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Yearly Grain Output Predictions
in China 1980 — 2004"

Xikang Chen, Ju-e Guo, Cuihong Yang®

Abstract; China has a population of 1. 3 billion and grain accordingly plays a
crucial role in the Chinese economy. In this paper we suggest predicting grain
output mainly by factor inputs and asset holding, and present a Systematic
Integrated Prediction Approach (SIPA). The key elements of SIPA are an
extended input-output model with assets, nonlinear variable coefficient
forecasting equations, and using the minimum sum of the absolute values. Since
1980 we have used the approach to predict the yearly national grain output of
China. The prediction lead time is more than half a year. The bumper, average,
and poor harvests are accurately predicted every year. The average error rate over
the period 1980 — 2004 is 1. 9%.

Key Words: grain output prediction; Systematic Integrated Prediction Approach

(SIPA); extended input-output model with assets; nonlinear forecasting

1 Introduction

China has a population of 1. 3 billion and grain therefore has a crucially important
status in the Chinese economy. At the end of 1970s, the Chinese government requested the
Chinese Academy of Sciences to forecast national grain output. They set forth two
preliminary demands. First, the lead time of prediction should be half a year prior to the
harvest season so as to arrange grain consumption, storage, import and export as early as
possible. Second, a high accuracy of prediction, in the sense that the error rate should be
lower than 3%.

Worldwide, three main approaches to predicting cereal output may be distinguished.
First, the meteorological approach uses statistical methods to predict cereal yield. In its

forecasting equations, the main variables are temperature, sunshine, precipitation, and so

@  Economic Systems Research , 2008, Vol. 20, No. 2, pp. 139 —150.
@ Xikang Chen and Cuihong Yang, Academy of Mathematics and Systems Science, Chinese Academy of Sciences,
Beijing, People’s Republic of China; Ju-e Guo, Management School of Xi’an Jiaotong University, Xi’an, People’s Republic

of China.
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on. The theoretical assumption of the approach is that the fluctuation of grain output is
mainly caused by meteorological factors. For example, Thompson (1969) issued a
forecasting model for winter wheat yield in Kansas, USA, in which meteorological factors
are the precipitation and the temperature in April, May, June and July.

Second, the statistical dynamic simulation approach studies the relationships between
grain yield and effects of environmental factors such as temperature, sunshine and the
concentration of CO, on crop photosynthesis, transpiration, respiration, solid material and
seed formation. For example Wang (1995) and Wang et al. (1997) studied the effects of
CO, density on grain yield, finding that doubling the CO, density increases the yield of
Chinese winter wheat, corn, soybean and cotton by 28.3%, 22.9%, 67.1% and 27.0%,
respectively. In addition this approach uses meteorological factors. Note, however, that it
is almost impossible to obtain meteorological data for a large area over time. Therefore,
this approach is difficult to use in practice and is still in its experimental stage. The third
approach uses remote sensing. Because different crops are characterized by a different
spectrum, it is possible to forecast cereal output using the reflected and radiant electrical
and magnetic waves of ground objectives gathered by satellite sensors.

These three approaches normally have a 5 — 10% error rate compared with reported
output and a two-month prediction lead time. For example, Williams et al. (1975) adopted
the meteorological approach for predicting Canadian prairie crop district cereal yields at the
end of June, two months prior to harvest, with an error rate of 8. 8%, 4.7%, and 5.4 %
for wheat, oats, and barley, respectively. Hayes and Decker (1996) used the Vegetation
Condition Index derived from NOAA/AVHRR (National Oceanographic and Atmospheric
Administration/Advanced Very High Resolution Radiometer) satellite data since 1982 to
estimate maize production in the corn belt of the USA. The forecasting results from 1985
to 1992 had a lead time of about two months and a 4. 9% average error rate over the cight
years. The error rate was lower than 5% for four years, between 5% and 10% for three
years, and higher than 10% for one year. Since 1989, the Institute of Applied Remote
Sensing of the Joint Research Center of the European Union has issued the Pilot Project for the
Application of Remote Sensing to Agricultural Statistics. Quarmby et al. (1992, 1993) estimated
crop areas in North Greece and arrived at an accuracy rate of 90%, when predictions were
compared with realizations from official output reports. It is evident from these results that the
three approaches above would not meet the two requirements of the Chinese government (i. e. a

six-month prediction lead time and an error rate smaller than 3%).

2 The Systematic Integrated Prediction Approach

The approaches above predict grain output mainly from meteorological factors. Up to

the present, it has been extremely difficult to predict the weather — temperature,
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sunshine, rainfall, and so on — two to three months ahead. In the late 1970s, we
suggested predicting grain output mainly from factor inputs and asset holdings, and
presented a systematic integrated prediction approach. This approach combined an
extended input-output model with assets (see Chen, 1990; Chen et al. , 2005), nonlinear
variable coefficient forecasting equations, and the minimum sum of absolute value
technique as its key methods (Chen et al. , 2001).

Our theoretical assumptions were as follows. Agricultural production typically is a
complex system with a multi-level structure. There are complex interrelations among its
subsystems and between the system and the external environment. The characteristics of
the system are nonlinear, stochastic, and dynamic.

Grain output is affected by different types of factors: (1) social, economic and production
technology factors, such as agricultural policies, education level of peasants, prices, fertilizers,
improved seed varieties, irrigation, machinery; (2) natural factors, such as meteorological and
non-meteorological factors; and (3) other factors. Only when we consider all these factors we can
effectively increase the prediction accuracy of grain output.

The first set of factors (i. e. social, economic and production technology factors) plays
a critical role in increasing grain output. For example, the grain output of China in 1952
was 163. 9 million tons; in 1998 it was 512. 3 million tons, which is 312% when compared
with the 1952 output. Over these 46 years, the changes in China’s meteorological
circumstances were much less spectacular. Therefore, the increase in grain output is more
likely to have been caused mainly by changes in social, economic, and production
technology factors. These factors not only determine the long-term trend of grain
production but are also a major cause of yearly fluctuations in grain production. There have
been two abrupt changes in grain output since 1949: a drastic decline from 1959 to 1961,
and a sharp increase from 1981 to 1984, both of which were mainly caused by social,
political, and economic factors. The systematic integrated prediction approach that we

proposed is based on a synthetic method and multi-equation forecasting model.

2.1 Using the Extended Input-Output Model with Assets in Yearly Grain
Output Prediction

2.1.1 Constructing the Input-Output Model with Assets for Chinese Agriculture

Under the support of the former Rural Development Research Center of the State Council of
China, the Chinese Academy of Sciences and the National Natural Science Foundation of China,
the Institute of Systems Science constructed an extended input-output table with assets for
agriculture for 1982 (Chen et al. , 1991), 1984, 1987 (Chen et al. , 1992), 1992, and 1997. To
predict the output of grain, cotton, and oil-bearing crops in other years, some updating
calculations were done on the basis of the existing extended input-output tables.

The 1997 extended input-output table with assets for agriculture was constructed on
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the basis of the 1997 national input-output table, published by the National Bureau of
Statistics of China (NBS). Next to augmenting the table with assets, the agriculture
industry was split. For the purpose of grain output predictions, the agriculture industry in
our extended input-output table with assets was divided into the following 12 sectors: rice;
wheat; corn; other grain; oil-bearing crops; cotton; vegetables; other farm crops;
forestry; livestock and livestock products; fishery; and other agriculture. In China, the
term “grain” is the sum of rice, wheat, corn and other grain. Some sectors, including
grain, cotton, and oil-bearing crops., and some important agricultural inputs, such as
fertilizer and electricity, are measured not only in value units, but also in physical units.
There are eight items in the asset part: sown area, cultivated land, irrigated area, labor,
agricultural fixed assets, total power of agricultural machinery, large and medium tractors.,
and mini-tractors. The assets part for agriculture in the 1997 extended input-output table
with assets is shown in Table 1.

Land and water play a very important role in grain production. For some reasons, the
figures as published by NBS for cultivated land before 1996, were underestimates and
cannot be used in our calculation. To date, we only have reliable figures on cultivated land
for 1996 and 2001, published by NBS on the basis of the remote sensing approach. In our
grain output prediction, the sown area of crops is a very important indicator. Grain output
is a function of the sown area of grain and grain yield. Therefore, if we had not taken into
consideration this asset, our predictions would necessarily been way off the mark. The
main cause of the sudden decline in grain output from 1999 to 2003 is the sharp drop in the
sown area of grain (see Table 2).

In Table 2, we see that from 1998 to 2003 grain output in China dropped very quickly,
by 15.9%, from 512. 3 million tons to 430. 7 million tons. The sown areas of grain fell by
12. 8% in the same period, from 113. 79 million hectares to 99. 41 million hectares, while
grain yield only decreased by 3.8%. Thus, the sharp drop in Chinese grain output from
1998 to 2003 was caused mainly by the decline in sown area.

2.1.2 Using the Extended Input-Output Model with Assets for Predictions

Using the data in the asset part of our extended input-output table, we can calculate
many important indicators. Examples are: consumption of chemical fertilizer and electricity
per mu (1 hectare is equal to 15 mu) of sown area; fixed assets per mu of sown area; the
ratio of irrigated to cultivated area; labor per mu; total power of agricultural machinery per
mu; tractors per mu; the ratio of areas hit by natural disasters to total sown areas; and the
ratio of total areas affected by natural disasters (which include flood, drought, wind, hail

and frost, etc.) to total areas hit by natural disasters®. These indicators are very

@D In areas affected by natural disasters, the actual output of crops reduces by more than 10% due to the disaster,
when compared with a normal year. Areas hit by natural disasters are a subset of the areas affected by natural disasters

and their actual crops’ output reduces by more than 30% when compared with a normal year.

— BB BRI W7



*BUIYD) UI S9IUN0D (O] Ul SP[OYasnoy [ednt ()0 09 JO SASAINS WOIJ Pa1da[[0d I8 BIBP 3S9Y ], ‘SISYI0 PUB S}IJPUS( ¢SaxXe) ‘Uone3ILIl
JO 1500 ¢smo[d JO 1500 ¢I0qe] ¢1S00 UONEIAIdop $19ss. paxI] uo eiep ‘ojdwexa 10y ¢sdoid 1ofew Aq Baie umos jo nw 1od saIn3ij juriiodwl AUBW SUIRIUOD 90INOS 1911B] 9Y ], 910N
*(8661) ‘& 19 uoisstuwo) Sutuue| pue juswdo[PAs(] [BUONBN ¢ (46661 ‘B6661 ‘S661) SOISNRIS JO neaing [BUOHEBN] S90IN0S

(syun
68y 01 rans 194 12¢ LSV €99 6 681 99¢ 6L¢ 88¢ 759 8 €9 796 T LELE € e 000 T) sTopen-Tury
(syun (Q 1) S101081)
17689 078 6T Gl 1706 0°6€9 1721 69T €81 68T L "898 7L ['6Ic  9°6% 1°eg wnpaw pue 53127
(AN} voyu) Apurge
gy gt A 1726 L'9¢ 6502 6°¢ 6'g 6°S 19 7781 7ET 8Ty 9°6. ¢ 6y eaynouse jo smod [eior,
(IR Uot[Iq) syosse
922l 882 6 76 7161 0°62 G78LE 2'8¢ G 06 921 681 L '822 6’6 g6y ¢'LL 826 paxif  [enjnotise [eo,
(suosiad
7 8¥¢ i At €6 AN 0°TT 667 7el 071 17801 ¢St 892 092 oy uol[jitr) 9010 10qe ]
6€C 19 6€C 19 LELT S g€e e 0€8¢ 600 G€ 610 ¥ 902 S 0200 252 ¢l (B4 000 1) vaIe patesiu]
(¥4 000 T) pue]
89S 6¢1 89C 6l 98¢l 0.8 1 8E9 € SO8TIT  698¢€6  G¥EPe  0801¢c  G8EGZ 650 €2 poreAl[nY JO Baly
(89000 T)
696 €41 696 €ST  L68¢l 88211 16y ¥ 18E2l  ¢le¢ll  SIE€Lle  SGLL€c  LSOO0E  C9LIE oI UMOS [BI0],

2107, amyouse  Amyst]  synpoid Ansaio]  [RI01 sdor  saqqeiaga  uono) sdoro  [eioiqng  ureid w10y 1B M EAIN

Hqu &uoumw\,: A_:w Eb& wcﬁmom METC
pue RO 10O
JO03SaAI] sdoxd ureir) SwR}|

uoneanno QOMQ

BUIY) JO 3[qe) OI PIPUAXd LG6T ) Ul dany[noriSe Joy yred Suipjoy 19ssy T dqe],

8 M EAS I 5 L S



BUIY) JO 2IM[NOLISY
JO ADSII 9y} woIy 9Iv saandyy ¢00Z YL (€002 ‘Z00Z ‘T00Z ‘0007 *666T) BUY) JO neaing [eONSHERIS [RUOHEN JO WED] A9AING OIWOUODY PUB [BIDOG [BINY :S90IN0S

€eeey 029 "0V 056 V1 V56 LT TTT S 066 V1 L€8 92 890 ¥¢ L66 1¢ 806 9¢ 0TV 66 STV ¢ST €002
V66E T 850 "LSY ary vl €se LT 8L ¥ 99L 71 LVT L2 €9 ¥¢ 806 €2 602 8¢ 168 €01 9€9 7S1 ¢00¢
6992 ¥ LE9 "CSY 8L €T 0¥ 91 018 ¥ 169 71 4e6 8¢ 8¢ V¢ 799 ¥¢ ¢18 82 080 90T 80, ST 1002
¢'19e v SLT 29¥ 6ST €T LET ST 170 v 007 ST G661 8¢ 960 €2 €59 92 496 62 €97 801 00€ 9ST1 0002
9267V 98¢ "80¢ €eC 2l LVEET 9¢L € 906 €T 8T1 L2 706 2 648 8¢ ¥8¢ 1€ 19T €TT €L€ 9ST 6661
AAUSHY 662 ¢S 8V¢ ¢l €6¢ ¢l 65V ¥ 616 ¢1 09¢ 2¢ 6€¢ G¢ VL. 62 V1e 1€ L8L ETL 902 SST 8661
(ey/3Y) (suoy sdoid so[qeiedo A Uu010)) sdoi1d sdoio uIo)) 1BOY M SR sdoid 2 000 D)
Sp[RIL
Sppot uoIyIu ) wre] Surreaq urerd urerr) sdom
ureIr) mndinQ Py TO PO wrej ur
ureir) oo X
oIy Jo UMOS
yoryM Jo el

€007 - 8661 ‘vury) ur spRIA ureis pue ‘ndno ureisd ‘sdoud uLey Jo BAIR UMOS [B10], T d[qBL

— BB RS AR ORI R W9



important variables in the nonlinear forecasting equations.

In particular, we use the extended input-output table with assets to calculate the total
income per mu of sown area for grain and other important farm crops (see Table 3), net
income per workday, and the profit rate of capital. Since 1981, China’s grain output
variation has had a close relationship with the variation of net income for grain. Net income
of each crop equals the difference between the gross output value and the sum of all costs,
which include all intermediate inputs, depreciation of fixed assets, taxes, and other costs
of the crop. Because the net income status of grain directly influences the quantities of
factor inputs and asset holding in grain production, the net income of the previous year has
a significant linear correlation with the grain output of the current year.

Table 3 Net income (in RMB) per mu of sown area for grain crops,
oil-bearing crops, and cotton, 1998 - 2003

Grain Oil-bearing crops

Rice Wheat Corn Peanuts Rapeseed Cotton

1998 347.77 122.51 245. 41 328.72 117. 39 581.22

1999 260. 50 110. 64 157.62 274. 66 95. 84 292. 65

2000 228. 62 68. 85 140. 29 268. 54 87.10 547.18

2001 263.75 95. 46 216.08 244, 66 103. 08 402. 97

2002 264.49 93. 40 204. 38 341.93 103.76 609. 69

2003 301.77 117.25 235. 67 358. 20 172. 50 844, 06

2004 (projection) 369.57 192. 35 271.07 371.70 232.20 597. 06

Sources: Department of Price, National Development and Reform Commission (2002, 2003, &. 2004); National
Development and Planning Commission et al. (1998, 1999, 2000, 2001). The 2004 figures are estimated by authors on
the basis of surveys in 13 provinces.

According to our calculation and forecasting, the net income of grain in 2004 will rise quickly
and once again to a higher level than 1998. At the end of April, 2004, we predicted — using the
systematic integrated prediction approach — and reported to the government that China would
have a nice harvest in 2004. The grain output forecast for 2004 was 462 million tons, an increase
of 7. 3% with respect to 2003 (when the grain output was 430. 7 million tons). According to the
NBS (National Bureau of Statistics, 2005), the realized grain output in 2004 was 469. 5 million
tons, so our forecasting error rate in 2004 was 1. 6%.

Using the extended input-output model with assets, we can precisely calculate the
total consumption coefficients of electricity, oil, and chemical fertilizer by grain crops. It
should be stressed that our results are higher than the results calculated in the traditional
framework. For example, the direct input of electricity for wheat was 68. 1 kilowatts per
ton of wheat production. The direct consumption coefficients for electricity are given by

the “electricity row” of the input coefficients matrix A. That is, e',., =8 ,., A, where

dectr
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&', is a unit row vector with a 1 for the electricity sector and zeros elsewhere. The total
electricity consumption coefficients measure the input of electricity that is used directly and

indirectly per unit of final demand (of wheat, for example). They are given by
€ =98, [A—A) "—1]=8,, Ad—A) "=e,,, A=A '

For example, the total consumption of electricity for wheat was 235. 4 kilowatts per ton.
Chen et al. (2005) provides a detailed discussion of the input-output model that is extended
with assets. Using their formula e',,, =e',,.,(I—A—aD) ' yields 268. 6 kilowatts per ton
for the total consumption of electricity for wheat of. Here, @ is the diagonal matrix with
depreciation rates of fixed assets and D is the matrix of direct holding coefficients of fixed

assets. Similar vectors of consumption coefficients are calculated for other inputs.

2.2 A Nonlinear Forecasting Equation with Diminishing Returns

In fact, functional relationships between input and output, and between assets and
output, are usually nonlinear. For example, the effect of fertilizer on grain yield follows

the law of diminishing returns. Fig. 1

shows that marginal product and [J Marginal product [ Average product |
average product per kg of chemical 10i
fertilizer ~ sharply  decreases  with 85-
increased consumption of chemical ’E
fertilizer per mu. To improve the ED 6;* -
forecasting accuracy, it is therefore 2
. . g2 47
necessary to construct nonlinear forecasting £ ]
5 ]
equations. G 51
Using econometric techniques, we ]
have so far established 20 alternative 04 ' ' L I LA BN
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forecasting equations on grain output Consumption of chemical fertilizer per mu of sown area
(kg /mu)

and grain yield with a high degree of
Fig. 1  Marginal product and average product

accuracy. In these forecasting equations, per kg of chemical fertilizer in China

either grain yield or grain output is the

dependent variable. Every year, the forecasting performance of all equations is checked on
the basis of the actual grain output or yield of the preceding year. The equations that
exhibit very large errors are taken out and the average forecast of the remaining equations
(with the same dependent variable) is used as the final prediction result.

The explanatory variables of these equations include some of the following variables:
total area of cultivated land; total sown area of farm crops; total sown area of grain crops;
the grain price; the price of other farm crops; the price of fertilizers; net income of grain

crops per mu; net income of other farm crops per mu; the ratio of areas hit by natural

— . BRB AR AR RO W11



