe the effectiveness of' tie fertilizer sub-
sidy since its impact increases as the availahbil-
ity of' Credit incr'eases. 

When the inf'ormal market loan litnit is 
P300iha. tile fer'tili.e' stlrbsidV alone coritr'ib-
ties less than 20"; of' the total yield inlcr'ease 
attributable to tile joiHt credit/f'mtilier pro-glril. With t in'etse in1 infl'ltl i1l'rket 

cr'edit availability to P00i'ha. the yield ben-

efit.s of' tertilizer subsidy alone expand to 70 
of' combined prograni benelits, even with the 
high interest rate iti the inl'ormal market. This 
confirms the imiportantice of' increasing tile 
quantity of' credit to fanrrllet's so that they call 
utilize yield-increasing inputs. 

u?'c'<itevd J1ue 1979' revision (-(Ttod
,l~ 198/. IMangahls. 
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