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ABSTRACT

Pctcrson,E.W.F。 ,Lan Jin and lto,S,1991.An cconomctric analysis of ricc consumption in
thc Peoplc's Rcpublic of China.ノ 4gガε Ecο 77.,6:67-78.

Ricc is the most important staplc food in thc Pcoplc's Rcpublic of China(PRC).In many

Asian countrics ricc appcars to havc bccomc an infcrior good, 、vith incomc increascs
lcading tO dcclincs in pcr capita consumption as othcr food products arc substitutcd for

ricc. In this study, human ricc consumption is analyzcd with a modcl that ano、 vs incomc
clasticitics to vary with income lcvcls.An additional cquation accounting for ricc disappcar―

ancc as sccd,1市 cstock fccd,industrial uscs and cxpOrts is also cstilnatcd.Thc rcsults of thc

analysis indicatc that ricc has bccomc an infcrior good in China and pcr capita consumption

is likcly to dcclinc in thc futurc.Population growth and thc gro、 ving usc Of ricc for Othcr

purposcs mcans that total ricc disappcarancc will continuc to incrcasc although at a ratc

that is slower than has historically bccn the casc.Thc predictcd changcs in ricc consumption

win crcatc prcssurcs to attust prOduction and tradc pattcrns for ricc as wcll as othcr

agricultural products

INTRODUCT10N

Alrnost 80% of the rice produced and consumed in the world is ac¨
counted for by six Asian nations,including the Pcople's Republic of China

(PRC),India,Indonesia,Bangladesh,Vietnam and Japan(Ito,1988)。 Of
these countries,the PRC is by far the largcst produccr and consumer of

rice. From 1986 to 1989, averagc annual ricc production in the PRC was

about 120 MMT *(throughout this paper,figures cited for rice consumption

or production arc on a millcd basis)compared with about 63 MMT for the

*MMT,miniOn mctric tonnc=106t=109 kg.
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TABLE l

Avcragc annual rice production and tradc(1986-1989)for sclcctcd countries

Country Production,P(MMT) Nct

[%of World Total] Exports,χ
(MMT)

Nct
lmports ν

(MMT)

100コ イヽ

P
(%)

叫
一Ｐ∽PRC
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Burma
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EC-12
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119.7[37.4]

12.9 [4.0]

7.4 12.3]
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World tota1  320 4

Total wheat 508 4

Total rnaizc  450.5

13.1

94.5

58.1

4.1

18.6

12.9

Sourcc:USDA,1990

same period in lndia,the second largest producer(USDA,1990).Ⅳ Iost of
the rice produced in the PRC is consumed by houscholds as a staple food.

In rcccnt ycars, the use of rice for livestock feed has increased. In 1986,

ricc fcd to livestock lnadc up about 17%of total disappearance compared

with about 139ら in the Ⅱlid 1960's.Human consumption accounts for about

79% of total disappearance with the remainder made up of seed, and
cxports(USDA,1986).
Reccnt inforination on thc international rice market is prescnted in

Tablc l.The figures for production,exports and imports are averages for

thc 4¨ ycar pcriod 1986 to 1989。 「Fhe figures in the table illustrate two

striking fcaturcs of the world rice market.First,only about 4%of total rice

production is traded compared with over 18% of total wheat production

and almost 13%of llllaize production.Four countries(PRC,Thailand,
Pakistan and the U.S.)account for inore than two― thirds of total rice tradc

and in three(Thailand,Pakistan and the U.S.), a large share(31.395 to

56.8%)of national production is cxportcd. Thc sccond fCaturc shown by

the figures in Table l is the iinportance of thc PRC in world rice
production.Because exports account for less than one percent of produc―

tion and the PRC holds virtually no stocks, internal rice utilization is

⌒
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approxilnatcly equal to production with both amounting to about 37%of

the corresponding world totals.(〕 learly,relatively small changes in produc―

tion or consumption in the PRC could have an ilnportant effect on the

world markct.For example,a19ろ fall in internal utilization coupled with a

l%increase in production could add llllore than 2 MMT of rice(InOre than

15%of current exports)to thc prescnt levcl of Chinese exports.A change

of this magnitude would have irnportant repercussions for producers in

such exporting nations as Thailand or the United States.

The purposc of this study is to exanline the likely evolution of rice

consumption in the PRC. Total rice disappearance can be divided into
human consumption and consumption for other purposes including live―

stock feed, seed, industrial uses and exports. Although human rice con―

sumption accounts for inost of thc total disappearance,the amount of rice

consumcd for other purposes is substantial and has been growing in recent

ycars,Conscquently,it is necessary to account for both of these elements in

assessing the likcly cvolution of rice consumption in the PRC.In the ncxt

section,llllodcls of pcr capita human rice consumption and consumption of

rice for othcr purposcs are described and estilnated. These models arc

then vsed to proicCt ChinOsc riCe consumption to the year 2000. In thc

concluding scction, the results of thc analysis and their implications for

world trade in rice are suΠ llnarized.

RICE CONSUMPTION IN THE PRC

In a study of rice consumption in 14 Asian countries, Ito et al.(1989)

found that incomc clasticitics of demand have declined in recent years in

many of these countries and, in sevcral, have become negative。 「Fhcir

rcsults for the PRC indicate that rice is still a norlnal good although the

incomc clasticity of demand appears to have declined in recent years.

C)ther analysts havc pointcd to apparcnt changes in Chinese food consump―

tion patterns(Sicular,1985;Crook,1987;Tuan,1987).As in most Asian
countrics,ricc consumption in the PRC is quite high compared with othcr

regions of thc world, and it is likely that most Chinese households will

a1locatc any additional income earned to foods other than rice, notably

meat and dairy products.

If the income elasticity of demand for rice in the PRC has becomc
ncgativc, it is likely that pcr capita rice consumption will dcclinc in the

future as incomes continuc to grow.China has expericnced rapid econornic

growth sincc ccononlic rcforms wcrc initiated in thc latc 1970's.Thc World

Bank has proicctcd avcrage annual growth in per capita income of between

3.5%and 5.59ろ over the next 10-15 years(World Bank,1985).Increases of

this nature coupled with negative income elasticities mean significant
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declines in per capita rice consumption. Whether these declines lcad to

large exportable surpluscs of ricc depends on thc way in which rice
production and total population evolve. If population growth is high

enough, the fall in pcr capita consumption may bc offset and total ricc

consumption may aCtually incrcase.In addition,adiuStinents in production

or increased use of ricc as liVestock fecd could reduce the amounts
available for export.

To account for these various influences on rice disappearance, it is

useful to estilnatc separate cquations for human consumption and for rice

used for other purposes. In addition,human rice consumption should be

estilnated on a per capita basis to allow an assessment of the potentially

conflicting effects of population and income growth.Finally,on thc basis of

previous results,it is important to model human demand in a lnanner that

allows the income elasticities to vary with the level of income. rrhc

log― inverse-log lnodcl used by lto et al。 (1989)is an appropriate representa―

tion of the rclationships to bc analyzed:

χ =exp(α 一by~1)y―
C                          (1)

where χ is per capita consumption,y is real per capita income,ano α,b
and c arc coefficients to be estiinated.This can also bc written as;

log χ=α ―by-1-ε log y                   (2)

The first der市 at市e of iχ with respect to y is(b/y2_ε /y)χ・ThiS

der市 at市e is posit市 e if b/y is larger than c and ncgat市 e if b/y iS Smaller

than c.The income elasticity of demand derived from equations(1)or(2)

lS:

N=b/y一 C

As required for this study, this income elasticity varies with thc level of

income and becomes negative when incomcs increase to the point where
the expression b/y iS less than c. Ito et al.(1989)used CrOss― section,

tilnc¨ series analysis to cstilnatc income elasticities of demand for the PRC

and 13 other Asian countries. Their results indicated that thc income

elasticity of demand in the PRC declined frorn O.42 in 1961 to O.13 in 1984.

In this study, tiFnC¨ Series data are uscd to analyze the relationship and

different price variables from the ones used by lto et al。 (1989)are

included. In addition, human consumption is uscd as thc dependent
variable rather than total disappearance as in the study by lto et al.(1989).

Aside from human consumption,the principal use of rice is for livestock

feed.Over 90%of the lneat consumcd in thc PRC is pork although poultry

and dairy production are also significant livestock entcrprises(World Bank,

1987). Industrial livestock production based on scientifically compounded
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feeds is fairly lirnited but large quantities of locally produced grains and

grain by― products are fcd to barnyard anilnals in traditiOnal husbandry

systems.Southern China,the main ricc producing region,is also a lcading

hog production area(World Bank,1987).The amOunt of rice used for feed

is influcnced by livcstock populations,notably those of hogs and poultry,

and the intensity of feedingo Another variable that lnay influence the use of

rice as fced is the price of rnaize,the main substitute for rice in livestock

rations. Thus, a measure of livcstock numbcrs and maize prices are
iinportant cxplanatory variables in accounting for the consumption of rice

for purposes other than direct human consumption.Thc model estilnatcd

for this study also includes rice acreage becausc the amount of ricc used

for secd depends on acreage and seed use is included in the dependent

variablc.The final specification,thus,includes rice acrcage,total consump―

tion of pork and poultry as a proxy for livestock numbers,and real lnaize

prices as cxplanatory variables.

Most of the data uscd in this study are from the S′ α′お
`jθ

α′】セαめοοたげ
C72けれα and cover thc period 1960-1986. National income, defincd in the

PRC as thc value of production cxcluding the government sector, the
Chinese general index of retail priccs(1950=100)used to deflate the
income and some of thc price variables,retail pork prices,produccr prices

for maize,rice acreage,and population are all takcn fron■ this source. In

the absencc of reliable data on retail whcat and ricc prices,world priccs as

reported by thc INIIF are used.Data on rice consumption arc from USI)A

(1986). The equation for per capita human consumption also includes a
durnlny variable for the ycars 1978-1986 to test the hypothesis that the

agricultural reforms bcgun in 1978 have had an effcct on ricc consumption

patterns. The equation was estillllated with ordinary least squares and is

shown bclow with the r― ratiOs in parcntheses.

10g RC=1.085-1.142(PcY)~1-0.436 1og PcY

(2.470)(4.630) (2.474)

+0.748 1og PM-0.036 1og RWR+0.061D
(3.663) (0.801) (1.925)

R2=0.96   D.″ア.=1.88
Where RC iS per capita ricc consumption(kg),PcY real per capita income

(yuan),PM real price of pork(yuan),RWR ratiO of world rice to world wheat
prices,and D is a dummy variable for the reforln years 1978-86.

The results reported in cquation(3)show a strOng relationship betwcen

incomc and consumption. Both incomc coefficients are significant and of

the cxpected sign.「 Fhe price of pork is also significant suggesting a

cross―price demand elasticity of O.75. This result supports the argument

71

(3)
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fall:lett」

 

よljl accountingfOrotheruseS Ofricewas alSO eStimatedWith
Ordinary least Squares:

OU= ~~91そ
li:〕,+(3il〕 )lИ

U+i:i::)RM+7861:|::)PC°
                (4)

R2=0.95

ρ=-0.395(1.97)

*l jin is apprO対 mate貯 cqllal to One haf kg.
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TABLE 2

Pcr capita ricc consumption in China(actual and prcdictcd),cstimatcd incomc clasticitics,

and total ricc for othcr uscs(actual and prcdictcd)

Ycar Pcr Capita

consumption(kg)

Actual Prcdictcd

Estimatcd incomc

clasticity

of dcmand

Total othcr ricc usc

Actual     Prcdictcd

♂

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

65.9

65.0

688
71.0

70.4

69.8

73.0

72.6

73.2

72.7

73.5

786
849
87.2

87.8

88.9

91.5

94.4

93.0

62.9

66.0

69.2

709
71.0

69.9

69.9

71.0

701
701
70.2

79.7

835
84.3

84.8

85.7

85.9

91.7

930

0.396

0305
0203
0.167

0.164

0.133

0.140

0166
0.143

0.115

0.057

0.021

0.010

-0.002
-0.002
-0.053

-0.102
-0133
-0.150

12755     13131
13358      12985
15095      13970
17225     16042
15818     16797
17973      16973
17302     17286
18066     17457
17975      17498
18530     17100
19088     17049
19858      19842
17681     21480
18350     21215
21161     21959
22566     22768
25224      23602
26638      25773

″

Source:USDA(1986)and authors'cstimatcs.

consumption separately frorn production,trade and stocks.In addition,the

quality of the data available may be such that rnore complicated specifica―

tions would add little to the explanatory power of thc model. The いⅣo
equations estilnated for this study predict the historical evolutiOn of the

two depcndent variables quite accurately(Table 2)and appear to represent

the relationships of interest reasonably well. In the next section they are

used to proieCt rice disappearance to the year 2000.

PROJECTIONS OF CHINESE RICE CONSUMPTION

Thc first step in proiecting human rice consumption in China is to
devclop predictions of the likely evolution of rcal income.Real per capita

income has grown at an averagc annual rate of about 77b in the 1980's.

These high ratcs of growth are not likely to be sustained in the 1990's.

Rapid ccononlic growth in recent ycars has led to inflationary pressures

and thc government is working to s10w growth rates.For the purposes of
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TABLE 3

PrOiCCtCd incomc,population and elasticitics

Ycar     Rcal per capita incomc

(high grOwth scenario)

Elasticity

Rcal pcr capita incomc

(low grOwth scenario)

Population

(milliOns)

Incomc

●uan)

Incomc

(yuan)

Elasticity High

1990

1995

2000

-0.218

-0.271

-0.305

-0.205

-0248
-0.278

1140

1236

1331

４７

５９

７６

９４

０７

２５

４

６

７

２３

９３

７３

Sourcc:Authors'estilnatcs

this study,いⅣo income scCnarios Were adopted.Both reflect the expectation

that income growth rates Will decline.In the first,thc Currcnt rate of 79ら
is

maintained into the early 1990's,after whiCh it falls to 5.5%from 1992-96
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associated income elasticities of demand are shoWn for selected years in

Table 3.

POpulation is the Other variable affecting total human conSumptiOn.

Bccausc the population of China is very large,small differcnces in growth

rates could lead to large diffcrences in the absolute number of people.The

World Bank haS proiected population in China to the year 2000. Thcir
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arc rcported in Table 4.The other combinations lead to results bcい

Ⅳeen

the extremes generated by theSe two growth profiles(Lan,1989).As shown
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TABLE 4

Projcctcd pcr capita and total human rice consumption

Ycar Low population/High incomc High population/Low incomc

Pcr capita(kg) Total(MMT) Pcr capita(kg) Total(MMT)

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

91.0

89.6

88.5

87.3

86.1

84.9

83.6

82.6

81.6

80.5

79.4

103.7

103.9

104.6

104.7

104.8

1049
104.9

105.2

105.4

105.6

105,7

930
920
91.3

90.5

897
88.8

88.0

87.2

86.5

857
84.9

106.6

107.7

108.9

1100
110.9

111.8

112.8

1138
114.8

115.8

116.8

Sourcc:Authors'cstimatcs.

in Table 4,relatively rapid growth in real income leads to a fa1l of around

139ろ in annual per capita rice consumption fron1 91 kg in 1990 to just undcr

80 kg in 2000. Dcspite thc decline in per capita consumption,populatio五

grows sufficiently,cven on the basis of the low population growth proieC¨

tion, to induce a slight increase in total consumption over this period.

PrOiCCted total consumption in 2000,however,is only l.9%higher than the

1990 1cvel because of the lower population growth assumptions. If the

income growth assumptions are retained but evcn lower population growth

rates are assumcd, total consumption could even begin to declinc. For

example, if thc average annual population growth rate is l.596 for the

entire period beいⅣecn 1988 and 2000,total population willjust barely reach
l.3 billion in 2000 and total rice consumption(at 103.2 MMT)would be a

fraction lower than the predicted level for 1990.

For the other scenario,high population growth rates arc combined with

low income growth.Annual per capita rice consumption falls less rapidly to

about 85 kg in 2000 and the highcr assumed population growth leads to an

increase in total human consumption beい Ⅳecn 1990 and 2000 of 9.6%.The
two scenarios shown in Table 4 can be taken to represent upper and lower

bounds for total human rice consumption in the PRC.C)ther assumptions

about income and population growth would generally faH be● Ⅳccn these
two extremcs.Based on these results it appcars that total rice consumption

by the human population will grow be● Ⅳcen 2% and 10% over the next
decadc.In contrast,if one assumes that the level of annual per capita rice

consumption in 2000 remains at the 1986 figure of 93 kg, total human
consumption would be between 124 and 128 MMT dcpending on the
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TABLE 5

PrdCCtCd rice acrcagc,pork and poultry consumption,rice consumption for othcr purposcs,

and total ricc disappearance

Ycar     Ricc acreagc

(1000 ha)

POrk/POultry

consumption

(100 million iin*)

Total rice

disappearancc(MMT)
Ricc for

other uscs

(MMT) Low High

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

33625
33707
33787
33871
33953
34034
34116
34198
34280
34362
34443

288

299

309

320

330

341

332

362

373

383

394

24.7

25.3

25.9

26.5

27.1

27.1

28.3

289
295
30.1

30,7

1284
129.2

130.5

131.2

131.9

131.9

133.2

134.1

134.9

135.7

136.4

131.3

1330
134.8

136.5

138.0

1380
141.1

142.7

144.3

145.9

147.5

Sourcc:Authors'cstilnatcs.

assumptions on population growth compared with the rangc of 106-117
MMT proiected fOr the year 2000 in this study.

To proiect thC diSappearance of rice for other uses,it is necessary to

predict values for the explanatory variables.Thc proiectiOns for ricc

acreage and pork and poultry consumption are based on tilne trends while

the real pricc of corn was hcld constant at its average value between 1981

and 1985.Thc proiected explanatory variables are shown in Table 5 along

with proiectiOns of rice consumption for othcr purposcs and total ricc

disappearancc.Total rice disappearance includes human consumption and

othcr uses of rice. In the low population growth/high incOmc growth

scenario,total disappearance increases by 6.2,3 from an estilnated volume

of 128.4 ⅣIMT in 1990 to 136.4 MMT in the year 2000. In the scenario

coupling high population growth with low income growth,total disappear¨

ance increases fronl 131.3 to 147.5 MMT,an incrcase of 12.3%.Again,using

the 1986 figure for per capita consumption(93 kg)would lead to much
higher predictions for total rice consumption,ranging fronl 155 to 159 MMT.

To understand the implications of these results,it is helpful to consider

some independent proieCtiOns of Chinese rice production.The World
Bank, for example, has prcdictcd annual incrcases of l.8%. If these
increases are realized over the conling decade, total lnilled production

would reach about 155 MMT in the year 2000.()n the basis of the results
presented in this study, this production estilnatc iinplies an exportable
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surplus ranging fron1 7 to 25 MMT. In anothcr study,Noh(1983)predicted‐

that nliHed production would reach 187.6 MⅣ lT by the year 2000. The

exportable surplus would be cven larger if this prediction is realized.Note

that prcdictions based on relatively constant levels of per capita consump¨

tion would scriously undcrestilnate the potential exccss Supply.Using the

1986 figure for per capita consumption,thc World Bank production proiec―

tions and the levels of rice disappearance for othcr uses predicted in this

study, Chinese rice disappearancc would be approxirnatcly equal to avail―

ability in 2000.This shows the importance of a1lowing income elasticities of

demand to vary with the level ofincome.

CONCLUSION

The results set out above are not derived from a complcte model with

endogcnous production and government policy.As thc predicted slowing in

thc growth of total human ricc consumption becomes apparent,producers

and thc Chincse government can be cxpected to react in some way to thc

changcs in consumption patterns.Policies designed to increase rice produc¨

tion may nced to be modificd in light of thcse changes. As consumers
a1locate grcater proportions Of their growing budgets to high quality
products such as lneat and dairy products,dcmand for fced grains can be

expected to grow.G市 en the size of the world rice market(sec Tablc l),

stratcgies based on trading growing excess supplics of rice for imported

feed grains do not appcar prornising.Any sustained increase in the levcl of

ricc exports by thc PRC is likely to depress world rice prices quite
substantially, worsening the PRC's terms of trade. A morc pronlising
strategy may be to adopt policies that encourage feed grain production at

the expcnse of further increases in rice production.Alternatively some of

the current rice acreage could be shiftcd to rice varietics particularly

suitable for feeding livestock.Reactions of this nature arc likely to result in

lower production levels than prcdicted by the World Bank and actual
exportablc surpluses will allnost ccrtainly be much less than thc quantities

indicated in the previous section.

C)ther implications of the changing consumption patterns in thc PRC are

morc difficult to detail. In a less regulated market, the slower gro、 vth in

demand would cause rice prices to decline rclative to thc pricc of other

goods, benefiting low― incomc consumers and providing thc incentives to

re― a1locate rcsourccs from ricc production to feed grain and livcstock
production. In thc PRC, the effects may be to encourage production of

livestock products, vegetables and other foods for thc small frec market

institutcd as part of the agricultural reform. Rice grown in the northern

parts of the PRC on land morc suited to wheat cultivation may be rcplaced
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with that crop.Thus,the market for wheat,as wcll as those for fccd grains

and livestock products IIIlay be affected by the predicted changes.NIIuch will

depend on the response of the government to these changes and the types

of price policies implcmented.

Finally,slower growth in the demand for ricc in the PRC will have an

ilnpact on world markets for ricc, feed grains and, perhaps, livestock
products and wheat.The PRC could potcntially becomc the leading ricc

exporting country if falling consumption leads to increascd exports.It could

also bccome an important inarkct for feed grains ifland is not shifted from

rice production to fccd grain production.Bccause per capita consumption

of rice is likely to fall as incomes increasc,the future growth in total rice

consumption is likely to be lowcr than what many planncrs had expectcd.

This prediction is particularly important in a country wherc lnarkets cannot

be expccted to guidc the a1location of resources toward production of other

crops and livestock products for which dcmand is likcly to increasc.
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