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ABSTRACT

In many developing countries food  self-sufficiency is considered of
overwhelming  importance.  Policies  which  could  encourage  greater
production of food crops are sought and the formation of these policies
necessitates supply response studies on food crops. While many such studies
have been carried out for various developing countries, studies of this kind
for China are limited. This research estimates grain supply response for
China using pooled cross-sectional and time-series data. The empirical
evidence indicates that, besides weather conditions and technological
progress, prices are important determinants of grain supply in China. Policy

implications are discussed.
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1. INTRODUCTION

Policies which could encourage greater production of food crops are often sought by
developing countries. Supply response studies on food crops can do much to help the
formation of such policies. Many studies of this kind have been carried out for various
developing countries, for example, Bauer and Yamey (1959), Krishna (1963), Falcon
{1964), Manghas, Recto, and Ruttan (1966), Behrman (1970), Parikh (1971). Livingstone
(1977), Flinn, Kalirajan, and Castillo (1982), Alam (1992), and Ghosh and Neogi (1995).
Lim (1075) and Askari and Cummings (1976) both contain surveys of such studies before
1976 while a more recent survey has been given by Rao (1989).

In marked contrast. however, studies of this kind for China are not extensive. Two
attempts worth-mentioning are Tian (1990) and Chen and Buckwell (1991).

The primary objective of Tian’s study is to examine the effects of the grain
procurement system on grain production in China. Time-series data are used. The initial
year of the time series starts from 1952 but the end year was not indicated. Tian (1990)
finds that the influence of prices (i.e.. grain procurcment prices and market grain prices,
prices of non-grain farming produce, and input prices) on farmers’ production decisions
has become stronger since the rural economic reform in late 1970s, with the effect of
market grain prices being the strongest.

As a part of their detailed study on the Chinese grain economy and policy, Chen and
Buckwell (1991) also investigate whether Chinese farmers are responsive to price signals.
They estimated a series of grain supply response models both at the national aggregate
sector level and regionally. Time-series data are used (1952-84). They conclude that while
“self-subsistence is a fundamental issue ... beyond the motivation of self-subsistence,
profitability is a factor which influences producer’s supply response behaviour” (Chen and
Buckwell 1991, p. 97). However, the sign of the independent variable, the ratio of
procurement prices of grain over cotlon (representing competing crops), is unexpectedly
negative. Theorctically, a positive sign for this variable is expected. The same criticism
applies to the result for another price ratio independent variable, ie., the ratio of grain
procurement price over fertiliser priee, where a negative sign is also found,

Given the importance of grain to China, there is a strong need for more supply
response research for China. This research estimates grain supply responses for China
using pooled cross-sectional and time-series data at the provincial level (1987-93). Its
primary objective is to identify those major factors which affect the supply of grain. The
cross-sectionally heteroskedastic and timewise autoregressive model is used.
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The next section addresses model specification issues. Seetion 3 discusses data

collection and compilation. Results are given in Scction 4, The final scction offers
conclusions and policy imphications of the study.

2, MODEL SPECIFICATION

The varables to be included in an econometric model must be defermined first. A number
of factors affect grain production. Several price {actors, namely, government procurement
prices for grmn and non-gram farm products, (ree market grain prices, and production
mput prices, are believed to have more direct and important effects on grain production.
Farmers” meomes from gram production and thus farmers’ deeisions on grain production
arc critically influenced by these [actars, Thus these factors are considered most important
and are o be included e the supply response model. The first two price fuctors, i.e.,
procurement prices of gram and non-gram crops, will appear in the modet as a ratio.
Furthermore, in societies such as Cluna, grain owtput may not be purely a function of
some econonic factors. Some non-cconomic factors, ¢.g., technological progress may also
contribute importastly o gramn output. tmportant also is the weather in such a farge
agricultural  country  with msufficient  weather-resistant  infrastructures.  As  such,
technological progress and weather conditions may need 1o be included in the model.?
Therefore, grain output can be mathematically expressed as a function of the above

identified factory, e,
(GO =[PP, P, P, W, TT)
where:

GO: grain output;

Py grain prices;

P, prices ol non-grain farm produce;

PP, the ratio of prices of grain and non-grain crops;

Py market grain prices:

% prices of purchased farm inputs;

W: weather factors; and

TT: time trend, representing technological progress.

* Poliey factor can often be an important detertninant affecting grain production in countries tike China,
Theré were no deasie policy shifts during the time period covered in this study (1987-93), Hence, there was
1o need to inelude this factor in the model.

3
.
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{1y Rauno of procurement prices of grain and competing crops. Ceteris paribus, the
higher the relative price of grain crops, the more profitable it will be to produee  them.
Thus the mgher the price, the greater will be the quantity of grain supplied.

Considering the speeial situation - the Chinese grain economy, the government
procurement prices are also included in the analysis. This is beeause the majority of the
surplos grain of most Clunese farmers is sold to the govermment under the quota regime
(Zhou 1992). In most cases, the level of the procurement price is wiore important in
determining the level of farmers’ income from grain. Without the inclusion of the
procurement price variable, many variations in the grain output may not be explained.
Admittedly, there could be a relationship between the government procurement price and
the” market price; v.g.. a high market price may lead 1o an increase in the announced
government procurement price. This problem should have been alleviated to a Jarge extent
as the procurement price s not included 1w the maodel tself but is used to construet the
price ratic m comunetion with the cash crop procurement price. Government grain
procurement price index and cash crops procuremett price mdex were used 1o construct
the price index ratio. ‘

As procurement prices are normally announced before each sowing season, it allows a
certain amount of time for farmers to respond. Therefore, no time lag was used, A positive
sign is expected for this price index rauo variable,

(2) Market grain price. Although grain has been allowed to be taded on the free
market since 1979, only m reeent years have daa on free market prices become widely
available, notably since 1985 when substantial changes were made to the agricultural
products marketing arrangements. This makes it possible to inelude the market price as a
variable in the supply response estimation. Market grain price index was used in this
study.

Free market prices become known to the producers only when they bring their
products to the market for sale. These prices therefore have little effect on the production
of the products that are offered for sale at the time by the farmers but they influence the
production in the coming cropping season. Therefore a one-year time lag is used. The
higher the market price, the greater will be the incentives to encourage the production of
more grain. A positive sign is expected for the free market price variable.

(3) Input prices. Changes in input prices cause changes in the production costs and,
ceteris paribus, will influence farm income., Farmers may use less inputs when their prices
rise and output will full. Hence, a negative sign is expected for this variable. The data
used were the price index of agricultural inputs. No time lag was medarcd pecessary as
farmers can decide whether or not to buy the inputs within a short time.




S

(4) Weather conditions. In China, the statistics frequently used to indicate weather
conditions are the sown areas affected by nawal disasters, which refer to fload, drought,
winter damage. damage caused by frost, wind, hail, and so on. Twe relevant indicators are
“areas affected by natural disasters” and "arcas dumaged by natural disasters”. The laiter is
a part of the forwer and inclodes arens i which the crop yield is 30% or more less than
the norm. An index can be consyructed by using cither of the two "areas” against total
sown area @ year to reflect weather condwions. Using “arens affected by natural
disasters” is more approprinte because it better reflecs the averall impact of natral
disasters in a year so this was used to coustruct the weather index. The higher the index,
the more severe the natural disasters. Thus, a negative sign is expected for the weather
index.

{5) Technological progress. Lipsey (1975, p. S8 claams, "The enomous increase in
production per worker that has been going on m industrial socteties for about 200 years is
very largely due to improved methods of production”. The enonnous contribution from
progress in farming technology to agneultural grawth m the past decades s also evident
even m developing countries such as China. Hence, although the price factor is considered
important, “we do pot mean to unply that price 15 guantitatvely (the underline added by
the authors) the most important deterninant of supply. Over any long period technology is
probably the most important determinant’ (Lipsey 1975, p. 89). A time variable was used
as a proxy for technelogical progress. A positive sign 15 expeeted for this variable.

Because panel data are used, covering a number of provinces over the 1987-93 period,

a generalised linear regression model nwst be adopted. In this study, the cross-sectionally
heteroskedastic and timewise autoregressive model was used (Kmenta 1986, pp. 618-22),
In general, the regression equation for panel data is written as:

(2) Y= BiNgy + BeXop + o+ BrXux + 1y
=12, Not=L4 . [T

That is, the sample data are fepresented by observations on N eross-sectional units
over T periods of time. There are altpgether n = N x T observations (Kmenta 1986, pp.
616-18).

Hence, the regression equation for this analysis, based on the functional relationship in
(1) and the aboye diseussion, can he written as:

(3) GO, = ByPlgrain/Pleashy, + §,MPlgrain,,,, + B;Plinputys + B,Wi, +{
(i = l ’2, LAL IR N: t : !izi w9 T);
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where:

GO graan output;

Plgram: procurement price indes of grain;

Pleash: procurement price index of cash crops:

Plgramn/Pleash: the procurement price index ratio of grain over cash erops;

MPlgram: market gram pnee mdex;

Phnput: price index of agricultual mputs;

W1 weather index; and

TT. time trend, representing technological progress.

3 DATA COLLECTION AND COMPILATION

The relevant price mdexes (re, gram procurement price indes, cash crops procurement
price ndex, market gram price mndex. and agricultaral mput price index) were obtained
from SSB, Chmna Price Statisties Yearbook (19881994} This yesrbook was notl published
in 1993 and hence e needed daa for 1992 was obtamed from Bditmg Committee of
China  Commerce Yearbook, China Commerce Yearbook 1993 All the price indexes
ongmally ook the previous year as the base year They were reconstructed taking 1987 as
the base year.

Giraun output, total area sown and tofal area affected by natural disasters were obtained
from MAPRC, Clhima Agricultral Statistees (1987-1993).

To perform the pooled cross-sectional and time-series  estimation, the duta were
arranged to conform to the Kmenta model (Kmenta 1986, pp. 616-22). That is, the data
were arringed so that

(1y  all observations of a particular cross-sectional unit are grouped together in
year order. A cross-sectional unit in this case is a provinee;

{2y a complete tme-series for the first (cross-sectional unit) group is followed
by a time-series for the second (eross-sectional unit) group, and so on; and

{3)  each cross-sectional unit has the same number of pbservations in the time
serfes.

Those cross-sectional units or provinces with missing values were deleted from the
pooled cross-sectional and time-series data. They are Beijing, Tianjin, Shanghai, Tibet,
Qinghai, and Hainan, none of which is & major grain-producing arca. The sum of their
grain output acvounts only for about 2.5% of national output. Since a one-year time lag
was required for the variable MPIgrain, all the data for 1987 became uscless except the
free market grain price index that was lagged to 1988, As a result, there were 24 eross-
seetional units (NY and 6 periods of time (1), The total number of observations was 144,




An nutive observation of the compiled data provided the following insights.
{1y Gram proeurcrient price mdex, taking 1987 as the base year, was inereasing
m genernl over the years under invest

anon, However, this mere
not smooth at all. In most cases. there was an merease over the previous
year but a decrease m the next, sometimes substantially.

2y Cash crop procurement price index mereased steadily m most cases.

e Given (1 and (2) e the abave, the mdex mvos of the two procurement
prices. showed many ups and downs Among all the 144 ratios, 78 were
below WO (54% 1 The lowest rutio was 73,2

4 Market grinn prive idex showed many aps and downs, often abruptly.

151 doput price mdes mereased most steachly and fasier than any other index
SCFICS 1 IS Cases

(0 As would be oexpected, the weather sndex "arens affected by natural
chsasters”™ agionst "total sown area” 1 vaned frequently over years. A higher
weather mdex s often associted with a lower gram output,

The abeve seems to suggest that, besides the varving unpact of weather conditions on
gram ontput, varymg mdes ratios of g and cash crop procurement poces and market
gram prices would abso vontnbute o Huctsations m gram output should Chinese farmers
be responsive to price chunges at all On the other band, mpuot prices would have had o
consstent negative impact on grinn prodmctom.

4. RESULTS AND DISCUSSION
Applymyg the “pool” command of Shazmm to the pooled data, the following was obtained:

4y GO = 1630 + 2 53Plgram/Pleash + 192MPlgram - 5.70PImput - 4.55W1 4 1027TT
(.05 2297 (3.5H™ (341 560 (4805

Buse Raw-Moment R-Sgnare = 0.944
F= 15075
R-Square between observed and predieted = 0.909

The results show that there are strong relationships between grain output and the
independent variables wnder investigation. The relntionships are all statistically significant
at the 1% level exeept Tor Plgrain/Pleash being 5%.

Accarding to the model (43, given that other variables remain vunchanged, at the
provineinl Jovel, the increase by one percent in the watio of procurément price index ‘Qi’




%
grain over that of cash erops would inerease grain output by abous 25 thousand tonnes.
For every one percent inerease t the market grain prive index, there would be an increase
in gram output of about 19 thousand tonnes, The increase by one percent in the input price
mdex however, would decrense grain supply by about 57 thousand tonnes.

Technologieal progress contributes to the incresse in grain output importantly. The
valie of the coefficient on the time trend variable shows that about one extra million
tonnes of gram s produced annually due to continuing improvepients in lct:al‘momgy,

Weather conditions are found to be a very important factor affecting grain output,
Aceording to the model (43, with every one percent inerease in the weather index, there
would be a decrease w gram output of some 46 thousand tonnes at the provincial level,
The extent to winch other varables w the maodel may change in each year is relatively
small. That s, the price mdeses change slowly over pme. Therefore, the contribution to
gram output brought by changes in them would be within a small range. The contribution
of technological progress 1 almost a constant because every year the value of the variable
TT increases by | However, there 1s little certmnty about the weather. The change in Wi
aver a year can be drastic. For example, according to the data used in this study, the range
over which the W1 may change can be from 6% to 28% (in Xinjiang) or 12% to 72% (in
Jilin). The impact of changes over such a range on grain output will be very significant.
Therefore, weather conditions affect grain production imiportandy in China.

5. CONCLUSIONS AND IMPLICATIONS

According to the econometric analysis, farmers in China seem to be responsive to price
changes. Prices received by farmers (both procurement and market grain prices and non-
grain crop prices) and prices paid by farmers (inputs) are all major factors influencing
grain supply in China, Weather conditions and technological progress are found to be very
important determinants of grain production in China.

Based on the findings of this rescarch, some policy implications can be drawn, given
that greater grain production is a major poliey objective.

Fariners in China care about the price ratios between grain and non-grain erops and
adjust their behaviour accordingly. Given this, the Chinese government should adopt
various policy measures to balance returns from grain and non-grain business, The returns
should also be kept balanced over time (without abrupt ups and downs as in the past
several years) or slightly in favour of grain production.

The above, however, should be based on the prerequisite that farmers can gain a
normal rate of return from grain preduction. To ensure a normal rate of return to grain
producers, attention should be given to the following two aspects. (1) Grain ;p‘r.ocufrqmént

e
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prices in real terms should not be allowed to be fower than their previous year’s fevel and
shauld he mamtamed at economie levels, (2} An effeetive minimum support price policy
<hould be mplemented to proteet fanmers' interest when o precipitous price fall takes
place, such as w1990 and 1991, This removes market uncertainty and enables farmers to
pursue their production efforts with the assuranee that a temporary ghut in the market
cased by either supply or demand factors will not be allowed to depress their ingomes
unduly.

Input prices have mcreased exceptionally quickly m China over the past several years,
The sigmticant vegative relationship between graim owtput and input price identified
suggests that mpuat price level must be kept under control to prevent farmers’ returns from
being taken away.

As weather conditions are a very important determinant of grain production, it is
especially mmportant that a reasonable amount of mvestment i agriculture be maintained
by the government. Large-scale agneulral capital construetion, spch as iprigation
mfrastructure, can only be carried out with the support of government mvestiment. They
can inerease the gran sector’s resistance o weather-related disasters, thus redueing the
effect of weather disturbwce on production. Such investment should be carried oul
smoothly and steadily. While a sharp merease in investment may not produce immediate
results, a sharp decrease may quickly reduce the efficacy of previous investnents.

Given that technological progress contributes significantly to grain production, funds
should be allocated from govermment sources to ensure vegular on-going agricultural
rescarch, extension and cducation activaties, In the longer termy, technological progress is
most likely to be the most determining contributor to the increase in the country's grain
output. Hence extra attention to ensure continuous technological progress is needed and
the country will be certainly rewarded by doing this, Due to very limited arable land,
efforts should be made to the development of such new techniques as yield-inereasing
farming methods and land-augmenting measures.
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