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Abstract

The World Rice Model (WRM) was developed based on a partial equilibrium approach in this
paper. The impact of a Renminbi (Chinese Yuan) appreciation scenario on the world rice market was
projected to 2020 by WRM. The result indicates that Renminbi appreciation in the short term will
lead to a drastic change in the international rice price index. When the Renminbi appreciation rate
is greater than 4%, the international rice price index will continue to rise; when it is greater than 8%,

China will become the largest rice importer in the world.
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Introduction

Rice is the staple food for more than half of the world
population. With the growth of population and increase in
annual rice consumption per capita in countries where rice
is not the staple food, world rice consumption is increasing
continuously and the world rice trade has expanded greatly.
As aresult, world rice production (moving average value
of three years) increased from 174 million tons in 1965
to 402 million tons in 2005, and the consumption of rice
expanded from 172 million tons to 409 million tons with
world rice trade expanding from 15 million tons to 540
million tons during the same period.

China, India, Indonesia, and Bangladesh are
respectively the world’s top-four countries in rice
production and consumption. The changes in the Chinese
rice market have a profound impact on the world rice
market. The Renminbi (Chinese Yuan) had appreciated
8.9% by August 20, 2007, compared with the rate on
July 21, 2005. It will cause Chinese rice to lose its
competitiveness in price and certainly will make an impact
on the Chinese rice market. Furthermore, as the world’s
top producer and consumer, the changes in the Chinese
rice market will also have a great impact on the world rice
market.

Literature on the exchange rate and agriculture

trade is mainly focused on agriculture response to the
exchange rate movement®, the effect of exchange rate on
food supply”, and the effect of exchange rate on Japanese
agricultural income®. On the other hand, literature on
the world rice model aimed at policy simulation'® is
ample, such as the Global Trade Analysis Project, the
International Model for Policy Analysis of Agricultural
Commodities and Trade, the World Food Model (WFM)
of FAO?, and the AGLINK model of the Organization for
Economic Cooperation and Development. Most of these
models employ parameters that are estimated by using data
up to the 1990’s. Because of the rapid change in the world
rice market, these parameters should be estimated by the
latest data for modeling the world rice market. In addition,
literature on the impact of Renminbi appreciation on the
economy of different countries or regions is mainly used
in a computational general equilibrium (CGE) model*'?
or pooled import demand equation''. It still has not been
found to be used as a new partial equilibrium model to
simulate the impact of Renminbi appreciation on the
world rice market. As a result, the world rice demand
and supply elasticity is estimated in this paper, and a new
partial equilibrium model of the world rice market is built
up for the impact projection of Renminbi appreciation.
This paper is organized as follows. In the next
section, the scope and structure of the World Rice Model
(WRM) are presented, the parameters of WRM are
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estimated and the scenarios of Renminbi appreciation are
assumed. The third section provides an analysis on how
the world rice market will change in the impact projection
by WRM with three assumed scenarios of Renminbi
appreciation. The final section discusses what the world
rice market will look like in 2020.

World Rice Model

1. The Scope of the World Rice Model

The scope of the World Rice Model (WRM) is
Australia, Bangladesh, China (mainland’s 33 provinces),
India, Indonesia, Japan, Korea, Malaysia, Pakistan,
Philippines, Sri Lanka, Taiwan of China, Thailand, USA,
Vietnam, and the rest of the World (ROW) regions. The
output and the consumption of rice in the top 15 countries
and regions account for 87% and 86% of the whole world,
respectively. In addition, it's worth noting that this
paper regards japonica rice and indica rice as the same
commodity.

2. The Structure of WRM

The partial-equilibrium dynamic model for multi-
countries with a single product is used in WRM, which
is built according to WFM. WRM is composed of
six aspects: production, import, beginning stocks,
consumption, export, and ending stocks. Its structural
diagram is shown in Fig. 1, and the basic principle of

modeling is explained below.

Firstly, both the import volume (IMQ) and the export
volume (EXQ) of rice of all countries and regions are
assumed to be a function of the international rice price
(WP: the price of Thailand’s rice, which is one of the
largest rice exporting countries in the world).

IMQ = f,(WP); EXQ-=f,(WP)

Secondly, the international rice price is obtained from
solving the following market clearing equation for gross
rice export and gross rice import in the world by inserting
exogenous variables, and the remaining endogenous
variables can be obtained simultaneously.

F(WP)=Y" /,(WP)= Y f,(WP)=0

WRM is composed of 228 function equations. Among
them, 164 equations are related with endogenous variables
and the other 64 equations are related with exogenous
variables. The main functions given below are used in
the modeling of WRM, and the variables in the functions
are defined in Table 1.

Function of the harvest area:

logAH, = ay" +a)"log AH,_, +b" 10g(RP, )

i

+b53" log(WHP,_)+c)" log(Z,) + d;" DMO,
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Fig. 1. Structure of WRM
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Table 1. Variables used in the WRM and varible definitions

Variable  Definition

AH the harvest area of paddy rice

RP the producer price of paddy rice

WHP the wheat producer price

MZP the corn producer price

WWHP  the international wheat price (US Gulf Pts)

WMZP  the international corn price (US Gulf Pts)

EXR the foregin exchange rate

YY the yield of paddy rice per unit

TP annual average temperature

PT annual average precipitation

ST annual average sunshine hours

FLP the price of fertilizer

PD the production of rice

DD the rice demand per capita

PGDP the GDP per capita

RTP the rice retail price

STK the ending stock of rice

7 the exogenous Varigble (the cultivated laqd area of
Japan) in the function of harvest paddy rice area

DMO a dummy variable in the function of harvest paddy

rice area

a dummy variable in the function of the rice
DM1 demand per capita (China, India, Indonesia,
Malaysia, Thailand is 1 and otherwise is 0)

i one of 16 countries and regions
t the year
a,b,c,d the parameters to be estimated

(a)logYY, =al) +a) logYY, , +b." 10g(RP, )
+b" log(FLP,/ FLP, )+ bY 10g(TP,/ TP, ,)
+b!" log(PT, ! PT, )+ b 10g(ST, /ST,_,)
(b)logYY, =a) logYY, , +b!" log(RP, ,)

+b) 10g(FLP,)+ b}y 10g(TP,) + b)) log(PT,)
+b,, 10g(ST,)

Function of per capita rice demand:

log DD, = a’” +b” DM1,10g(1/ PGDP,)
+b2” 10g(PGDP,) + b>" 10g(RTP,)

Definition of import equation for the net rice export
countries and regions:

IMQ,

i

( DDit )Cy
IMQ, , DD

it—1

Definition of export equation for the net rice export
countries and regions:
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EXQ,=(PD,+STK, +IMQ,)— (DD, + STK,)

Definition of export equation for the net rice import
countries and regions:

EXQ, _ WR/WP_,
EXQ,'H RPiz !/ RP,

i1

Definition of import equation for the net rice import
countries and regions:

IMQ, = (DD, + STK, + EXQ,) — (PD, + STK, ,)

i

Ending stock function of the net rice export countries and
regions:
log STK,, = a;\ + b 1og(STK

it—1 /PDit—l)
+b2F 10g(RP,) +b°X PD,

Ending stock function of the net rice import countries and
regions:
log STK, = a}} + b log(STK

ir—1 /DDit—I)
+b>F log(RP,)+ b3 DD,

Related function of the domestic producer price of paddy
rice with the international rice price:

RP,*EXR, =c, +(1+c,,)WP
Related function of the retail rice price with the producer
price of paddy rice:

log RTP, = a;; +b}" log RTP,

it—1

+b5 RP,
Related function of the international wheat price with the
international rice price:

logWWHP = ¢,""" + ¢} log WP,
Related function of the domestic wheat price with the
international wheat price:

log(WHP, * EXR,)=c}|"" +c/\"" log WWHP,
Related function of the international corn price with the
international rice price:

logWMZP, = ¢"*" + ¢)'*" log WP,
Related function of the domestic corn price with the
international corn price:

log MZP, * EXR, = c)/”" + cli"" log WMZP,

Identity of world rice market equilibrium:

16 16
Y MQ, = EXQ,
i=1 i=1
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3. Database

The sources of demand, supply and trade of rice
are mainly from PS&D of United States Department of
Agriculture. The macro economy data is from international
financial statistics (IFS) of IMF and National Accounts
Main Aggregates Database of United Nation Statistic
Division. The sources of prices for rice, wheat, corn, and
fertilizer are from IRRI, JIRCAS STAT Ver.3.1 and FAO
STAT of Food and Agricultural Organization of UN. The
rice data for China is from China Statistics Yearbook and
Agriculture Product Cost and Revenue Data edited by
National Development and Reform Commission of China.
The sources of climate data mainly come from World
Climate Data and Monitoring Programme (http://www.
wmo.ch/pages/prog/wcp/wedmp/monthly.html). Because
it is monthly climate data for approximately 2,000 surface
data collection stations worldwide, it is processed to the
monthly data of various countries and regions by Katsuo
Okamoto of the National Institute for Agro-Environmental
Sciences. The actual data used in modeling is the average
monthly data during the paddy growth period, based on the
results of the partition of main-crop planting seasons in the
various countries and regions prepared by the USDA in
1994. Furthermore, it needs to be noted that weather data

of China is the monthly data from its sixteen paddy-rice-
growing provinces'.

4. Parameters estimation and modeling

OLS is the method mostly used for the parameter
estimation in WRM, and for some time series data such as
changing price, some parameters are estimated using ML-
ARCH (Maximum Likelihood- Autoregressive Conditional
Heteroskedasticity). Except for the function of yield per
unit using samples from 1970 to 2000, the samples for the
estimation of other parameters are from 1960 to 2004. The
estimation results are shown in Tables 2 and 3. As seen in
these results, most of the parameters are significant.

After the parameter estimation, based on the above
structural diagram the WRM is developed by using Visual
Basic of MS-EXCEL. The Newton method is used in
solving the nonlinear system of the above market clearing
equation for gross rice export and gross rice import in the

world.

5. Assumption of WRM Scenarios

In the baseline scenario, it is assumed that the an-
nual growth rate of world GDP per capita is 3%, which
is the average during the period of 1971-2004, the annual

Table 2. Elasticity of paddy production and estimated results

Country/region Price elasticities of paddy Elasticities of per unit area yield

harvest area

Paddy rice price  Wheat price Paddy rice price  Fertilizer price Temperature  Precipitation
Australia 0.152%* 0.252%** —0.142%* —0.985%**
Bangladesh 0.015% 0.011* —0.076 —1.012%* 0.098*
China 0.041%* 0.025%** —0.252%** 0.139%**
India 0.046%** 0.24 ] #** —0.038*** —0.764*** 0.261%**
Indonesia 0.021** 0.018** —0.037** —1.350%** 0.190**
Japan 0.326%** 0.114%%* —0.248%** 1.184%** —0.178%*%**
Korea 0.121** —0.207*** 0.046%** —0.147%** 0.064%**
Malaysia 0.078* 0.120%** —0.037**
Pakistan 0.145%%* —-0.061 0.060%** —0.167*** —0.047***
Philippines 0.013* 0.040%** —0.017*** —0.469%** 0.077%**
Sri Lanka 0.088** 0.070%** —0.108*** 1.988*** 0.017*
Taiwan, China 0.041* 0.04 #** 0.219%**
Thailand 0.088** 0.251%** —0.065%** —0.423%**
USA 0.330%** 0.018* —0.054%*%*%* 0.323%** —0.327%%*
Vietnam 0.025 0.051%* —0.941%*
Other countries 0.039%* 0.020%*** —0.058*** —0.215%** 0.123%%*

*: Significant at the 0.1 probability level. **: Significant at the 0.05 probability level. ***: Significant at the 0.01 probability level.
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Table 3. Rice demand elasticity and estimated results

Demand elasticity

Parameters of income in demand

function
Country/region
Income Rice price Wheat price Recipro.cal of Logarit?lm of
per capita GDP per capita GDP

Australia 0.762 —0.1%** 0.762%**
Bangladesh 0.154 —0.026 *** 0.154%*
China -0.097 ¢ —0.003***  (0.004%*** —65.00%** —0.159%**
India 0.120 * —0.087*** —231.81%** —0.242%**
Indonesia 0.129 ¢ —0.015%** —230.06%** —0.121%**
Japan —0.363 —0.153%* —0.363%**
South Korea -0.177 —0.135%* —0.177**
Malaysia —0.245 ¢ —0.087*** 285.38%%* —0.174%**
Pakistan 0.298 —0.106*** 0.208%%**
Philippines 0.344 —0.024*** 0.344%%*
Sri Lanka 0.343 —0.087%* 0.209**
Taiwan, China —-0.283 —0.378*** —0.283***
Thailand —0.066 * —0.021%** 119.59%** —0.019%**
USA 0.208 —0.072%** 0.208%**
Vietnam 0.196 —0.097*** 0.196%**
Other countries 1.005 —0.048** 1.005***

a: Represents the income elasticity calculated using the parameter of reciprocal of per capita GDP,
logarithm of per capita GDP and per capita GDP in 2004. *: Significant at the 0.1 probability level.
**: Significant at the 0.05 probability level. ***: Significant at the 0.01 probability level.

growth rate of China’s GDP per capita is 7.5%?, and the
annual Renminbi appreciation rate is 0%, while for other
countries and regions the exchange rate for their currency
against the US dollar is the average during the period of
1971-2004 (this scenario is also named as the 0% sce-
nario). It is assumed that the weather condition of all
countries and regions is invariable and the population size
is the forecast results of UN. The cultivated land area of
Japan is assumed to decline by —1.3% per annum based on
the trend of the past 17 years since Japan’s agriculture is
downsizing. Furthermore, the prices of fertilizer in various
countries and regions are assumed to be the same as past
trends since WRM is developed based on the historical
data. The base period is set as the year of 2004 and the
simulation period is from 2005 to 2020. Two other sce-
narios of Renminbi appreciation are also assumed: a 4%
scenario and 8% scenario, as shown in Fig. 2.

Results

Based on the above three scenarios, the simulations
on Renminbi appreciation are projected by WRM. The

simulation results are discussed from three aspects: world
rice price index, rice trade volume of China and rice trade
volume fluctuation of the other 15 countries and regions
in the world.

1. World rice price index

Figure 3 shows the simulated results based on differ-
ent Renminbi appreciation scenarios. The results show
that the international rice price index will increase sharply
in the short term. However, for the different appreciation
rates of Renminbi, the projected results are very different
in the long term. The international rice price index for the
0% scenario will decrease in the long term, but for the 4%
or 8% scenario it will increase in the future, and especially
for the 8% scenario the increase will be linear. Compared
with the 0% scenario, the international price index for the
4% and 8% scenarios will be higher than 16% and 32%
on average, respectively. Therefore, a Renminbi apprecia-
tion will result in a great change in the international rice
market in the long term, and it may also cause turbulence
in the international rice market in the short term. If the
annual Renminbi appreciation rate is more than 8%, the
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Source of data: Simulated results by author.
Simulated data is from the year of 2005.
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international rice price will increase continuously in the
long term.

2. Net exports of the main rice exporting countries
in the world
Table 4 shows the simulated results of different Ren-
minbi appreciation scenarios. By 2010, the world rice
trade situation will mostly be the same as that of 2000.
However, the rice exports from Thailand and Vietnam will

334
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increase to a great extent, and the rice imports of net rice
importers, such as Bangladesh, Indonesia, Philippines,
Malaysia, Japan, and the ROW regions will increase grad-
ually. While by 2020, compared with 2000, the world
rice trade situation will change greatly. It is projected
that India will be the biggest rice net exporting country
and Vietnam probably will be the second biggest rice net
exporting country in the world. However, for the ROW
regions, Bangladesh and Philippines, the net rice imports
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Table 4. Simulated results of net exports of every country based on different Renminbi appreciation scenarios

Year 2000 2010 2015 2020
Appreciation rate

of Renminbi - 0% 4% 8% 0% 4% 8% 0% 4% 8%

1,000 tons

India 1685 6784 7085 7391 12496 13261 14039 21325 22584 23821
Vietnam 3488 6084 6863 7536 8109 10504 12713 9381 14902 20123
Thailand 7521 13592 14129 14663 13113 14610 16074 13260 15736 18059
Pakistan 2429 2184 2347 2505 1655 2139 2588 1333 2187 2932
USA 2245 2958 3067 3177 2393 2668 2944 2010 2443 2866
Australia 549 237 272 306 118 219 309 -5 162 262
South Korea -95 1984 1908 1834 988 786 605 785 462 196
Sri Lanka -18 -229 —182 —137 -230 —-116 -15 -178 1 146
Japan —-198 -269 —237 -205 =317 —249 —-180 -253 -161 =70
Malaysia —596 —692 —646 —602 780 —655 -539 -810 —611 —438
Taiwan, China 117 —423 —408 -392 —524 —490 —457 —581 -529 —480
Indonesia —1500 4945 4755 4569 4959 4394 3867 3632 2654 -1796
Philippines -1410 3632 3546 3464 5136 4896 4681 6531 6131 5801
Bangladesh —672 5167 4996 4833 8258 7761 7317 -11069 -10189  —9459
China 1577 3914 468 2807 12053 1926 7525 16268 2942 20284
Other countries —12894 22380 21368 20403 30720 27553 24690 41303 -35262 -30076

Source of data: Simulated results by author.

will obviously increase.

3. Net rice exports of China

The simulated results of China’s net rice exports are
illustrated in Fig. 4. It shows that if Renminbi has no ap-
preciation (the 0% scenario), net rice exports of China will
increase continuously. By 2010, it will be 3.914 million
tons and by 2020, it will be 16.268 million tons. If the
annual Renminbi appreciation rate is assumed to be 4%,
China’s net rice exports will decline after it increases to
2.656 million tons in 2013. By 2018, China will become
a net importing country and by 2020, China’s net rice im-
ports will reach 2.942 million tons. In the 8% scenario,
by 2010, China will become a net importing country and
its net rice imports will be 2.807 million tons and by 2020,
it will increase to 20.284 million tons. The above results
show that, if the Renminbi appreciation is kept at zero,
China’s rice market will be in excess in the long term. If
the annual Renminbi appreciation rate is 4%, it will affect
China’s net rice exports greatly, and if it is 8%, China
will have a gap for rice supply in the short term and in the
long run, this gap will become bigger and bigger. By 2020,
China will be the largest net rice importer, accounting for

1/3 of the world’s rice imports.
Discussion

This paper analyzes the impact of Renminbi appre-
ciation on the world rice market through the policy simu-
lations for three different scenarios of Renminbi appre-
ciation. According to the simulated results above, two
conclusions can be drawn. Firstly, the Renminbi appre-
ciation will result in a very large fluctuation in the inter-
national rice price index in the short term and even cause
turbulence in the international rice market. Specifically, if
the annual Renminbi appreciation rate is 8%, it will cause
the international rice price index to go up continuously
in the long term, and China will become a large net rice
importing country in the world. Secondly, compared with
other countries and regions, Renminbi appreciation will
affect China’s rice market more severely and directly. At
the same time, it will have an influence on the rice imports
of the ROW regions, Bangladesh, Philippines, and so on.
These countries and regions may play a key role in causing
a global expansion in rice trade. Especially, the net rice
exports of India and Vietnam will increase rapidly in the
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Fig. 4. Simulated results of rice net exports of China based on different Renminbi (RMB)

appreciation scenarios

Source of data: Simulated results by author.

Simulated data is from the year of 2005.
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long term. Thus if the speed of Renminbi appreciation is

very rapid, China will be a net rice importing country, the 3

international rice price index will increase, and it may lead
to a shortage of rice and a loss of economic welfare in the

other net importing countries and the ROW regions. 4.
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