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SUPPLY RESPONSE OF SUGAR CANE IN INDONESIA

By Noer Soetrisno*

The paper investigates the supply response of sugar cane using an extended
Nerlovian model. The analysis is separated into sugar mills and farmers’ res-
ponses. Qutput response is decomposed into area response and yield response,

An important finding shows farmers to be responsive to price while millers
are not. The insignificant results on sugar mills indicate that when they are under
strict control, and are no longer profit maximizing, the Nerlovian supply res-
ponse does not apply.

1. Introduction

This paper attempts to quantify the determinants of sugar
cane supply to sugar mills in Indonesia. The current policy on sugar
production in Indonesia encourages greater participation of farmers
in cane growing. Before 1975, planting and processing of sugar cane
were done solely by sugar mills. It will be useful to find out the res-
ponsiveness of cane growers, e.g., farmers or sugar mills to price in-
centives.

2. The Institutional Setting

To understand the production side of the Indonesian sugar
industry, it is necessary to describe the institutional setting and look
at the role of two economic agents, the sugar mills and farmers, and
the government in influencing the decision of the agents.

Before 1975, sugar mills were a producing agent, managing their
own plantations on rented land and processing cane into centrifugal

*This paper is based on the author’s Ph.D. dissertation, “Farmers, Millers
and Sugar Production in Indonesia,” which was submitted to the University of
the Philippines, School of Economics in 1984
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sugar.! In the post-1975 period, sugar mills in Java mainly served ‘
as millers and managed a relatively small area. At present, mill-owneﬁ!' |
plantations account for only one-fifth of the total area of cane milled
by sugar mills. (Il
Farmers can be divided into two groups: the traditional cang ‘I'
growers and those under the intensification program. Traditional |
growers have been growing cane for a long time, mostly on unirtl:
gated land in a few regions. They are mostly self-financed and thelt
produce are milled only by a few sugar mills. The traditional cand |
grower has a choice between processing his cane into centrifugnl L
sugar or traditional sugar (gula merah). On the other hand, farmmrl‘,if “
under the intensification program are mostly those who used to lengs
their land to the mills in the pre-1975 period; at present they havy
become cane growers on their own land under the supervision of |‘
sugar mills and with the help of loans from the government banky,
Farmers under the intensification program are compelled to send
their cane to the mills to assure mills of a steady supply of cang,
i

The government plays an important role in influencing the sugn_ql'{r
industry, owning 54 out of 59 mills (state enterprise and semi-gov:
ernment owned). On financing, the government invests in the sugat
mills and finances them through credit for working capital. In
marketing, the government through BULOG, is sole buyer, importol'!
and distributor of centrifugal sugar. Aside from these roles, thy
government fixes annually the producer price known as provenus
price. Four government agencies implement these tasks, namely: thqi;
Ministry of Agriculture for production; Ministry of Finance for
pricing and financing the government investment on sugar and cons
trol; Bank Bumi Daya for financing of sugar mills and Bank Rakyal
Indonesia for credit financing to small farmers under the intensificqﬁ'
tion program; and BULOG which is assigned as sole importer and dig-
tributor and as of 1981 as sole buyer for domestic sugar. Aside from
these agencies, there is a newly-founded Board — the “Dewan Guly
Indonesia’ — which is assigned for production expansion.

||

= '|||:'

' Most of the sugar mills do not have enough land. Neither do they rent an
long-term basis (more than one harvest). In addition, they are allowed to ran@;
irrigated land from farmers for one harvest period under a three-year turnover
compulsory leasing system. In 1975 through Presidential Instruction No. 9/1976 |
government encouraged greater participation of small farmers by not compellinj
them to lease their irrigated land, but instead requiring them to grow cane to b
sent to the sugar mills under a production sharing system. Under this policy |
farmers receive subsidized credit from Bank Rakyat Indonesia (the government
bank) for planting cane and cost of living loans during the period that they ha {0
no income from cane production, ' l‘

[
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SUPPLY RESPONSE OF SUGAR CANE
3. Review of Empirical Studies on Supply Response

The supply response model, specifically the area response
model, has been used widely for studying agricultural supply func-
tions. Since output is a product of area harvested and yield, output
response can be decomposed into area response and yield response.?
The reason for using the area response lies in the fact that agricul-
tural output is determined by natural as well as economic factors,
and if the yield response is small, the area response is an appropriate
estimate (at least a lower bound) of supply output response (Scan-
dizo and Bruce, 1980).

Perennial crops may be distinguished from food crops because
of: (1) the long gestation period between initial input and first out-
put, (2) an extended period of output flowing from the initial prod-
uction or investment decision, and (3) eventually, a gradual deterio-
ration (usually) of the productivity capacity of plants (French and
Mathews, 1971). In the case of cane, either new planting or growing
the ratoon and uprooting annually after the first cutting is possible.
Some properties of tree crops are common.

The empirical model used in this study is drawn from Nerlove’s
supply response analysis. The application of Nerlove’s supply res-
ponse for sugar cane has been done in India by Nowshirvani (1962),
Krishna (1963) and several other authors; in the Philippines by
Askari (1973) and Ilag (1970); and in Indonesia, by Gunawan
(1977). Nowshirvani pioneered the work on the supply response of
sugar, basically employing the Nerlovian model by including longer
price lagged variables to capture the nature of cane as an annual
perennial crop. Nowshirvani’s findings indicated farmers did respond
to the sum of two consecutive lagged prices. On the other hand,
Krishna also applied the basic Nerlovian partial adjustment model,
but treated one-year and two-year lagged prices (P;.; and P;.9) sepa-
rately as independent variables and found this useful since farmers
responded differently. The study done by Ilag in the Philippines
employed the simple one-year lag of sugar price, wage rate and rice
orice as competitive crop prices. Since the Philippines is an export-
ing country with the U.S. as the main market for her sugar exports,
Ilag considered the U.S. quota as an explanatory variable. Askari’s

2@ tput @ = AY, it i ible to decompose 09 .. & Lea
Given output @ = , it is possible to decompos 3P Q P
P avllil'p

—— + ——— . — . Hence, total output elasticity with respect to price can be
A oP Y

decomposed into area and yield elasticities with respect to price. See Pan A.
Yotopoulos and Nugent (1970).
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study for the Philippines found that the basic Nerlovian expectatioh:" |
aquation did not yield satisfactory results. He suggested that expect:
ad normal price is equal to one-year lagged price plus the price

change from two-year lagged period. 'i .

The findings of Gunawan (1977) for Indonesia showed th&li!|
farmers did not respond to price since the coefficient was not signliii {
ficant. On the other hand, the sugar mills did respond to \u.rholeaul‘]_al'I |
orice negatively, and the coefficient was statistically significant. 'I‘h'qi| |
aegative response of sugar mills could be due to the definition of the
orice variable. Sugar mills were not paid the wholesale price, hl;lf_l;l
nstead received the provenue’ price which does not necessarily 1:-
ncrease with an increase in the wholesale price. |

| |
Most of the studies done so far have been more concerned withi!| hl
the area response; this is presumably due to the assumption thal h'
farmers’ yield response to price is marginal. The only exception ig.i I' ,
lag’s study (Philippines) which found a very high response, indic’nil |!
ting that the elasticity with respect to wholesale price is greater than
one. This finding therefore supports the need to estimate yield res:
ponse, especially for cane, as annual perennial crops. I M
|
|
4.1 Sugar Mill’s Area Response ) . i‘

4. The Model, Data and Estimation

Given the two different types of cane planting, it seems reason:
able to separate the analysis into sugar mills’ and farmers’ responseat.-!
T'he distinction is not only in the ownership, but also in the techw.I
nology used, the type of land utilized, and prices faced by sugar mill.;'i

and farmers during the period under study.

Sugar mills in Indonesia are mostly state-owned enterprise[!

whose production activities have been restricted by several regula«
tions. Land allocation used to be regulated by the three-year turn.
over system (one cane-growing period every three years) and from
1967 to 1975, the rent level was fixed by the government. Further«
nore, the output must be sold at government purchase price. |

; il

Although cane is a perennial crop, the sugar mills cannot tark_q! i
advantage of growing a ratoon crop, because they must return tha_;| il! '
e ||
||

3The term provenue is defined as the price (amount) received by supur
mills as a producer’s price. Before 1969 it was calculated from the ex-mill pri'cl_;' .
(price at which the mill sells to wholesalers) after deducting taxes, funds and
bags’ costs. After 1969, provenue was fixed annually, and the ex-mill price with |
also fixed based on provenue plus fees, '

242



SUPPLY RESPONSE OF SUGAR CANE

rented land to the farmers after the first cutting. They can only prac-
tice the ratoon system on their own lands which account for less
than one-fifth of the total land area planted by the sugar mills; these
lands are used for factory complexes, experiments and growing cut-
tings.

In Indonesia where sugar mills face only the government-fixed
price and where their plantations are on rented land, numerous insti-
tutional factors prevent the desired area response from being
realized. To adjust to their desired response, sugar mills require time
because the lease contract can not be changed once the terms have
been set and the contract signed. The lease contract for the coming
year’s harvest is usually signed during the end of the wet season (be-
tween January and March) and the planting takes place after the wet
season crops’ harvest. Given this situation, the partial adjustment
model is therefore an appropriate basis for constructing the model.

Sugar mills do not practice the ratoon system, and face a single-
harvest expectation. Hence, based on the standard partial adjust-
ment model which assumes expected normal price to be equal to
last year’s price, the area response for sugar mills can be constructed
in the following equation:

) ASMr-:aO'*a}PStJ aQPCt-I +03ASMt_1+et

where :
ASM : area harvested under sugar mills plantation

PS : price of sugar (provenue price deflated by cost of living
index excluding rice)

PC : price of competitive crops (weighted average of rice,
corn and cassava deflated by the same deflator as price of
sugar

t :time (year)
e :error term?

Equation (1) states that the current area of sugar cane harvested
depends on the lagged prices of sugar (provenue) and competitive
crops, and on a one-year lag of the area. The expected sign of aj and
ag is positive, while that of ag is negative.

Since the recorded data are on area harvested, not on area
planted, data on the former must be used, and it must be assumed

4The weighting factors calculated are based on the composition of value
output of these three crops in Java during 1960-1981. The average shares are:
rice = 0.62, corn = 0,15 and cassava = 0.23.
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that area harvested is equal to area planted. When dealing with data ‘
on the harvested area, it is held that the decision to plant was made in
the previous year. The information used in making the decision to i
produce is based on the year when planting takes place. Since the
government announces the new provenue price at the harvest season, |
and planting starts 2-3 months after harvest, the one-year lag in .
price is considerably appropriate. The price of substitute crops, while i
not directly affecting the area planted or harvested, affects the deci- |

\ |

|

tunity cost for the farmer of leasing their land to sugar mills.

As an alternative to the one-year lagged sugar price, the current
provenue price is also tested. Since sugar mills prepare annual budgets,
and therefore estimate their cost of production for the coming
milling year, and because of their direct tie-up with the Minis-
try of Agriculture which fixes provenue price, it is reasonable
to assume that sugar mills have an idea about the provenue price in
the coming milling year. This is the basis for hypothesizing a relas
tionship between current provenue price and area harvested,

NOER SOETRISNO

To grasp the effect of a change in government policy, an inter-
cept dummy variable that captures the effect of the intensification
program is introduced. Since the intensification program changed the
rent system, we can expect a negative effect of this policy on area
harvested of sugar mill-owned plantations.

the sugar mills can not cancel the lease contract at the end of the wet
season once they sign it; this factor can only possibly delay planting.
Furthermore a study on Indonesia has shown that rainfall did not |
significantly affect the area harvested (Gunawan, 1977).

The weather factor is not included in the area response since |

|

4.2 Farmers’ Area Response |
Small farmers have more choices in planting, harvesting, and
selling their cane or sugar than the sugar mills. Many factors affect

their decision to plant and to harvest. As in the case of sugar mills, |

the reported data are only on area harvested of farmers’ cane mllled I
at the sugar mills, which accounted for only 30-60 per cent of total
area harvested by farmers. Farmers can send their produce to the
mills to be processed under output sharing, or sell them in cane form, 'J
or have the cane processed traditionally as gula merah.® Since farm«

sion of farmers on whether or not to lease their land. The price of
substitute crops can also be interpreted as a proxy for the oppor:
'\

S Gula merah is brown sugar which is processed traditionally and formed |
inside a coconut shell, It is similar to penocha in the Philippines.
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SUPPLY RESPONSE OF SUGAR CANE

ers practice the ratoon éystem in cane planting, one must therefore
take into account that sugar cane is a perennial crop.

In constructing the model, two decisions should be considered:
the decision to plant or grow ratoon and the decision to harvest
based on information between the two periods. Farmers, especially
free farmers, are free to sell their output, using the retail price as a
proxy for the highest price level they could get.

To capture the nature of perennial crops in the standard Nerlo-
vian partial adjustment model, price lags for two consecutive years
will be included. The partial adjustment model of an extended
Krishna’s form of price expectation will be tested.

Using lagged prices of two consecutive years and current price,
the farmers’ area response of sugar cane sent to the mills can be
written in the following form:

(2) ASF,=b + bIPSGt + bZPSCt-I + bBPSCt-.? + by ASF, 4 +e,

where

ASF  : area harvested of farmers’ cane sent to the sugar mills
PSG : price of sugar relative to gula merah (retail levels)
PSC  : price of sugar relative to food crops (retail levels)

and the rest as in the previous equation. Equation (2) expresses the
area harvested as a function of current price of sugar relative to gula
merah, one- and two-year lagged prices of sugar relative to the prices
of food crops, and lagged area. The variable PSG reflects the decision
of farmers to either send their harvest to the mills to be processed
into sugar or process the cane traditionally into gula merah. There-
fore, the expected sign of & ; is positive since a higher sugar price
relative to gula merah will encourage farmers to send their cane to
the mills.

Both the one- and two-year lagged PSCs reflect the opportu-
nity cost of farmers to grow cane as compared to food crops. For
this purpose, food crops are measured in terms of the weighted
average of the prices of rice, corn and cassava.® In this case, it is
expected that a high price of sugar relative to food crops will posi-
tively affect area planted to cane, such that the expected sign of & P
and b; is also positive. The inclusion of two consecutive lagged
prices is to capture the nature of cane as a perennial crop where
ratooning is possible and cane-growing takes more than a year. In

SThe weighing factors are the same as in the footnote to equation (1).
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Java, free farmers usually plant cane on unirrigated land (tegal and
sawah) which has a different planting season. For tegal land, plant-
ing is done at the beginning or the end of the wet season i.e., bex
tween October and April (Djojosuwardho, 1981). With this schedulta.
they get second priority in milling, so their cane is milled early or
late in the milling period when the sugar mills are not in the peak ol
their own cane processing.

To capture the effect of government policies during the period
under study, two dummy variables are introduced: first, a dummy
variable to capture the effect of the intensification program where
1976-1981 = 1, otherwise = 0; and second, a dummy to capture the
effect of a change in marketing system where 1971-1981 (markets
ing under BULOG) = 1, otherwise = 0. Under the BULOG era,
market price is stable. We can therefore expect a smaller price dif-
ferential between harvest and off-harvest seasons, i.e., for a given
annual average price, there could be different price levels during o
certain period (planting), and this could have an effect on response,

4.3 Yield Response Function

Although some authors have neglected the yield function be-
cause its response is typically small, this study explores the yield
function in explaining the declining yield. Yield is basically deters
mined by natural factors and influenced by technology and prices of
inputs.

The efforts of sugar mills or farmers to change yield as a resull
of changes in output and input prices are made on cane already
planted. When farmers decide to plant they consider input prices,
but the decision to put in greater effort and more money on the
standing crops depends on expenses relative to expected returns,
Current costs are known to farmers or planters during the growing
period, but the price of their output is subject to uncertainty. The
only information made available during the growing period is the
price already fixed by the government. Therefore the ratio between
input and output prices available during the growing season will
affect the yield. The input prices are represented by two main
inputs, namely: wages and the price of fertilizer relative to the price
of sugar. We are asked to use two different price ratios, namely:
wage to sugar price, and fertilizer to sugar price.

Variety is also considered an important determinant of yield.
We expect the composition of the standing varieties to affect the
yield. The problem is how to measure this variable properly as there
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SUPPLY RESPONSE OF SUGAR CANE

are many varieties introduced and rejected. To some extent, the
weighted average of potential productivity at experimental field as
a proxy for sugar cane varieties is considered appropriate.

Aside from these factors, natural factors such as weather heavi-
ly affect agricultural crops like cane. One measure of the weather
variable that is commonly used is rainfall. Rainfall affects yield in
two different ways. During the growing period, rainfall positively
affects the cane output by increasing the number of tons of cane.
Better water content in the soil during the growing period helps
make the plants healthier, especially during the critical months
of the driest period, July-December (BP3G-Pasuruan, 1977). In thé
three-month period at the start of the harvest season, higher rainfall
will negatively affect the yield by reducing the sucrose content
(Djojosuwardho, 1981). In view of this, the effects of rainfall during
these two periods are distinguished.

Soil type and quality also determines yield, but this study was
not able to obtain quantitative information on the composition of
the land used. Land available for agriculture is fixed and most pro-
bably decreases as tracts of crop fields are converted to buildings
and settlements. The additional land devoted to cane, given other
factors, is expected to diminish in quality. We expect total area
devoted to cane to have a negative effect on yield.

Based on the discussion above, the yield response functions
are constructed in the following form:

(8) YSMy=c,+C RFA, +cgRFA, 1+ coRWS, ; + c RFS, ;

+ 058GV, 1+ cpAST, |+ V,

where

YSM : yield of sugar mill-owned cane

RFA : monthly average rainfall

RWS : ratio between wages and sugar price

RFS : ratio between fertilizer price and sugar price
SGV : sugar cane varieties

AST : total area devoted to cane

Vv : error term,

The only difference between estimating equations for farmers
and mills lies in the use of SGV as an explanatory variable. Usually,
farmers get their cuttings from sugar mills and the only record avail-
able is that on the sugar mill-owned plantations; it is plausible to
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think that farmers will use the new variety only after a one-year lag,
Therefore the variable SGV will have a two-year lag.

As an alternative measure to the variable to capture the effect
of technological change (SGV), the extraction rate (ER) is intros
duced. This measure reflects both the productivity of varieties and
the qualitv of mills since the extraction rate depends on variety ol
cane, age of cane at harvest, the moisture content, and the milling
facilities.

4.4 Data and Estimation Procedures

In estimating area response and yield response functions, time:
series data covering the period 1960-1981 are used. Data on aren,
yield and variety composition are obtained from the Indonesian
Sugar Experiment Station (BP3G) in Pasuruan, which provides more
reliable figures because it has a strong tie-up with sugar mills. The
data on prices, rainfall and wages are obtained from the publications
of the Central Bureau of Statistics (CBS), Bank of Indonesia, and
BULOG (National Food Authority).

The specification and measurement of variables are as follows!

ASM = Area harvested of sugar mill-owned plantation;exs
pressed in hectare per year of milling year.

ASF = Area harvested of farmers’ cane which are sent to the
mill to be processed (either through output sharing,
or purchased in cane form); measured in terms of
hectares per milling year.

PS = Price of sugar, measured in Rupiah/100 kg; deflated

by cost of living index excluding rice with base year
1970 = 100. The deflator is defined as

COL, —W P,

NRI = x 100, where COLy, W,; and

rt

P,; are cost of living, weight and price index of rice ”

respectively, and NRI is the Non-Rice Index. Two
kinds of prices will be used in this study namely:
provenue price and retail price. The retail price i
that recorded at the urban market (Jakarta). ‘

D48
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SUPPLY RESPONSE OF SUGAR CANE

Price of competitive crops; measured using weighted
average of three commodities, namely: rice, corn and
cassava. All prices were obtained at retail level in the
rural markets of Java and Madura, and are therefore
closest to producer prices. The weighting factors are
culculated based on the composition of the average
value of production of the three commodities in Java
during 1960-1980. The weight obtained was 62 per
cent for rice, 23 per cent for cassava and 15 per cent
for corn; all prices were deflated by NRI.

Price ratio of sugar #6 gula merah, both at retail and
market prices in Jakarta.

Price ratio of sugar to food crops, at retail level,

Ratio of wages to sugar price. Weekly wages of labor
on estates are used since these are the only available
series covering sugar plantations.

Ratio of fertilizer price to sugar. The fertilizer price
for 1960-1970 was calculated based on import price
plus 50 per cent cost of distribution, while that for
1971-1981 was based on market price (usually the
same as the government’s fixed price),

Rainfall, measured as average monthly rainfall from
two cities: Surabaya and Semarang. This is the only
available series, and since sugar mills are concentrated
around these two big provinces, we consider it an
appropriate proxy for the whole area. RFA is sepa-
rated into two periods: one-year lag and current
period. The one-year lag was calculated for 12
months of April to March during which planting and
growing activities usually take place., The current
period is. the monthly average during the eight
months of April to November as milling season. Rain-
fall is measured in millimeter/month.

Sugar cane varieties, measured as weighted average of
productivity which takes the yield at experiment sta-
tion as a measure of potential productivity, and the
composition of varieties planted by sugar mills being -
used as weighting factors. This variable can be formu-
lated as
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g e
SGV* ilaft . Yi

rhere a,;,é is the percentage of variety i planted at year
, and Y;" is potential yield obtained by variety i at experiment
tation. The varieties included are eight types of main varieties ex-
snsively introduced and with high potential yield.’

The area response model uses lagged dependent variable as one
xplanatory variable, and is eskimated from time-series data; pre-
umably therefore, the serial correlation problem exists. The estima-
ion is done under SAS (Statistical Analysis System) Package Pro-
ram using GLM (General Linear Models) procedure.® To correct
erial correlation the yield response function is estimated using
\utoregressive Method. The AUTOREG model is similar to the
jochrane Orcutt procedure and is equivalent to generalized leasl
quares estimates with appropriate weights.’

5. Estimation Results
.1 Sugar Mills

The estimated regression equations for the sugar mills’ area res-
yonse function are presented in Table 1. In all equations estimated,
wo variables which always appear as statistically significant are the
agged area harvested, and the dummy for the intensification pro-
ram. As expected, the coefficients on lagged area all have a posi-
ive value of less than one. On the other hand, the dummy variable
hows that during the intensification program (1976-1981), the area

TThese varieties are POJ 3016, POJ 3067, POJ 2978, POJ 2961, PS 8,
’S 30, PS 35 and PS 41,

8The computational method consists of first solving normal equation
{’XB = X’Y using a modified sweep routine that produces a generalized (G2)
nverse (X’X) and a solution f§ = (X'X) X'’Y.Then for each effect in the model,
_matrix L is computed such that the rows of L are each linear combination
f the rows of X'X, Test of hygothesis LB = O are made by first computing
IS (LB = 0) = (LB)’ (L(X’X)'L’) (L), then the F statistics are computed using
he error mean square. See SAS user’s guide 1979 edition, SAS Institute Ingc.,
Jorth Carolina, pp. 237-263.

9The estimation procedure is as follows: Let Yy = X8 + Uy, where ug »
ty—ay Upj —asUps ... 9 Up-q_ First, the OLS is applied to compute the
wefficient of autocorrelation. The Yule-Walker equations are solved to obtain
sstimates of the autoregressive parameter and a preliminary estimate of a. Using
tocorrelation coefficients, the data are transformed into Z; = X;j + Z aj Xy,
I'hen the parameters and variances of [ are estimated using transformed data,
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vested by sugar mill-owned plantations decreased. This was
sected since during the period under the intensification program
)76-1981), the land rent on irrigated land was reduced gradually,
reasing the land allocated for leasing; the reduction was com-
ted by 1981. On the average, this policy decreased the area
nted by sugar mills by about 10,000 hectares as indicated by the
sative coefficients of regression on the dummy variable for inten-
cation.

Regarding the role of price as an explanatory variable, the find-

is showed that the sugar mills did not respond to the provenue
ce. The insignificance of price in the area response function could
due to the nature of sugar mills which probably ceased to be pro-

maximizing agents; instead, they just maintain a certain level of

>duction as targeted or planned by the Ministry of Agriculture,
was also found that price of competitive crops did not affect the
'a as the regression coefficient was statistically not different from
to; however, the sign as expected was negative. Competing crops
1 not affect the decision to plant or to harvest; they only reflected
2 opportunity cost to the farmers of leasing land to the sugar mills.

2 Farmers

The estimated regression equation of farmers’ area response as
esented in Table 2 shows that all fitted regression lines have F-
itistics which are significantly different from zero at a high level
1 per cent.

Selections Al and A2 are estimated for free farmers using two
nsecutive lagged prices, current price, lagged area, and intercept
mmies for intensification and marketing as the explanatory varia-
3s. In Selection Al, the price ratio of sugar to gula merah has a
sitive sign and is statistically significant at the one per cent level,
1e one-year lagged price of sugar relative food to crops appears with
negative sign, but is statistically insignificant, while two-year lagged
ice has a positive sign and is also not significant. Lagged area
pectedly has a positive sign with a value of less than one and is
itistically significant at a very high level of one per cent. The dum-
es for intensification and marketing appear with positive signs, but
3 statistically insignificant.

Selection 2 which excluded dummy variables for intensification
ogram and marketing under BULOG yielded a better result than
Jection Al. In Selection A2, PSG¢ appears with a positive sign and
statistically significant at the one per cent level. PSC;_; has the same
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Table 2 — Estimated Regression Equation of Farmers’
Area Response Function

Dependent Variable: ASF (Area harvested of farmers’ cane sent to
sugar mills; in ha.)

A. Free Farmers B. All Farmers
Al A2 B1l B2
1. Intercept —1,693 —4.,629 —6,497 —8,706

(—0.300) (—1.100) (—1.030) (—1.710)

2l pse, 37.746 37659 67550  67.620
(3.080)'  (3.700)'  (3.420)!  (3.460)'
g\ pea it —2472 2735 —12.068 —5.740
(—1.110) (0.140) (—0.450) (—0.230)
4. PSCyg 27.792 36717 22.355  31.315
(1.170)  (1.880)®° (0.980)  (1.250)
5. Lagged Area 0.515 0.571 0.808 0.800
(3.160)'  (4.030)! (10.280)' (10.730)!
6. D-Intensification 343 Lo 20,644 22,570
(0.110) (5.440)'  (6.050)"
7. D-Marketing 2,209 T 3,719 ==
{0.670) (0.840)
R? 0.813 0.804 0.988 0.988
R2 0.7217 0.758 0.992 0.984
F 10.890 17.430 199.590 266.530
Durbin-h® 0.572 0951 —0.459 —0.268

t-statistics in parentheses; 1s_ignificant at 1 per cent, “significant at 5 per cent and
3significant at 10 per cent level of significance.

2Durbin-h statistics indicate that there are no serial correlation.
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yositive sign but is statistically insignificant, while PSCt.9 yields a
)ositive sign and is statistically significant at the 10 per cent level,
.agged area yielded a positive sign of less than one which is statig-
ically significant, but it is slightly greater than that obtained in
election Al.

These findings show that current price ratio of sugar to gula
nerah has a strong influence on area harvested of farmers’ cane. This
s not surprising for the free farmers who have more flexible choices
‘or their harvest. On the other hand, one- and two-year lagged prices
»f sugar relative to food crops do not have a strong effect compared
o the relative price of sugar to gula merah. It was also found that the
wo-year lagged price has more influence than a one-year lag, the
-eason being that free farmers usually grow cane on unirrigated land
vhere planting takes place at the end of year ¢-2 or at the first quar-
er of year t-1. This finding is similar to Krishna’s (1977) finding
‘or India and Pakistan that as planting begins in March but prepara-
ion for planting starts earlier (December-March), a two-year lagged
srice has a stronger effect on area.

Selections B1 and B2 are estimated for all farmers including
‘hose under the intensification program in 1976-1981. Results of the
“how-test indicated that the parameters obtained from A and B dif-
‘er from one another. In general, the estlmated regression equations
‘or all farmers performed a better RZ. Three variables that appear
tatistically significant in both selectlons are: relative price of sugar
;0 gula merah, lagged area, and dummy for intensification program.

Selection B2 is better than Bl. In selection B2, the price of
sugar relative to gula merah appears statistically significant at the one
ser cent level and has a bigger value compared to the coefficient ob-
:ained from free farmers. The relative prices of sugar to food crops
‘or one- and two-year lags appear statistically insignificant, and have
1 negative and a positive sign, respectively. Although both are statis-
;ically insignificant, the two-year lagged relative price of sugar to
sule merah has a better t-statistic than a one-year lag. The insignifi-
;ant effect of PSC (relative price of sugar to food crops) could be
lue to the compulsory nature of the program.

The coefficient of lagged area for all farmers has a positive sign
ind is less than one, as expected, and the size of this coefficient is
wreater than that of free farmers. This means that the intensification
srogram slows down adjustment to the desired responses,'® under-

'9The coefficient of regression on lagged area is a;j =(1 — 7); therefore
higher a; implies lower . Since ¥ is a measure of the adjustment process, lower
y means that the adjustment to the desired response will take a longer period.
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standably so since farmers under the intensification program are
partly under compulsion. The intensification dummy to capture the
effect of the intensification program always appears highly signifi-
cant and the coefficient is found to be greater than the effect of
the intensification program in the reduction of sugar mill-owned area
(see Table 1).

To sum up, farmers respond to both price at planting period
(sugar/food crops) and price at harvest (sugar/gula merah). The
effect of lagged area is greater for all farmers than for free farmers
only; this is partly because of the compulsion and partly because of
the larger area under ratoon system. The change in marketing system
under BULOG does not affect farmers’ area responses. The intensi-
fication program tends to slow down the adjustment to desired res-
ponse. Finally, the intensification program increases the area of
farmers cane, and the increase is double the decrease in the area for-
mally operated by the sugar mills.

5.3 The Elasticity of Area Response

One of the purposes of estimating the supply response function
is to measure the responsiveness of area harvested. One measure of

the responsiveness is the price elasticities presented in Table 3.,
ey

Table 3 — Estimated Elasticities at Mean and 1976-1981 of Area
Harvested of Farmers’ Cane with Respect to Price

At Mean 1976-1981
Definition " Year Short  Long#* Short Long*
No. of Price Lagged Run Run Run Run

A.l1 Sugar/gula merah Current 0.269 0.627 0.312 0.729
A.2 Sugar/food crops One-year 0.016 0.037 0.007 0.016
A.3 Sugar/food crops Two-year 0.402 0.937 0.299 0.698

B.1 Sugar/gula merah Current 0.249 1.245 0.166 0.832
B.2 Sugar/food crops One-year —0.033 —0.166 --0.014 —0.071
B.3 Sugar/food crops Two-year 0.177 0.885 0.076 0.378

#The estimation is based on equations A2 and B2 of Table 15. A for free farm-
ers and B for all farmers (including those in the area under the intensification
program),

*The long-run elasticities were calculated by dividing the short-run coefficient
with the coefficient of adjustment. The coefficients of adjustment obtained
from Table 16 are 0.429 for free farmers and 0.200 for all farmers.
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Table 38 indicates that short-run farmers’ area elasticities with
yect to prices are less than unity, and therefore considerably
astic. Calculations of the elasticities for 1976-1981 indicate
. these elasticities are lower than those at the mean, except
sugar/gula merah which yielded a higher value for free farm-
As indicated by A.l, it appears that even though free farmers
respond to the price ratio of sugar to gula merah, the coeffi-
\ts are inelastic, meaning that the possibility of substitution
ween cane sent to the sugar mills and that processed traditional-
nto gula merah is limited. The reason for the inelastic response
1d be the limited capacity of the traditional processing indus-
, as well as, the limited market for gule merah as compared to
ar With the inclusion of the area under the intensification pro-

m for 1976-81 (period under program) as indicated by B.1 which
ma]ler than A.1 for short run, and as a result of slow adjustment,
long-run farmers’ area response to price of sugar/gula merah
ame elastic. This finding is reasonable since it is only the free
ners who have choices while the intensification program farmers
st send their cane to the mills.

The relative price between sugar and food crops lagged for two
rs appears with a positive sign and the elasticities at mean are
02 for free farmers and 0.177 for all farmers. As indicated by A.3
| B.3, the long-run elasticities are sharply different as a result of
ferent estimated coefficients of adjustment for the free farmers
| all farmers. The long-run estimate for free farmers is 0.937 while
t for all farmers is 0.885. The response of all farmers to a one-year
zed price is negative but insignificant, and the elasticities are close
zero.

In the short run, at mean, the response of free farmers’ is higher
n all farmers’, and for the period under the intensification pro-
m (1976-1981), free farmers become more responsive compared
all farmers. One important finding of the elasticity estimates is
it during 1976-1981 which represents the period near the comple-
n of the intensification program, the response seemed to be less
rtly due to the compulsion of the program. For free farmers, the
czision to plant is reflected in their response to two-year lagged
ce. This is usually done early in the rainy season (which is the
ter part of the year, two calendar years before). The long-run elas-
ities both appear to be inelastic as shown by A.3 and B.3 in
ble 4; this indicates that farmers’ response is not considerably
stic. Therefore government pricing policy can affect the deci-
n of farmers to grow cane, but the role of price in increasing
yduction is only limited.

256

Table 4 — Estiinated Regression Equation of Sugar Mill Yield Response*



SUPPLY RESPONSE OF SUGAR CANE

*JuedijTuisul punoj pue pali} usaq pey weidord UOIRIIFISUIUI JO 1910 9] 2anjded 0} S[qEBlIEA AWWIND YL«
‘aourdIjIuUFIs Jo [eas] quad 1ad QT 3® .,Exuwm:m_mm pue jus0 1ad g je usao_u_ﬁm_mn ‘quad 1ad 1 je acmocmnmmmﬁ {sasayjuared ur so1IS11875-1

- 92T'1 — 8ge'l - 02%'T Ma
80%°0 gev'0 89¢°0 0SL'0 86%°0 66%°0 A
6950 89G°0 675°0 3%8°0 €190 Z¥9°0 -t
G68'e 60%'% e70°'e 8IS’ 1T 096°¢ 08¥%'¥ g
(L92°8-) (899'¢—) (¥86°0--) (9¢8'0—) (829'%—) A19L°3-) ;
£000°0— £000°0-- 80000°0— L0000 0— LO00 0— 8000 0— ISy =8
(259°0) (120°1T) (881°2) (9%4°2) (106°0) (L82°1) ra
9€0°0 LS00 G800 860°0 8%0°0 G900 STY=-—=1
(0ze'1-) (120 1) (090°¢—) (6TL°8—) (988 1) (g6€°%-) R
088°0— 187 0— 89G°0— LE9 0— L0S"0-- 9190 Houwg 9

(28T°%) (L19°%) 1
- — 6%6'ST 82191 - - Syg 'S
(619'1—) (8GL 1) :

- — - — G60'8— 19%'¢— ADS ¥
A¥¥1°2) (L6¥°3) (L69°0—) (89 0—) (68€°2) (819°%)
18T°0 98T°0 S%0'0— 0L0°0— R4an) L8T0 Myry e
(g0g°0—) (061°0—) (0TL'T) (g88'1) (e11°0—) (1L0°0) “
89%0°0— 10 0— 8L0°0 $80°0 900°0— ¥00°0 V¥ %
(60L°8) (0¥%1°8) (69¢'1—) A89L° 1) {068°'T) .(20T1'2)
1G0'ITT %€0°00T £8TVG — £69'79 — 9£2°29% 956°809 jdeoroqu] T
HAYOLAV S70 HAFOLAV S710 DAYOLOAV S710

€ uos[es g UoI9[es T Uo1303798

(*ey/'83y QQT) @ued pauMO [[TW Te8ns JO PIAIX :d[qerreA juapuada(g

257



NOER SOETRISNO
t Sugar Mills’ Yield Response Function

The estimated yield response function of sugar mills is present-
in Table 4. The Durbin-Watson statistics obtained from OLS indi-
;e the presence of serial correlation. To correct serial correlation,
JTOREG is used, and the results obtained from both methods are
»orted in Table 4.

Selection 1 was estimated using the original model. Results re-
iled that except for SGV and RFS, all the signs of the regression
efficients were as expected. The explanatory variables which appear
tistically significant at the 5 per cent level are: one-year lagged
nfall and total area devoted to cane, The SGV yielded a negative
>ugh insignificant result; this is seen to be related to the lower
ality of land and lower treatment in the field. Though the varieties
inted have higher potential productivity, they do not result in high
>ductivity when planted on lower quality of land. The wage-sugar
ce ratio negatively affects the yield but is only statistically signi-
ant at the 10 per cent level. When wage is high relative to sugar price,
zar mills tend to reduce their expenses on inputs by lowering pro-
ctivity. On the other hand, the fertilizer-sugar price ratio yields a
sitive but insignificant sign. This might be because fertilizer price had
en subsidized at a fixed rate from 1971 to 1980. Or this might be
e to the small share of fertilizers to total expenses (8-10 per cent
total planting cost) relative to wages and land rent expenses. Also,
sre is a biological limitation to increased use of fertilizers which
o affects sucrose content. The total area devoted to cane appears
nificant and negative. This implies that marginal land is of lower
ality, and supports the hypothesis that as sugar mills and farmers
pand the area, they use lower quality land.

Selection 2 was estimated using ERS (extraction rate) as a
sasure of variety changes instead of SGV; the results do not appear
perior to Selection 1. The ERS positively affects the yield; it is sta-
tically significant at the 1 per cent level. From selection 2, it
pears that RWS still gives the same effect as in Selection 1 and
slds a statistically significant coefficient. Although the RFS yields
better t-statistic and level of significance, the sign is contrary to
pectations.

In selection 3, two variables which appear as significant deter-
nants of sugar mills’ yield are one-year lagged rainfall and tota:
»a devoted to cane.

The important finding from the sugar mill’s yield function is
at one-year lagged rainfall, the wage-sugar price ratio (one-year
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lagged) and total area devoted to cane are the main determinants of
yield. This seems to support the hypothesis that sugar mills expand
their area on lower quality land. Sugar mills respond to the wage-
price ratio by improving yield, although the response is quite inelas-
tic. !

5.5 Farmers’ Yield Response Function

As in the case of sugar mills, the farmers’ yield function ob-
tained from the OLS method suffered from a serial correlation prob-
lem; therefore the AUTOREG method was employed. Among the
three selections presented in Table 5, Selection 2 is statistically
superior, i

From Selection 2, two variables which performed contrary to
expectations are the fertilizer-sugar price ratio and total area de-
voted to cane. The current average rainfall has a positive sign, but
is statistically significant only at the 10 per cent level. This result
could be due to the fact that farmers’ cane mostly occupies un-
irrigated land, and in the dry season (April-October), there is a
need for enough water to sustain cane growth. Therefore the higher
the amount of rainfall during this dry period, the higher the yield.
The effect of average rainfall from the previous year is found to
be insignificant; this could be because cane planting in unirrigated
lands takes place during the rainy season. Therefore rainfall is not
an important factor during the growing period.

The extraction rate is statistically significant and has an im-
portant positive effect, since it has an elastic effect on yield. The
elasticity of the extraction rate on yield at mean is 1.57, which
means that an increase of 1 per cent in the extraction rate will bring
about an improvement in yield by one and a half per cent.

The wage-sugar price ratio has a negative sign that is statistic-
ally insignificant. This may be explained by the nature of farmers’
cane-growing which is done on a small scale and which utilizes
family labor. There is a substitution between hired labor and family
labor, and wages become a less important determinant of the yield
variation. The fertilizer price relative to sugar has the same posi-
tive sign as in the case of sugar mills and is also statistically insigni-
ficant. During the seventies, fertilizer price relative to sugar dropped,
but fertilizer use can not expand without limit and its contribution

1 The estimates of yield elasticity with respect to RWS;; at mean was
found to be —0.135, and is therefore considerably inelastic. The elasticity of
yield with respect to total area is —0.90.
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in total planting cost is relatively small. This might explain why this
factor became a less important determinant of yield.

Surprisingly, the effect of total area devoted to cane on yield is
positive and statistically significant. In terms of responsiveness, as
measured by the elasticity of the coefficient, it is very inelastic since
its elasticity at the mean is only 0.80.'> The explanation for this
finding is that historically, farmers’ cane used to be planted on un-
irrigated land which is still available with lesser competition to food
crops compared to irrigated land. Throughout the period under
study, farmers’ cane did not experience any significant movement
in yield trend, while area devoted to cane experienced a significant
increase of about 150 per cent.

The yield function for all farmers which includes farmers under
the intensification program for 1976-1981 is presented in Table 6.
These equations which were also tested using the Chow-test are
shown to be significantly different from free farmers’ yield response
presented in Table 5. As in the case of free farmers, from the AUTO-
REG method, only selection 2 (using the extraction rate as a measure
of sugar cane variety) is found to be statistically fit. The current and
last year’s average monthly rainfall have a positive and a negative
sign, respectively, contradicting expectations, but none is statistical-
ly significant.

The extraction rate yields a positive sign which is statistically
significant at the one per cent level. In terms of responsiveness, the
yield’s elasticity with respect to the extraction rate is 1.08 (close to
unity). This is below the free farmers’ yield responsiveness, and could
arise from the fact that the area under the intensification program
not only has a lower extraction rate but also a lower productivity
of cane. The elasticity for the period 1976-1981 is found to be less
than unity (0.89), confirming that the declining yield during this
period is due more to declining productivity of cane rather than the
extraction rate.

The total area devoted to cane yields a positive sign that is
statistically significant. The reason is that the inclusion of the areas
under the intensification program has pushed farmers’ yield higher,
because the intensification program occupied irrigated areas which
are of better quality land. In terms of responsiveness, the elasticity
of yield at mean with respect to total area is only 0.04, which is
negligible,

12Elasl;icity estimated for the last six years (1976-1981) is found to be
0.41, which is much greater than elasticity at the mean, but is still inelastic.
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The farmers’ yield function estimation raises two important
points. First, whether the area is owned by free farmers or included
in the intensification program, the extraction rate seems to be an
important determinant of yield; however, it is less elastic in the case
of areas under the intensification program. This is possibly due to
declining cane productivity per hectare of land, and it is also the
main cause of declining yield during the intensification program.
Second, even though the total area devoted to cane appears to have
a positive effect, it is only slightly greater than zero, in terms of
elasticity coefficients.

6. Concluding Notes

We have investigated empirically the supply response of sugar
cane using an extended Nerlovian model. It was found useful in ex-
plaining the behavior of farmers in harvesting, when the assump-
tion bf profit maximizing agent is fulfilled. The insignificant results
for sugar mills indicated that when they are under strict control,
and are no longer profit maximizing, the Nerlovian supply response
does not apply.
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