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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 eftects of credit policy and fertilizer subsidy on farmers’ input choizes, production,
and income are examined with a multiseason decision-making model. Stochastic
production technology, risk-reatral und risk-averse decision rules. short-term

savings consumption behavior, and o Jual financial market are considered  Results
indicate the risk-neatral rule is more consistent with actual choices than risk-averse
rules. Estimited yields increased 2197 to 3077 from joint creditand fertilizer subsidies.
Benefits are greater on irvigated than on rainfed farms. A substantial defanlt rate inthe

institational market reduces credit program benefits.,

KNewwordss creditpolicy  fentitizer subsidy | Philippines. rice. risk averion. simulation.

Credit and fertilizer subsidies are used by pol-
icy makers in many developing countries,
including the Philippines. Their effects on
farmer choice of inputs. production. and in-
come on mono-crop rice farms in Central
Luzon are examined in this paper. Prior to
1973/74, few Philippine rice farmers had ac-
cess to institutional credit, primarily becuuse
of high collateral requirements imposed by
private banks (Sacay). A series of typhoons in
1972 reduced the rice crop by 16% over the
previous three-year average, and during the
same  year (1972) the entire country was
brought under a land reform program that was
expected to restrict severely the credit tradi-
tionally provided by landlords 1o share-
tenants. Attemipting to boost rice production.
the government increased the flew of Jow-cost
credit to rice farmers in 1973:74 through a
program called Masagana 99 (World Bank.
chaps. 6. 7).

During Masagana 99°s initial year. farmers
were allowed to borrow up to 900 pesos per
hectare (Prhay per six-month season. In 1974/
75 the loan limit was increased to P1.2007/ha
(P7.30 = USSLO0 between 1973 and 1979).
These production loans are available at an ef-

Mark W Rosegruntis i research fellow at the International Food
Palicy Research Institute, Wishington, D.C. Robert W. Herdt i
an agncultural economist at the International Rice Research Inst-
tute. Los Banos, Philippines.

fective interest rate, including service charges
and discounting, of approximately 165 per
year. In 1974/75, over 409 of national rice
area was financed under Masagana 99, but
financing declined to about 107 in 1977/78. A
major cause of this decrease was the fre-
quency of defaults on Masagana loans. dis-
qualifying farmers from further borrowing
under the program.

The primary alternative source of produc-
tion loans is the informal financial market.
Credit availability in this sector varies, but
surveys conducted by the International Rice
Research Institute (1RRI) indicate a range of
effective credit ceilings of P300-P600/ha in
Central Luzon. Informal market interest rates
vary from 307 to 100% . with average rates of
4577 1o 5077 (Rosegrant 1978, Manto and Tor-
res).

The Philippine government also has sub-
sidized fertilizer prices. A two-tier fertilizer-
pricing system was established in 1973, when
fcrtilizer supplies in the international market
were growing tight and world prices were in-
creasing rapidly. A subsidized price was estab-
lished for rice and other food crops, with a
higher price for export crops, set to reflect
import and marketing costs. This system con-
tinued until 1975/76, after which a uniform,
subsidized price applied to all crops (table 1).

Rice production increased at more than 5%

Copyright 1981 American Agricultural Economics Association
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Table 1.
Subsidies, Philippines

Amer. d. Agr. Econ.

Prices of Nitrogen and Phosphorus Fertilizer (P/kg) for Rice and Export Crops and

Price for
Rice Production

Rice Production
Subsidy?®

Price for
Export Crops

Cro

Yczx? Nitrogen ’hosphorus Nitrogen Phosphorus Nitrogen Phosphorus

1973.74 2,18 2.56 18 4.22 1.67 1.66

1974.75 4.38 183 7.07 6.48 2.69 2.68

19.576 y? R4 6.24 6.34 2.27 2.50

197677 1.68 4.09 168 4.09 0.72 1.21
1.68 4.09 3.68 4.09 0.22 0.51

197778

Source: Fertilizer and Pesticide Authority, Republic of the Philippines.
* Equal to the difference between the price for rice production and for export crops 197374 to 1975-76: equa! to import plus marketing

costs less sale price for 157677 and 1977 7K.

per year in the Philippines during the 1970s
(U.S. Department of Agriculture [USDAJ).
Obviously, many factors contributed: an im-
portant question is the contribution of credit
and fertilizer subsidies. Evaluation of these
policy instruments can be either normative or
positive. Comparison of ¢redit program partic-
ipants with nonparticipants in three Luzon
provinces shows that the former borrowed
roughly twice as much and spent about 507/
more on rice production inputs than the latter
(Herdt and Rosegrant). However, the rela-

tively small saumples studied and the effects of

differences in weather. quality of irrigation,
and technology prevent one from causally
linking the policies with the observed differ-
ences. Also such comparisons cannot separate
the effects of credit from fertilizer subsidies.
Modeling the decision process within a norma-
tive fromework is an alternative that meets
these objectives.

The normative framework is a multiscason
model incorporating  stochastic  production
technology. risk-neutral and risk-averse deci-
sion rules. short-term  savings/consumption
behavior. and a dual financial market with in-
stitutional and informal sectors. Systematic

behavioral assumptions govern allocation of

funds within the model.

A problem with modeling credit use is that
fungibility of credit permits program funds to
be diverted from their intended purpose into
other enterprises or consumption (Von Pis-
chke and Adams). Diversion to alternative en-
terprises is a minor problem in the Central
Luzon area of this analysis—IRRI farm sur-
veys show that rice occupied 887 of the total
cropped land of rice farmers in 1979, and that
livestock enterprises were minimal.! Some di-

! Rice farm labor income accounted for AY 7 of farm carnings

version to consuniption probably does occur
despite the dispersion of credit in the form of
chits redeemable in kind. However, credit
regulations make this difficult to detect.

Between 1973/74 and 1975/76, rice farmers
could have sold fertilizer intended for rice to
the unsubsidized sugar sector, but this oppor-
tunity was limited by the small area planted to
sugar in Central Luzon. Following termination
of the two-tier price system, there was little
opportunity for arbitrage. Adequate supplies
of fertilizer were available at prevailing prices.
Thus. the model estimates an upper limit of
the likely production impact and provides a
buasis for separating the impact of fertilizer
subsidies from credit subsidies.

The Modei of Farmer Decision Making

Previous microlevel analyses of the impact of
credit policy on farm decision making have
utilized mathematical programming models
(Nascem. Ladman, and Whitaker). The Lad-
man and Whitaker models are static, one-
period models: all three models have deter-
ministic production relationships and a single
credit market. The dynamic model presented
here incorporates stochastic production rela-
tionships and a dual credit market that is
characteristic of rural areas in the Philippines
and most developing countries.

Operation of the Model

The flow chart in tigure 1 outlines the model.
Initially. output and input prices and initial

and 757 of household labor earnings in another study conducted
in three rice-growing municipalities of Central Luzon in 1974
tGuino). Still another study showed that in 1978 rice provided 8577
of furm income in Laguna provinee of Luzon (Smith and Gascon).

v
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Figire 1. Flow chart of farm decision-making model

savings are set and farm characteristics spec-
ified to determine a vield distribution for any
set of inputs. The finuncial market in which the
farm borrows determines its interest rate and
credit ceiling. The net income distribution for
any input level can then be comnputed and op-
timal input levels chosen by the specified deci-
sion rule, subject to the credit ceiling.

The actual yield is generated by random
sampling from the yield distribution :orre-
sponding to the optimal input level, and actual
net income is computed. If net income plus
nonfarm income is greater than subsistence
requirements, savings are carried forward to

the next season to begin another iteration. If

total income is less than subsistence, the farm
defaults on its loan and. if necessary. borrows
from the informal credit niarket to cover sub-
sistence requirements. Savings is computed,
and the next iteration begins with the farm
denied access to the institutional market be-
cause of default. If total income exceeds sub-
sistence requirements, the farm remains in the
institutional market and begins the next itera-
tion.

To solve the model for mean input use.
yield, and income over several seasons, the
decision/outcome process is represented as a
finitc Markov chain process (Chung. Feller).
The states «y. «.. . d, in the Markov
process are determined by savings level and
financial market access. Any state «, deter-
inines input choice when the decision rule is
specified and parameter values (such as rice

price and input costs) are set. Input choice
implies 2 yield distribution, which is used to
compute the row of transition probabilities p;;,
=1 ..., mof moving from state «; at the
start of one scason to «; at the start of the
followin, scason. Computation of transition
probabilities for all «, provides the Markov
transition matrix. Specification of the distribu-
tion of farms across states in the initial scason
then permits solution of the model for the
mean values of input use. yield, and income in
any subsequent scason.

Farm Characteristics

Farms are differentinted by tenure status
(fixed or sharecrop rent), irrigation quality.
seepage and percolation rates, and zeason of
operation. The latter three define a water re-
gime. The water regime determines the dis-
tribution of moisture stress in the production
function (described below), thereby determin-
ing the frequency distribution of yield for any
input level.

Pricey

The prices of rice and the inputs (nitrogen,
phosphorus, insecticide, and herbicide) can be
set in the model to represent any desired poi-
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-

.77
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straining the ratio of nitrogen to phosphorus at
2:1.

Decision Rules

Decision rules which have been utilized in
modeling farmer behavijor have been reviewed
elsewhere (Anderson). A safety-first rule, to
maximize the net returns which can be ob-
tained with a fixed confidence level, is used
here because it permits consistent specifica-
tion of a range of attitudes toward risk (Dillon
and Scandizzo, Moscardi and de Janvry,
Roumasset). When the shape of the net in-
come distribution is known, the decision rule
is to maximize ., where d = v — ko, and u is
expected net income, « is the standard devia-
tion of net income, and & is the risk-aversion
coefficient.

The coeffic :nt & specifies the safety-first
confidence level, or level of probability along
the cumulative distribution of net income. For
a given distribution. the larger the value of &,
the greater the degree of risk aversion. If & =
0, the decision rule is risk neutral.

Income Allocation

Income is allocated between consumption and
savings. Levels of subsistence consumption
and nonfarm income are set, and income allo-
cation behavior is specified as a marginal
propensity to consume out of income in cxcess
of subsistence consumption requirements:

l, = l[ + l,,-
C=MH+al, — M),
Ss=58+1-C.

subject to [, = M, where [, is total income, I, is
farm income. /,, is nontarm income, C is con-
sumption, M is the subsistence consumption
level, a is the marginal propensity to consume,
S, is total savings carried forward to the fol-
lowing production season, and S, is savings
from the previous scason retained after pur-
chase of inputs.

When total income is less than subsistence
consumption, the constraint is not met, and
consumption cannot be determined by the re-
lationship above. In order to make up the con-
sumption deficit and meet subsistence con-
sumption requirements, the farmer fails to
repay either all or part of any production loan
he has obtained. Deficit-reducing behavior is
determined in the financial market.

Amer. d. Agr. Econ.

Financial Market

Farms face a capital constraint set by the level
of internally generated savings and by the
availability of credit from the financial market.
Total spending on fixed and variable costs in a
given season cannot exceed savings brought
forward plus new borrowing. The maximum
amount of credit available and its cost can be
set within the model to reflect any desired
credit policy.

Money can be borrowed from either institu-
tional lenders or informul money lenders. All
farms begin the first secason with access to the
institutional market for credit at a specified
interest rate up to a maximum loan limit. The
farm continues to borrow from the institu-
tional market unless, because of low produc-
tion caused by stochastic events, it can no
longer both repay the loan and meet subsis-
tence requirements. When this occurs, the
farm defaults on its institutional loan and sup-
plements consumption with the proceeds from
the loan default up to the subsistence con-
sumption level, allocating any additional funds
betwcen consumption and savings. If pro-
ceeds from the loan default are not sufficient
to make up the difference between income and
subsistence consumption, the farm borrows
from the informal credit market, the farm’s
only other source of credit.

When the farm is in the informal market, the
method for meeting subsistence requirements
reflects the better enforcement of repayment
and lack of alternative funding sources. In
case of low production, the farmer only delays
payment on the proportion of the production
loan needed to achieve the minimum con-
sumption. No additional consumption is al-
lowed, and no savings are generated. The por-
tion of the loan on which payment is delayed is
carried over to the next season and repaid
from income, along with any new production
loan taken out at the beginning of the next
season,

Production Function and Yieid Distributions

At the core of the model are the frequency
distributions of yield estimated from a highly
disaggregated production function incorporat-
ing managed inputs and environmental vari-
ables. The production function is of the form:

yo= f e g,
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wherei=1,....5:/=1.....nr=1,...,.
p. v is yield: x, are managed inputs (nitrogen,
phosphorus. insecticide, and weed treatment):
r; are stochastic variables (solar radiation,
stress dayvs. and insect infestation index) not
under farmer control and of unknown value at
the time of the decision about the v,: and ¢, are
variables not under farmer control but with
known values (clay content). Table 2 shows
the production function estimated from 674
observations taken from response experi-
ments in farmers’ fields in Central Luzon in
two wet and two dry seasons. In these exper-
iments. inputs not included in the production
function were held at levels comparable to
actual farm practices in the area.

The independent variables explain 7277 of

the variation in vields, and all variables ure
significant at the 0.01 level except for insce-
ticide, which is significant at the 0.05 level.?
Both insect infestation and insecticides are in-
clided because the usual practice is to apply
insecticide after initial infestation. Luabor is

* Mulucollineanty s potential problem i the production func-
tion since some varisbles appear in more than one term and some
of the independent vanables tnitrogen v solar radiation and nitro-
gen squared, stress day s and nitrogen o stress, and stress day s and
solar radiation v stress) are highly correlated. Howeser, multicol-
linearity 15 not harmrul unless it causes high standard errors and
lack of significance 1 the regression coeflicients  (Kmenta,
Johnston). This s not the case here.

Table 2. Yield Response Function for Modern
Rice Varieties in the Philippines (kg/ha)

Regression

Variable Coefficient  r-value
Intercept 1079 83+~ 7.86
Nitrogen 1 solar radation® 0.91° 12,75
Nitrogen squiired -0.06° S-SR
Stress days: 110.68° 6.70
Phosphorus (kg ha) R 4.12
Weeding dummy 1! 16011 Y68
Weeding dummy 2¢ 47,94 S0
Insect infestation index .87 S

("¢ infestation)
Insecticide (P [. 47" 282
Percentage of clay 28.40° 11.83
NHIOgen v stress =039 - S.6
Solar radiation v stress R.Y3 9.47

R* adjusted (72

Source: Wickham, Barker, Rosegrunt, p. 226

* Single astensk means coefficient signiticant at 0.01 level, double
istenisk means coefticient sigmificant at 0.08 level

" Solar radtion measured in kilocalories ¢m® duning the peniod 45
days before harvest to harvest.

* From 60 days after tansplanting to 20 days before harvest

¢ One application of herbicide.

* One apphication of herbicide plus one handweeding.

Credit Polic s and Fertilizer Subsidy in the Philippines
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not included in the production function be-
cause it was held constant in the experimental
plots except for that associated with applying
the specified managed inputs. Labor is there-
fore a direct function of managed inputs.
Typhoon damage, the most  impertant
stochastic variable left out of the production
function, was excluded because no typhoon
damage was experienced on the experimental

plots. In order to account for the impact of

typhoon on yield variability, the production
function was adjusted using a typhoon damage
index computed from farmers’ subjective es-
timates:

'

A (] - ”_f.(.\',- . ‘lr"

where 1 is the percentage vield loss from ty-
phoons,

Given a production function of this form.
the frequency distribution of y” for any x,. ¢,
can be estimated from the joint frequency ¢ -
tribution of the stochastic variables 1. v, (An-
derson, Dillon, Hardaker: de Janvry: Byerlee
and Anderson). Lack of information about the
conditional distributions  of the  stochastic
variables precludes analyvtical solution of the

Joint frequency distribution of the variables.

However, if it is assumed that the stochastic
variables are independently distributed. a dis-
crete approximation of the frequency distribu-
tion of ¥* for any x, and ¢, can be obtained by
repetitively sampling from the frequency dis-
tributions of 7 and ¢, and then computing point
estimates of v from the production function.?
With sufficient iterations, 1.000 in this case.
stable estimates of the moments of the dis-
trubution of y* can be obtuined and continuous
frequency distributions fit using Pearson's svs-
tem (Day. Elderton and Johnson).

In order to estimate the vield distributions.
frequency distributions were estimated for
solur radiation, insect damage. tyvphoon dam-
age. and stress davs. the latter under a range
of water regimes representing different qual-
ittes of irngation and drainage.

Solar radiation distributions were estimated
from 196675 data drawn from rescarch sta-
tion records in Central Luzon. The frequency

' The independence wssumption appears reasonable. Regres-
stons among solar radiation, stress dayv s, and insect damage using
the response tunction data resulted ininseniticant coetlicients and
Res of 0.06 ar less, The typhoon damage distnbution wis com-
puted using a 978 TRRI farm surves. Using this data, regressions
among typhoon damage. drought damage 1 proay for stress),
nsect damage esimates, and solar rnhation gave ainsigniticiant
coefticients and & masumum K2 of 1

VAN
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distribution for the insect infestation index
was computed from the 674 observations over
the four seasons from which the production
function was estimated. The typhoon dumage
index was computed from farmers’ estimates
of typhoon damage over five crop years in
Central Luzon.

A water balance model wias used to generate
frequency distributions of stress days for
good, average. and poor irrigated sites and tor
rain-fed conditions, cach with high, medium,
and low seepage and pereolation rates. The
water bulunce model simuliates weekly irriga-
tion and rainfall, [Uis based on sampling from
distributions of irrigation flows for sites in

Central Luzon and from the distribution of

rainfall recorded at Cabunatuan City. Nueva
Ecijia, 1949-74, Stress davs are computed as a
function ot weekly water flows and losses
from the site. Repeated iteration of the model
produces @ stable estimate of the distribution
of stress davs tor any quadity of nrigation and
soil type (Rosegrant 1976, 1978 Wickham.
Barker. Rosegrant. Wickham),

In the wet seison. maximum  expected
vields and Jheir standard deviations are similar
tor all qualities of irngation, while rain-fed
maximum expected vields are 137 lower (ta-
ble 3). In the dry scason, the difference be-
tween mavimum vields with low and high qual-
ity drrigation is 1.3t ha, High quality irrigation
reduces the standard deviation of vields by
307,

The Impact of Risk Aversion

The importance of risk aversion for farmer
input cheices is the subject of continuing de-

Table 3. Yicld-Maximizing Nitrogen level,
Maximum Expected Yield, and Standard De-
viation of Yield. Three Qualities of Irrigation,
from Lstimated Yield Distributions

Yield- Mavimum Stundind

Manimizing Eapected  Deviation

Irrigation Nitrogen Yield of Yield

Scison Quality the hao kg ha the hi
Dry High 152 3747 SS8S
Dry Medium 140 RNITN T04
Dy low 124 2458 X1
Wet High 12K 2977 K13
Wet Medium ‘24 2972 K28
Wet l.ow 124 203K 82X
Wet Ruinted 112 2,592 794

Noter Other inputs set at hagh fevels, 60 kg ha phosphotus, 2

appheations of insecticide. 1 apphication of herbicide, and 1 hand-
weeding: average sol quahty

Amer, J. Aer. Eeon,

bate. Binswanger (using an experimental
gambling approach with real payoffs) found
attitudes highly concentrated at intermediate
or moderate risk aversion. Dillon and Scan-
dizzo (using mental experiments) report val-
ues of the risk-aversion coefficient & (from the
decision rule, maximize d = v~ Ao} ranging
from -0.6 to 1.8, with a mean of 0.9. About
3007 of their sample farmers were highly risk
averse (A > 1.5). Neither study assessed risk
attitudes in actual production decisions.

Moscardi and de Janvry estimated a corn
production function, and computed the value
of & which would account tor the difference
between actual nitrogen use and the expected
income-maximizing level. The mean value of &
is 112 with a range of 0.0 10 2.0 and a high
concentration of strong risk aversion (A
1.27. However, their production function did
not include environmental variables such as
solar radiation and moisture stress. In addi-
tion, their assumption that risk explains all the
shortfall from optimal nitrogen use ignores the
possible impact of constraints such as limited
credit,

Roumasset explains actual nitrogen use of

two samples of Philippine rice farmers using
risk-neutral and risk-averse decision rules
with a production functicn adjusted for major
losses. He finds that the risk-neutral decision
rule explains actual nitrogen use better than
risk-averse rules.

To test the impact of risk aversion in this
model, alternative decision rules were defined
by specifying the risk-aversion coefficient 4.
Risk-neutral. moderate risk-averse, and strong
risk-averse rules were tested. In the neutral
case. A = 0.0, In the moderate case. b was set

to maximize nel income with probability of

(.20 on the cumulative frequency distribution
of net income. The strong risk-averse rule
maximizes the net income with probability
0.10 on the cumulative distribution,

Because the vield distributions. and there-
fore the net income distributions, have differ-
ent shapes for different farm types. the value
of A which specifies a given confidence level
on the cumulative distribution also varies. For
moderate risk aversion. & has a range of 0.62
to 094, with a mean value of 0.80. In the
strong risk-averse case. A has a mean of 1.44
and a range of .34 to 1.53,

Comparison of model results with actual
input use and yields suggests that the risk-
neutral  assumption  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
values for Central Luzon, 1971/72-1977/78.
The model was run for nine years (18 crop
seasons), generating a distribution of farms
between institutional and informal credit mar-
kets comparable to the actual distribution in
Central Luzon, 1971/72-1977/78 .4

The strong risk-averse rule generates input
use and yields far below the actual levels for
both irrigated and rain-fed farms (table 4).
Moderate risk aversion is relatively consistent
with actual results only for irrigated farm ni-
trogen use with the P600/ha informal loan ceil-
ing. In all other instances, the moderate risk-
averse rule produces input choices and yields
considerably lower than the actual levels.
Hence, the risk-neutral rule is used to examine
credit and fertilizer subsidics.,

The Impact of Credit and Fertilizer Policy

A subsidized credit program with increased
loan ceilings. similar to those under Masagana
99. and a fertilizer subsidy comparable to that
of the Philippine government were evaluated
for crop years 1973:74 (the first year of

* Reported resulis e aggiegated across 42 farm types: Yirn-
gited types operating in wet season only plus Y nngated types
operating i both wet wnd dry season plus 3 ram-fed wet season
types. cach then stratified by tene sttus tived payment. share
tenancy 1 Results e sweighted by the estimated area distribution
of these farm types in Central Luzon The resulis are not sensitive
to moderate shitts in the area distihution (Rosegrant 1978

Table 4.
Luzon, 1971/72 to 1977/78

Croedit Policy and Ferdlizer Subsidy in the Philippines
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Masagana 99) through 1977/78. Model param-
eters such as farm size, nonfarm income.
wages, rents, herbicide and insecticide prices.
and sharing rates were set at representative
values for Central Luzon. Farm prices of rice
were sel at their annual prevailing level.

Fertilizer prices were set for successive
runs of the model at the annual subsidized and
unsubsidized rates derived from table 1. Fi-
nancial market variables were set to simulate
the presence or absence of « Masagana-type
credit program. For model runs simulating
existence of a credi program. all farms were
assumed to begin in the institutional market,
with i loan ceiling of P1,200/ha and an interest
rate of 167 per yeur. The farms continue to
borrow in the institutional market until de-
fault, after which they enter the informal mar-
ket.

Interest rutes in the informal market were
setat 489 per year with maximum loan limits
at P300/ha and P600/ha for alternative runs.
For model runs simulating the absence of a
subsidized credit program. all farms were as-
sumed to borrow only from the informal mar-
ket.

Three policies were evaluated: both the
credit program and the fertilizer subsidy, the
credit program with no fertilizer subsidy, and
fertilizer subsidy with no credit program. In
cach case. the estimated impact of the policies
is compared with the case of no government
intervention: that is, with no credit program
and no fertilizer price subsidy.

Actual and Simulated Mean Input Use and Yields for Modern Varieties, Central

Nitrogen

(kg hi)
Decision Rule Farm Type 300 600
Actual” Irrigated 57
Actual Rain-fed Rh
Maodel 1 osults
Risk neutral Irrigated 54 67
Risk neutral Rain-fed Ry} 42
RisK averse
Moderate lrrigated 44 hK
Moderate Ramn-fed h2| 24
Risk averse
Strong lrrigated 2R 15
Strong Rain-fed Y Y

* Phosphorus, insecticide, herbicide, and weeding labor.

Informal Market Loan Ceiling

Other Inputs Yield
(P ha) tkg’hay
00 A0 300 600
251 2,437
2 1,753
227 281 2.216 2429
166 28 1.748 1.897
158 17K 2088 2163
[R1] 121 1,578 1.610
124 135 1.910 1.973
R0 hil] 1412 1,412

" Yields from the Bureau of Agreultural Economics. Input levels computed from five International Rice Research Institute SUTVEYS, Iwo
Bureau of Agricultural Economics surveys, and two Department of Agnculture (Special Studies Division) surveys.,

/\
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Combined Credit Program and Fertilizer
Subsidy

The combined impact of the credit program
and ferdlizer subsidy is large with either in-
formal credit market loan limit (table 5). With
a P300-ha loan limit in the informal market. the
combined credit program and fertilizer sub-
sidy is estimated to increase the average nitro-
gen use on arrigated and rain-fed farms by 43
kg ha, other imput use by P29l vields by
S10 kg ha (307, and imcome by P13 ha
(29°7). For the P600O ha informal market loan
ceiling. the esumated combined mmipact is re-
duced. but stll impressive: average increases
of 38 kg ha in nitrogen usc, PY0 ha in other

Table 5.
Fertilizer Subsidy, 1973/74 to 1977/78

Amer. d. Apr. Feon.

inputs, 393 kp/ha (219) in yields, and P118/ha
(2577) in income.

Irrigated tfarms are considerably more re-
sponsive to combined credit and fertilizer pol-
icies than rain-ted farms. They also gain higher
benefits. The reasons for their higher respon-
siveness are to be seen in the separate effects
of the credit program and fertilizer subsidy.

Credit Policy

The credit program alone produces substantial
gains for irrigated farms but considerably
fower benefits for rain-fed farms. For the
P3007ha case. for example, irrigated farms in-
crease yields by 2260 and income by 1497 due

Fstimated Increases in Input Use, Yield, and Income Due to Credit Program and

Other
l-irm Nitrogen Inpus Yield Income
Policy Type thg ha P b thg ha (P -hi)
Informal Market Loan Limit of P300 hay!
Credit prograom with lrrgated 49 162 619 15K
fertilizer subsidy
Rain-led 30 69 308 Rl
Average” 43 129 S10 131
Credit program, no lrrigated 2 127 97 67
fertilizer subsidy
Rain-fed 7 41 114 34
Average” 17 103 298 56
Fertibizer subsidy. Irrigated 14 - 13 106 55
ne credit program
Rain-fed 14 -~ § 102 I8
Average” 14 - 10 108 49
Informal Market Loan Limit of P60 ha
Credit program with Irrigated 42 115 466 142
fertilizer subsidy
Rain-fed 30 45 257 74
Average" 18 90 wm 118
Credit program. no lrrigated 13 78 229 49
fertitizer subsidy
Rain-fed 6 12 S0 28
Average” 10 54 127 15
Fertilizer subsidy. Irrigated 30 47 31 8S
no credit program
Rain-fed 6 KK 207 kb
Average” 27 is 274 69

“ Estimated increases are computed relative to cane of no credit program and no fertilizer subsidy.
v Average of urigated and min-fed farms, weighted by area harvested in Central Luzon.
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to implementation of a credit program without
fertilizer subsidy. while the vield and income
benefits tor rain-fed furms are 770 and 97,
respectively,

Irrigated farmy gain higher benefits from a
credit program that releases a binding credit
constraint because they can utilize higher
input levels more profitably than rain-fed
farms. Lower maisture stress in both seasons.
and the high solar radiation and lack of tyv-
pi;oons in the dry season increase the marginal
productivity and optimal level of nitrogen and
other inputs on drrigated farms. leading to
larger benetits than on rain-fed farms.

Addttional ruas were made to estimate the
impact of reducing iaterest rates from 487 10

167 without increasing the availability  of

credit. The independent impact of such a re-
duction ininterest rate is relatively modest: an
average increase for rrigated and rain-fed
farms of 5 kg-ha in nitrogen, 37 in vields. and
67 in income with the P600 hiu loan limit. and
3 Kgoha nitrogen, 27 in yield. and 37 in in-
come with the P300 ha loan limit.

The maximum interest rate impact oceurs
when creditis not constraining. so farmers can
respond fully to price. Sensitivity tests using
the model with no credit constraint show a
maximum increase in vields of 7 and in in-
comes of 1077 caused by o reduction in the
interest rate from 487 1o 167, When the
credit ceiling is binding. price changes are not
effective. Instead. an interest rate reduction
works by increasing the amount of inputs

which can be financed for a given amount of

credit by increasing income and savings avail-
able to finance inputs. This effect is smaller
thun the price impact. and causes a reduced
interest rate effect when a binding loan con-
straint holds for some or all farms.

Detandt Rures

The model predicts average annual detault
rates on institutional market loans of 9.7
with the fertilizer subsidy and 10.677 without.
As of the 1977 78 crop vear in the simulated
credit program, only 6677 of the farmers were
cligible for institutional credit in the sub-
sidized fertilizer case and 637 in the unsub-
sidized fertilizer case. With a P300-ha informal
market loan imit. the average vield foss due to
default in 1977 78 was 8¢ and income wis
reduced by 67, For the P6OO/ha informal loan
limit case. the reductions in benefits due to
default were approximately half as large.

Credit Policy and Ferulizer Subsidv in the Philippines
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Fertilizer Subysidy

The separate impact of a fertilizer subsidy in
the absence of o credit program is highly de-
pendent on the availability of credit in the
informad market. With the P300/ha loan limit
(which is binding on most farms), the decrease
in the price of feitilizer (due to the subsidy)
permits 14 kg ha more fertilizer to be used by
increasing the amount financed within the Joan
limit. Other input use decreases by P1O/ha be-
cause o small amount of the other inputs are
repluced by fertilizer which, because of the
subsidy. becomes relatively more profitable.
The net vield benetits of the fertilizer subsidy
are 67 with incomes increasing by 1197, Trri-
gated and ran-fed farms get approximately the
same benelits.

With the P60O-ha informal credit limit
twhich is nonbinding on many farms). the fer-
tilizer subsidy boosts tertilizer use through the
price impact. increasing marginal returns and
optimal fertilizer levels, It also § ermits more
fertilizer 1o be finunced through loans. The
impact of the subsidy on fertilizer use is nearly
double that of the P300-ha loan limit case.
With the higher loan limit. irnigated farms get
S07¢ higher vield benetits and double the in-
come benelits of rain-ted farms due to the
higher productivity ol fertilizer on irrigated
farms.

Conzlusions and Implications

Following the very poor hurvest of 1972/73,
the  Philippine  government instituted  sub-
sidized credit and fertilizer policies. Between
197273 and 1977-78. Phillipine rice production
increased by 5677 and rice yields increased by
IR (USDA)=--an outstanding achievement,
but one which could not be attributed only to
government credit and fertilizer policies. Our
analysis. using a dynamic model of farmer de-
cision mitking. shows that credit and fertilizer
policies could have induced at most a vield
increase of 21903007 for o set of farms rep:
resentative of those in Central Luzon. The
model correctly projected relatively large de-
fault rates from the government credit pro-
gram. These oceur becuause subsistence con-
sumption has priority over loan repayment in
vears of low production caused by unfavor-
able weather and pestinfestations. Assuming a
risk-averse, safety-first decision rule resulted
in poorer model validation than the alternative
risk-neutral profit-maximizing 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
market is lower. The greatest impact of the
credit program is in releasing the credit con-
straint: the independent impact of interest rate
reduction is small. This coniirms Adams’ sug-
gestion that higher interest rates. if they at-
tract substantially more funds into rural finan-
cial markets. would be preferable 1o sub-
sidized low interest rates and would not likely
reduce production significantly.

The substantial default rate on institutional
market loans causes a major reduction in
long-term benetits of the credit program. re-
ducing the number of farms with access to the
institutional credit market. These defaults also
reduce the effectiveness of the fertilizer sub-
sidy since its impact increases as the availabil-
ity of credit increases.

When the informal market loan limit is
P300/ha. the fertilizer subsidy alone contrib-
utes less than 2077 of the total vield increase
attributable to the joint credit/fertilizer pro-
gram. With an increase in informal market
credit availability to P600/ha. the yield ben-
efits of fertitizer subsidy ulone expand to 7007
of combined program benefits, even with the
high interest rate in the informal market. This
confirms  the importance of increasing the
quantity of credit to farmers so that they can
utilize yield-increasing inputs.

[Received June 197Y; revision accepred
May 1981.|
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