Three Essays on Aggregate and Disaggregate Prsge Ri
Measurement and Explanation for Chinese Major Grain

by
Qin Chen

A Thesis submitted to the Faculty of Graduate Stsidif
The University of Manitoba

in partial fulfilment of the requirements for thegtee of

DOCTOR OF PHILOSOPHY

Department of Economics
(Department of Agribusiness and Agricultural Ecomnzshn
University of Manitoba
Winnipeg

Copyright © Qin Chen, 2014



CONTENTS

ABSTRACT .. I
ACKNOWLEDGEMENTS ..o LLL.
LIST OF TABLES . ... e \%
LIST OF FIGURES ... .t ennne e IX
CHAPTER ONE: GENERAL INTRODUCTION .....oovviiiiiii e 1

CHAPTER TWO: MEASURING AGGREGATE PRODUCER PRICE RIS K

FOR MAJOR CHINESE GRAINS. ... eennnn e e
2.1 INTrOAUCTION ..ttt e e e e e e e e e e e e e 7
2.2 LITErature REVIEW ........cciiiiiiiiiees e et e et a e e e essenne e e e 10
ARG \V =1 g To o (o] (oo YU PRUPPPPPPRRPPN 12

2.3.1 Measuring Price Risk for Individual CommoeHti................oeeveiiiiinnnnnnn. 12

2.3.2 Calculating Index of Aggregate Price RiSKuu.......uueeiiiiiiiiiiiiiiiiiiiiiiiinns 16
2.4 RESUIES ..o 18
2.5 CONCIUSION ...coiiiiiiiiiit e mmm ettt e e es 22

CHAPTER THREE: EXPLAINING AGGREGATE PRICE RISK FOR MAJOR

GRAIN COMMODITIES IN CHINA ... e 23
.1 INEFOTUCTION ...t e e e e e e e eeeeee e 23
3.2 China’s Grain Marketing and Trading System R@fo............ccccooevviiiiiiinnnnee. 27

3.2.1 Overview of China’s Grain Marketing System............ccccovvvvvvivvveiiennnnn. 28

3.2.2 Overview of China’s Grain Trading SYSteM ....vvveeiiiieeieieeeeeeeeeeeeeeiiens 30



3.3. Theoretical and Empirical Motivation..................uueiiiiiiinieeeeeeeeceeeeeeiiiiee 31

3.3.1 Infrastructure DevelopmeNnt ............ceceamiiiiiien e 31
3.3.2 Major Agricultural Marketing POlCIES .. ceeeeeeeeeeeiiiieeeeee 3.3
3.3.3 Procurement QUOLA .........coouiiiiiieeie e eeee 34
3.3.4 Degree of International Trade Participation..............cccceeeeeeevvevveveeivnnnnnns 35
3.3.5 Foreign EXchange RaAte .........ccoo oo 36
3.3.6 Weather IMPACT ........ccoooiiiiei e 37
3.3.7 Other FACIOIS ... ..ttt sttt e e e e e e e 39
3.4 Data and Model Specification ............ccccceeeeeeeeiiieeeeee e, 39
S5 RESUIES e 42
3.5.1 Preliminary TESHING ........uuuuuis e eeeeeeetiiiiienss s e e e e e e e e e e eeeeeeaeeeeeeees 42
3.5.2 BASIC RESUILS ...ttt sttt 43

3.5.3 A Comparison of Models using Two-Step and @@mMeasures of

Aggregate Price RISK ........uuuuuuieiiii et s 45

IS e ] (o3 [ 170 ] o ISR 48

FOR MAJOR AGRICULTURAL COMMODITIES IN CHINA ....... . 50
T I [ 11 70 o 18 Tox 1 o] o PO PR RRP PP PTPPPI 50
4.2 Model SPeCIfICALION ........ccooiiiiiiiiieeeee e s 52
4.3 RESUIES ... 55
4.4 CONCIUSION ...ttt et r e et e e e e e e eeeeensebrneenenees 61

CHAPTER FIVE: GENERAL CONCLUSION ......ccoiiiiiiiiiiiiiieeeceeeeiiiis 63



REFERENCES

APPENDIX ONE ..ottt s 75

APPENDIX TWO ..o snasanae 156



ABSTRACT

This dissertation consists of three essays. Infils¢ essay, econometric
models are used to measure price risk in a studynégor grains (wheat, rice, corn,
and soybeans) in China. Generalized AutoregresSvaditional Heteroskedasticity
(GARCH) models and Multiplicative HeteroskedasyiqiM Het) models are applied
to estimate time-varying price variance, and themadances are estimated by a
simple two-step process assuming constant conditioarrelations. An aggregate
price risk index is constructed from these varignemd covariances using an
economic index number approach. In theory, thisr@ggh is superior to the more
common approach of estimating a univariate GARCHI@hdor an aggregate price
index. This easay compares the two approaches @asuriag aggregate price risk and
finds low correlations. Thus there is substantidfecence between the two
approaches in practice as well as in theory.

The previous essay measures aggregate price ristoes not explain price
risk. The second essay attempts to investigatenpatefactors that contribute to
aggregate price risk of major grain products (riaseat, corn and soybeans) on
monthly base in China from mid 1980s to recent yleam both theoretical and
empirical perspectives. The superlative price riekexes are explained by a set of
key variables that characterize China’'s economycalgural market and trade as well
as biological system of major grain in China. Theagables account for much of the
variation in the aggregate price risk index. Morosmpirical results favor use of the
superlative index of aggregate risk rather thandaed measures of aggregate risk.

The third essay is an extension of previous twayssby explaining price risk

at disaggregate level. Price variances and cowsgarare modeled using both
[



Ordinary Least Squares (OLS) and Seemly Unrelategidgsion (SUR) techniques.

Results are broadly consistent with the previogsays
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CHAPTER ONE: GENERAL INTRODUCTION

It is well known that farmers in developing couesrialmost uniformly farm a
wide variety of agricultural products including psoand livestock to spread out their
family labor and farm resources. Similarly Chindaemers produce a number of
agricultural products to diversify their revenueiniary grains are rice, wheat, corn,
and soybeans over the years, according to Ministrigriculture of the People’s
Republic of China. The subject of price volatilityr major grains in China has
received increased attention recently for risk ngengent strategies and policy
implementations. Major grain (rice, wheat, corn,dasoybeans) production,
consumption, and trade account for a significaaretof China’s food system. Grain
price variation has large effects on producers, soorers and other market
participants. Several studies have estimated adatility for individual grains in
China (Du and Wang 2004; Liu and Wang 2006; Zou et al. 2007), but there are no
studies measuring aggregate price risk. This iditbestudy to analyze price risk for
major Chinese grains from an aggregate view pdinevaluates and compares
alternative econometric approaches to measuringe prariances and covariances.
Then it applies economic index number theory toregate price risk over the four
commodities. This measure of aggregate risk is ewath with a more common
measure from a univariate Generalized AutoregresSonditional Heteroskedasticity
(GARCH) model of aggregate price, and empiricdiedédnces are substantial.

The focus on these four crops is of great impogdnc the following reasons.
Firstly, grain production is the major agriculturatlustry in China. At the aggregate

level, these four major crops jointly account farep 90 per cent of China’s grain



supply in recent years (Zhou and Tian 2005). Sdgpmplain production is major

income source for many rural families. These faairgs contribute about 60% of the
yearly average net income for China’s farmers atiogr to statistics from China
National Statistical Yearbook (2012). Thirdly, thage crucial to international grain
market and have attracted attention worldwide. €hénthe world’s largest producer
of rice, the world’s biggest consumer of wheat, therld’s largest importer of

soybeans, and a major exporter of corn in mostsyear

It is also rational to analyze aggregate levelgrisk for grain portfolio. It is
well accepted that financial volatilities move ttggr over time and across assets.
This study focuses on rice, wheat, corn, and saybamce those crops are partly
substitutable in both production and consumptioirina. All four crops are widely
produced in most provinces in China and have simplanting, growing, and
harvesting seasons. Furthermore, the markets éomiin Chinese grain crops (rice,
wheat, corn, and soybeans) operate in a similar avalyare subject to similar grain
policies, reforms, and similar degree of governmaetarvention over years (see Wu
and McErlean 2003). Over the past decades, pricemr grain peaked together in
1988, mid of 1990, mid of 2000 (see Figure 2.1).

Since 1978 when market oriented reforms and theningedoor policy to
international trade were implemented, China hadugby adopted various policies to
promote free trade of agricultural products. Amadngse policies, some were known
as retrenchment, some as acceleration and otheasnbmgjuity. Moreover, China’s
rapid economic growth and gradual transition towaed market economy have
changed domestic production and consumption patteand trade behavior
significantly in agricultural industry. Consequentbrices of agricultural products,

especially grains, have fluctuated throughout et three decades. Farmers make



production decisions by responding to both levedl awlatility of prices. Price

uncertainty will lead farmers to be cautious inlgp@ costly inputs and this will tend
to decrease output. Rozelle and Huang (1998) iteticthat China’s farmers could
increase (decrease) output as they face less (ipice)risk and uncertainty.

It is, therefore, important to understand the graince volatility and
investigate the potential factors contributing t@ig price risk in China. However,
studies on China’s major grain price risk are leditparticularly with regard to farm
level grain prices. Some existing studies discugscaltural commodity price in
China more from policy regulatory and marketing @lepment and reform
perspectives (Huang and Rozelle 2006; Brauw 2004). Relatively little is written about
the quantitative impacts of economic factors anitatjural and trade policy changes
on price risk of major agricultural commodities.n® quantitative studies attempt to
analyze price volatility for individual grain in @fa in recent year. Du and Wang
(2004) apply time series models to describe prielalior of China’s wheat using
wheat futures data. No studies analyze price nslChina’s major grains portfolio by
considering the tight relationship in productiordaonsumption among a group of
grains.

This paper is the first effort to explore key fastdhat may affect price
volatility for China’s key grains portfolio includg rice, wheat, corn and soybeans
from both theoretical and empirical perspectivéss lalso rational to analyze price
risk for a group of grains since those crops arédypsubstitutable in both production
and consumption. The crop production distributioapni{see Figure 3.1) shows all
four crops are widely produced in most of provinse€hina. The crop calendar for
these four grains illustrated in Figure 3.2 showmilar planting, growing, and

harvesting season across crops. Over the pasteteqgaices of major grains peaked



together in 1988, mid of 1990, mid of 2000 (seaufeg3.1 in Chapter 2). The special
features of the Chinese economy and complex refetrategies make the task of
explaining price risk important and challenging.eTHual price system in China

contributes to the complexity of the study. Sinbe early 1980s, Chinese farmers
have faced two prices: the government procuremeite® (quota prices and

negotiated prices) and market prices. This papeusies on market prices since the
risk portion from market factors continues incregsas the scope of government
planning reduces over time. The impact of ChinaBMaccession in 2001 on price
risk is worthy of assessment. After that Chineseegament started to rely more on
market forces in agricultural products distributidmore wheat, corn, rice, soybeans,
cotton and oil seeds are imported due to theirdngirices on the domestic market.
Chinese farmers face strong competition from chegported agriculture products

after 2001, especially the significant impact oéap grain products from abroad. This
makes them more vulnerable to economic uncertaindyrisk.

There is a huge literature using GARCH models t@suoee risk, including
econometric studies of risk in stock market retuand in agricultural product prices.
Part of the attraction of ARCH and GARCH modelthist measurement is based on a
model of persistent patterns of risk over time eatfhan on a model explaining risk.
In contrast, earlier models of heteroskedasticagegally required an explanation of
heteroskedasticity, and such explanations are \Weasdenuous at best.

However there is almost no literature attemptingxplain risk as measured
by GARCH models. The one exception is in the aréastock market returns.
Explanation of return volatility in terms of markieindamentals has been viewed as
the most important remaining research issue in @oetrics of stock market risk.

Early attempts were unsuccessful (Schwert 1989)tHauwe is a small recent literature



reporting some progress (Diebold and Yilmaz 2007; Engle and Rangel 2008; Engle,
Ghyse$ and Sohn 2008; Lettau and Ludvigson 2010). Apparently there are no other
attempts to explain GARCH measures of price rigloreed in the literature.

So this is the first study attempting to explain ’2H measures of price risk,
aside from several studies of stock market votgtilMoreover this study uses a
theoretically correct application of index numbéedry to construct measures of
aggregate price risk. In contrast, in publishedliss; stock market volatility was
estimated simply from e.g. a univariate GARCH maxfedggregate returns.

This study attempts to explicitly measure and drpkhe impact of key
elements on price risk for major grains in Chindjck is measured using superlative
price risk index approach as presented in ChaptdrtBis thesis. Our exploration is
motivated by the economic demand and supply thewhich suggests that the
volatility of exogenous variables in the demand aogply system should be related
to market volatility.

Moreover, in this study, models explaining risk tthese the theoretically
correct measure of aggregate price risk have arddtthan do models using common
measures of aggregate price risk. Given the scélehese four core grains’
contribution to China’s agricultural economy, it aéso important to examine and
understand price volatility at the disaggregateelldyy analyzing individual price
variances and covariances. It is well known tha thean level of grain price is
responsive to changes in variables such as goveitnpmicies, income, and input
cost that shift demand and supply curves in theketaHowever, what is not known
is how those variables influence price risk, dteitan aggregate level or disaggregate
level. Do key factors that have significant inflces on aggregate price volatility also

have similar effects at the disaggregate level?sDbe impact of marketing factors



such as marketing evolution and grain policies oicepvolatility vary by grain
product? What does the seasonal pattern of indavidop price volatility look like?
However, little quantitative information is availalpublicly. This is the first study of
these matters.

Most studies of commodity prices have estimatedlstequation models (for
example, Mastrangelo 2007; Du and Wang 2004). When the single-equation
framework is adapted in this study, several equatare estimated separately by (for
example) Ordinary Least Squares (OLS) assumingpigrddence among grain price
variances and covariances. However, this assumpgems unrealistic, as prices are
influenced by common variables on both productiod eonsumption sides. Hence, it
is rational to expect that those individual equati@re interrelated and the single-
equation framework is less efficient than a sységmproach such as Seemly Unrelated
Regression (SUR) (Zellner 196Rwivedi and Srivastava 1978).

A large amount of literature exists on the appimatof SUR models in
agriculture (for example, Miller 1979; Reed and Riggins 1981; Streeter and Tomek
1992; and Barnes and Shields 1998). However, apparently SUR has not been used to
model price risk for multiple commodities. Here atjons explaining all price
variances and covariances are estimated jointhsbiR. Common factors likely to
influence price variances and covariances incluéather, marketing shocks, and
agricultural policies. These may induce correlaidretween the equations’ error
terms. This study is the first attempt to quant&ly explore price volatility

systematically for core grains in China.



CHAPTER TWO: MEASURING AGGREGATE PRODUCER PRICE RIS K
FOR MAJOR CHINESE GRAINS

Abstract
Econometric models are used to measure pricemnigkstudy for major grains

(wheat, rice, corn, and soybeans) in China. GezerhlAutoregressive Conditional
Heteroskedasticity (GARCH) models and MultiplicatitAieteroskedasticity (M Het)
models are applied to estimate time-varying priagance, and then covariances are
estimated by a simple two-step process assumingtaminconditional correlations.
An aggregate price risk index is constructed frdrase variances and covariances
using an economic index number approach. In thebigy,approach is superior to the
more common approach of estimating a univariate GHRnodel for an aggregate
price index. This chapter compares the two appreméb measuring aggregate price
risk and finds low correlations. Thus there aressaiitial differences between the two

approaches in practice as well as in theory.

Keywords: Aggregate Price Risk, Economic Approach to Indaxmiers, Chinese

Major Grains

2.1 Introduction

It is well known that farmers in developing couesrialmost uniformly farm a
wide variety of agricultural products including psoand livestock to spread out their
family labor and farm resources. Similarly Chindaemers produce a number of
agricultural products to diversify their revenueinkary grains are rice, wheat, corn,
and soybeans over the years, according to Ministrigriculture of the People’s

Republic of China.



This paragraph gives a brief summary of currenoitbical understanding of
the origin of agricultural price fluctuation. Althgh price volatility in the agricultural
market has not been fully explored, there are tvamntypes of theory proposed. One
type of theory is called exogenous (e.g. Deaton laaebque 1996, 1992), which
explains the presence of price variations as tkaltref external shocks in supply
such as weather. In the exogenous theory contlgt, storage model tends to
dominate: marketing speculators sell or store cotities based on their rational
expectations of future price changes. When theraoisincentive to store, price
dynamics simply follow the path of supply shocksecB (1993) showed ARCH
effects in storable commodity prices (e.g. crog&granvestigating prices of various
agricultural commodities. The other type of themrygalled endogenous (e.g. Chavas
and Holt 1993), which explains price movementshasrésult of market participants’
naive expectations and a time lag between plaatggharvest. The Cobweb model is
always used: agents make production decisions basédeir expectation on market
prices; when producers expect high prices to continuey gfreduce too much and
therefore end up with low prices, and vice versa.bbth theories, the inelastic
demand on staple goods could magnify price fluanagiven that supply cannot
adjust quickly in the short run. In practice, prigdatility in agricultural markets is
driven by market fundamentals as well as governnméatventions.

Several studies have estimated price volatilityifalividual grains in China
(Du and Wang 2004; Liu and Wang 2006; Zou et al. 2007), but there are no studies
measuring aggregate price risk. This is the fistlg to analyze price risk for major
Chinese grains from an aggregate view point. liuatas and compares alternative
econometric approaches to measuring price varisaroggovariances. Then it applies

economic index number theory to aggregate pride @iger the four commodities.



This measure of aggregate risk is compared withoeensommon measure from a
univariate Generalized Autoregressive Conditionatdrbskedasticity (GARCH)
model of aggregate price, and empirical differeraressubstantial.

The focus on these four crops is of great impoddnc the following reasons.
Firstly, grain production is the major agriculturatlustry in China. At the aggregate
level, these four major crops account for about @f%tal grain product of China in
recent years (Zhou and Tian 2005). Secondly, gproduction is major income
source for many rural families. These four graiostabute about 60% of the yearly
average net income for China’s farmers accordingtadistics from China National
Statistical Yearbook (2012). Thirdly, they are gali¢to international grain market and
have attracted attention worldwide. China is theld® largest producer of rice, the
world’s biggest consumer of wheat, the world’s é&sfgimporter of soybeans, and a
major exporter of corn in most years.

It is also rational to analyze aggregate levelgrisk for grain portfolio. It is
well accepted that financial volatilities move ttggr over time and across assets.
This study focuses on rice, wheat, corn, and saybamce those crops are partly
substitutable in both production and consumptioirina. All four crops are widely
produced in most provinces in China and have simplkanting, growing, and
harvesting seasons. Furthermore, the markets éomiin Chinese grain crops (rice,
wheat, corn, and soybeans) operate in a similar avalyare subject to similar grain
policies, reforms, and similar degree of governmaetdrvention over years (see Wu
and McErlean 2003). Over the past decades, pricemjr grain peaked together in

1988, mid of 1990, mid of 2000 (see Figure 2.1).



2.2 Literature Review

Farm-level revenue risk reflects risk in both praitan and price. As in most
studies we focus on price risk (farm level yieldkris underestimated by industry
level data as is well known). In most previousrétare, aggregate price risk over
commodities is simply measured as variance of agreggte price index over
commodities (e.g. Chen et al. 1986; Park and Switzer 1995; Flannery and
Protopapadakis 2002; Laws and Thompson 2005). Within this simple framework
popular approaches for quantifying variance of erindex include univariate
GARCH models and traditional naive expectation-dasethods. The advantage of
this approach is computational simplicity. Howettegse simple approaches involve
substantial errors in aggregation over commod(ses the next paragraph on how we
will deal with this problem). First, it is well kmen that aggregation over commodities
generally leads to a loss of information and inectrrspecification of econometric
models (e.g. Kelejiari980; Pesaran, Pierce, and Kumar 1989; Van Garderen, Lee,
and Pesaran 2000). Second and more specificaliyetmsurement of aggregate risk,
there is a small literature on contemporaneous eaggion of GARCH models.
Nijman and Sentana (1996) considered a simple @adge sum of two independent
univariate GARCH(1,1) processes. Aggregation leadssubstantially more complex
parametric structure (a “weak” GARCH(2,2) ratheartta strong GARCH(1,1)), and
standard techniques lead to inconsistent estimatbthe aggregate process. This
partly reflects misspecification of aggregate ctindal variance (Komunjer 2001).

In order to estimate aggregate risk while avoiding errors in aggregation
mentioned above, we proceed in two steps. Firstestienate a multivariate GARCH
(or multiplicative Heteroskedasticity) model fodimidual crop prices, and calculate

variances and covariances for these prices. Seeama@ombine these variances and
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covariances into an index of aggregate price Bacently standard economic theory
of index numbers has been extended from aggregatipnces under certainty or risk
neutrality into the aggregation of price risk ow@mmodities in production (Coyle
2007). Price variances and covariances are aggecgato an index to measure
overall price risk for multiple commodities. Thiager applies this superlative index
approach to price of major grains in China for geeiod of 1987 to 2007. The high
correlations between grain market prices as weflaterns in price movements over
the last 30 years in China indicate that it is imt@ot to integrate price covariances
into the aggregation of price risk analysis in #tedy. This study will be the first
application of this index number approach to Ch{@oyle (2007) includes an
application to Manitoba crops).

There have been numerous methodologies developestitoate price risk for

a single commodity. This paper applies the widedges GARCH model

Multiplicative Heteroskedasticity model, and traalial naive expectation-based
models. It is well known that ARCH/GARCH models baween frequently applied in
the analysis of asset price risk in financial eacoatric models (e.g. Bollerslev et al.
1988; Bollerslev et al. 1992). Similarly in many respects, these time series models
have been widely adopted to successfully measuree ptisk of agricultural
commodities. Holt and Aradhyula (1990) use a GARf@btel to estimate price risk
for U.S. broiler. Holt and Moschini (2001) apply @&H to U.S. sow farrow. Du and
Wang (2004) use GARCH models to study price bemawdChina’s wheat futures
market. However little work has been done using MREARCH to measure price
risk of other agricultural commodities in China.ipaper also assesses price risk by
using Multiplicative Heteroskedasticity (M Het) nmadwhich is well accepted in

econometric analysis of risk in agricultural indysafter Harvey's contribution in
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1976 (e.g. Dixon et al.1994; Goodwin et al. 200jce risk measurement based on
Naive expectation is evaluated in this study as.\Bebrsen et al. (1987) apply Naive
expectation on rice farmers’ income risk analy§lkavas and Holt (1990) use this
approach to measure first two moments of pricdf@&. soy and corn.

This paper estimates price risk over Chinese mgjams using alternative
hetoroskedasticity methodologies. This study ad@ptsmple two-step process to
estimate price variances and covariances assuroimmgjant conditional correlation as
in Bollerslev (1990). This two-step process wasgested by Engle and Sheppard
(2001), and revisited by Engle (2002). Price varemnare estimated by a standard
heteroskedastic method for each commodity, and phiee covariance is calculated
using correlations and standardized residuals agteinfrom the first step, assuming

constant conditional correlation.

2.3 Methodology

2.3.1 Measuring Price Risk for Individual Commodities

This study assesses the first and second momemtdofidual commodity
price first. Following Bollerslev (1990), Engle arheppard (2001), and Engle
(2002), a simple two-step process is adopted is #tudy for estimating price
variance and covariance. The two-step processsedban the decomposition of the
conditional covariance matrix into conditional stard deviations and correlations.
Engle and Sheppard (2001) proved that the two-ss#imator is consistent. Price
variance and covariance matrix will be used towale aggregated price risk index
using economic index number theory later in thisa@har. Within the two-step
framework, firstly either the univariate  GARCH mabdethe Multiplicative
Heteroskedasticity model, or the naive expectadtiased model is used for

guantifying the first and second moments of eacmrmodity price separately.
12



Standardized residuals from the first step are usedstimate the conditional
correlation which is assumed constant over timénaBollerslev (1990)'s Constant
Conditional Correlation (CCC) modePrice covariances are then calculated for each
time period based on the conditional correlatiod standard error obtained from the
first step. A time-varying covariance matrix is aiped by stacking all periods
together finally. The assumption of CCC has beemmonly employed to simplify
the estimation of multivariate GARCH models, evdrough the assumption is
presumably wrong. Procedures for testing the CCgabthesis have serious defects
(e.g. see Shadat and Orme 2011 for a recent suriestead, we will later (in
Appendix Two) estimate an alternative model witlmdi varying conditional
correlations and note that this does not changenaum results. So the assumption of

CCC does not seem to be too restrictive for ouppses.

2.3.1.a GARCH Models

Price is specified as a linear function of a mp#riod lag in price,

R =g+ AP, +& (2.1)

Univariate GARCH (p,q) models are specified forteaeparate price of the

four commoditiesP' assuming a conditional error process

i iLil/2 i i ! i i 2 $ i A
& :Vtht andht _a0+zat—m£t—m +z¢t—nht—n
m=1 n=1
(2.2)
i=1234
& =Y~ (%),

V| is a white-noise process wita(v;) =0 andvar(v;) =1

! Bollerslev (1990) proposed the Constant ConditidBarrelation (CCC) GARCH model to
resolve the difficulty of estimating a high numloémparameters for multivariate GARCH models.
The CCC model assumes that the conditional coivelahatrix Rt is constant over time, e.g. Rt =
R where R is the conditional correlation matrixiué standardized residuals.
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h is the conditional variance af

According to the simple two-step process, pararaedee obtained from the

above process first. The standardized residyatze estimated as

2.9

Assuming constant conditional correlationsdar(v;,v, ) are used to estimate
correlation betweeny, v, ) as follows

r, =cor(v;,v/) (2.4)
Wherer; is the estimate of constant correlation across.tim

r, and h are used to calculate time-varying conditionaliarze and

covariance.

covig &) = r (R * )" =covf (2.5)
The time-varying monthly variance and covarianc¢aimed from GARCH

models are written into a matri}X,q in this study.

var  cov’ cov;’ covi*

cov’t var® cov® cov’

Vp = 2.6

: cov' cov’ var cov* (2.6)
cov' cov* cov® var'
=1,...,T
2.3.1.b Multiplicative Heteroskedasticity Model
Construct a linear price model,
R =B+ AR +y (2.7)
1=0

with error terms of the form,
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i =ds
i=1234
£ ~iid. with E(¢)) =0 andVar(g) =o”

Assume that = exp{x['H/Z} as shown in Greene (1997) so that
ol = o’ exp{z6} (2.8)

wherez =x (t=1,...,T)
P' is a Tx1 vector of price of commodity i,

6 is a px1 vector of price parameters

z is a p<1 vector of independent variables, typically laggedes, which are

hypothesized to related to price variability
Harvey's standard multiplicative heteroskedasticitpdel has been widely
applied in applied econometritdJnder the assumption of normality, the following

log-likelihood function is used to solve for unknowarameterg andéd in the model:

n 13 1$G 206 NV pipi

logL =—log27-=>"Z60-=> e *(R' =Y BP. ) (2.9)
2 2 i=1 2 i=1 p=0

The simple two-step process illustrated by equati@m) to (2.6) is then used

to calculate price variance and covariances ohgpartfolio based on the parameters

from the M Het models.

2.3.1.c Naive Expectation-Based Method
The traditional naive expectation-based method nassuthat the expected

price is the market price lagged one period. Simdaother studies (Chavas and Holt
1990; Coyle 1992; Haile et al. 2003), price variance and covariance of crop i and j

are quantified as the sum of squares of the piediarrors of the previous three

2 For a detailed understanding of this model anthiisy variations, see Harvey (1976, 1990).
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periods with declining weight of 0.50, 0.33 and7.1

Ebi = P (2.10)

Covt—l( pti ptj) = 050* (pti—l - Et—2 pti—l)( ptj—l - Et—2 ptj—l) + (2-11)
033* (ptl-2 - Et—3 ptl-z)( th—z - Et-3 pt]—2) +

017~ (pti—3 - Et—4 pti—s)( ptj—3 - Et—4 ptj—s)
i,j=1234

Lastly time-varying price variance and covariancanmm of grain portfolio is
constructed using the simple two-step process lamgarameters estimated from the

naive approach.

2.3.2 Calculating Index of Aggregate Price Risk

The revenue aggregaté for a given collection of items in a single time
period is computed as
V=3 ny = py 212
i=1
Where p represents the price of thid item
Yy, represents the corresponding quantity

A fundamental goal of standard index number thderyo decompose the
change in a revenue aggregsféy, for time period 0 and 1, into the product of a

part that is due to price change and a part thduesto quantity change. This implies

ViIVo = piYi ! PoYo= (P R)(Y. 1Y) (2.13)

% Several alternative sets of declining weights (&7, 0.2, 0.1), (0.6, 0.25, 0.15) and (0.5, 0.2) 0
have been seen in the literature. Brorsen et 887q)Lfound that using different sets of weights had
incidence on the risk analysis on U.S. rice farmacome. Chavas and Holt (1990) indicate that (0.5
0.33, 0.17) fared well in terms of key statistiesults, but that their results were robust to ckarig
weighting scheme.
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Moving to revenue risk aggregation, similarly a damental goal of index
number theory for aggregating price risk is to aepose the change of revenue risk
between two periods into its price risk change comgmts and quantity change

components (Coyle 200%7)Price risk and output level jointly contribute revenue
risk as yTpr, whereV, is the price variance and covariance matrix gnsl a vector
of output. It implies the change in revenue risktween two periods,

leVplyll ygvpoy0 could be decomposed into a price risk change YBHVE and a

quantity change paiY;/Y,. The following equation must hold:

VRIVR)YL/Y0) = ViVorY ! YoVpoYo (2.14)
WhereVR/VR denotes an aggregate price risk index over twinger

Y,/Y, denotes an aggregate quantity index over twageri

y, andy, denote output vector at time period 1 and O raspyg

V,, andv,, denote conditional variance and covariance mafrjpxice at time

1 and O respectively

Then an aggregate price risk index can be obtained
VRIVR = (1 Voui ! YoVoo¥o) [/ Yo)* (2.15)
In practiceY,/Y, can be approximated as a standard output quamdiex, for

example, Torngvist quantity index, Fisher quaniitglex, or Laspeyres quantity

index.

“ For a detailed understanding of standard econoppeoach to index theory, readers are suggested to

read Diewert (1976). For details of extension s ,rsee Coyle (2007).

® Quantity index measures the overall change in tifiembetween the two periods. Laspeyres
n n

quantity index is defined ag, (p°, p*,q°,q") = > p°q’ />’ p’q’ . Paasche quantity index is
i=1 i=1
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In contrast to the above, the standard approacheasuring aggregate price
risk is to first calculate an aggregate price risklex (e.g. Tornqvist, Fisher,
Laspeyres) and from this estimate aggregate piskee.g. by estimating a univariate
GARCH model of aggregate price. This approachrg but it introduces errors in

aggregation over commodities, as discussed above.

2.4 Results

This study uses monthly prices (Yuan/Kg) for riadeat, corn, and soybeans
collected from 156 county free-trade markets acrGésna by the Ministry of
Agriculture of the Republic of China. The price ala available from 1987 to 2007.
The time series plot of the data is presented guriéi 2.1. Descriptive statistics and
correlations for each commodity price are presentedTables 2.1 and 2.2,
respectively. The high correlations between mapkiees as well as patterns in price
movements over time indicate that it is crucialinolude both price variance and
covariance into the aggregation of price risk ovejor agricultural commaodities in
China. Annual output (10,000 tons) data (1987-2@0&)from the National Bureau of
Statistics. Descriptive statistics for each comrtyoduantity are reported in Table 2.3.
Statistical analyses are undertaken using the aoét®, Shazam, and Evieds.

Least squares are initially used to estimate ARcg¢®s, equations (2.1) and

n n
defined as g,(p°, p*,q°,0") =>_ p'q' /> p'a’. Fisher quantity index is defined as
i=1 i=1

1/2 1/2

ge (P, P,0%.9") =a.(p°.9° P",a")"*0s(p°,0° p",q")"*. Tomquist quantity index is
the geometric average of the quantity relativehef ¢urrent to base period quantity weighted by
the arithmetic average of the value shares for tive periods and is defined as

n 1 n
Ing, (p°, p',9°,9") = Z%(SO +5) In(q—io) , where revenue shag = piqf /Y piq .
g j=1

i=1

® Unit root test results are inconclusive. For thegmented Dickey Fuller (ADF) test, the null

hypothesis of unit roots was rejected at 5-15%iBgmt level for 3 of the 4 crops. Since ADF tésis

low power, the Kwiatkowski, Phillips, Schmidt, ashin (KPSS) test was also conducted. The null

hypothesis of stationary was not rejected at 1%llér any crop, was barely rejected at 5% level2o

crops, and was rejected at 10% level for the d2henops. So no corrections were made for unit roots
18



(2.7). The constant variance assumption associaidd (1) and (7) is tested using
ARCH test, Harvey test, Glejser test, and White(B)Ptest for heteroskedasticity in
Shazam. Since the form of heteroskedasticity isxank we conduct alternative tests
for heteroskedasticity. The ARCH test for ARCH wersno heteroskedasticity, the
Harvey test that tests for multiplicative heteralsicity versus no
heteroskedasticity, and the White test, a genesdlfor heteroskedasticity versus no
heteroskedasticity when the form of heteroskedagis unknown, are conducted. In
general the null hypothesis of no heteroskedagtigitejected at standard significance
levels (all 16 test results are significant at camional levels). Strong evidence of
heteroskedasticity is found for each commodity gomeodel according to these test
statistics, which are reported in Table 2.4.

General-to-specific modeling approach is conduttesipecify the number of
lags for both GARCH models and the M Het model ital fa better fit for each
commodity price. Maximum likelihood estimates oé ttour GARCH (1,1), equation
(2.1), and the M Het Model, equation (2.7), areorggd in Tables 2.5 and 2.6,
respectively. The time-varying pattern of graincprvariability is confirmed based on

the estimated results. In GARCH models, the cdefiits on ¢ and h, in the

variance equation are both statistically significainl% significance level in all cases.
In M Het models, the coefficients on lagged pricethe variance equation are also
individually statistically significant at convential levels in all cases. Estimates of
constant conditional correlations were calculatediacussed above, and are reported
for GARCH and M Het models in Tables 2.7 and 2.8spectively. Constant
conditional correlations between standardized vedglin all four cases are positive,
and the degree of conditional correlation is re&dsi higher between rice price and

wheat price.
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Then aggregate price risk indexes, equation (2até)onstructed using price

variance-covariance matri; for all three models (GARCH, M Het, and Naive), and
using three aggregate quantity indexésY, (Tornqgvist, Fisher, and Laspeyres).
Aggregate risk indexes can be constructed as foeseVR /VE, (or chained moving

base VR /VR_,) and here July of 1987 was selected as the fixask.bTable 2.9

reports correlations between these aggregatentskes for GARCH models and the
three quantity indexes. /B¢, VP™S"®'C and VP?P¢ denote aggregate indexes of
price risk formed from equation (2.15) using GARGtddel and Tornqvist quantity
index, Fisher quantity index, and Laspeyres quamidex respectively. These three
aggregate price indexes are highly correlated wotinelation ranging from 0.99711 to
0.99954. The near perfect correlation between agdeeprice risk indexes related to
alternative output index suggests that any of liineet quantity indexes is adequate for
our purposes (in principle the Laspeyres indexferior to the other two). Similar
results hold for the M Het and naive models. Sohm rest of this study, we only
consider a Torngvist output quantity index.

Aggregate price risk indexes are plotted in Figir2 Correlations between
those price indexes are provided in Table 2.10"%®denotes the aggregate price
risk index, when the second moment of each commqulice is estimated by a
GARCH model, as presented by equation (2.2)"°"Pis an aggregate price risk
index in which the price variance is quantified llly Het model, as depicted by
equation (2.7). VP™ denotes the aggregate price risk index based oiwveNa
expectation approach, as represented in equat®8k gnd (2.10), to measure price
variance and covariance. The correlation is highesiveen the GARCH and Naive
models. Aggregate indexes vary considerably aagrebtods of estimating individual

commodity price risk. Table 2.11 compares supesatiggregate price risk indexes
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with simple univariate measures. Here '¥¥° is the aggregate price risk obtained
from univariate GARCH model of Tornqvist price index over commodities; VP

is aggregate price risk from univariate M Het model of Tornqvist price index; and
VPN is aggregate price risk obtained from simple naémpectation-based
approach based on Tornqgvist price index. The carogls between price risk indexes
for GARCH models is only 0.37, and for M Het modisl$.31. Presumably this large
difference reflects at least in part errors in agation in the simple approach. The
correlation between price risk indexes based omenaxpectation-based approach is
much higher at 0.89. Perhaps, this is becauseithgles naive approach does not
involve any aggregation errors in econometric madas there is no econometrics.
These results indicate that the economic index murapproach to aggregating price
risk over commodities leads to quite different emcpl measures of aggregate price
risk than does the simple approach, at least frer data set. These are similar to
results in Coyle (2007) for Manitoba crops (diéfieces in results between correct and
simple approaches to aggregation are more prondumae). One secondary issue is
considered here. Appendix Two relaxes the CCC assomand instead estimates a
time varying conditional correlation multivariateAGCH model, namely a diagonal
BEKK model. The variance and covariance estimatesanilar to estimates for the
CCC model (except for soybeans, the more minor fthe crops). Moreover a
superlative aggregate price risk index based on IBEKtimates is highly correlated
with an aggregate price risk index based on CCithasts: a correlation +0.97. These

results suggest that the CCC assumption is adetprater purposes

" We also conduct multivariate GARCH under CCC usthg one-step approach to estimation
originally proposed by Bollerslev (1990). The coméfnts for CCC are all significant at 1% level and
the correlation between the aggregate risk inddainodd from the one-step CCC model and the one
obtained from 2-step multivariate GARCH model 88).
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2.5 Conclusion

This paper compares alternative approaches foruriagsaggregate price risk
over Chinese major grains. The superlative aggeepate risk index is emphasized
since it uses index number theory appropriatelinaorporating both variances and
covariances of price risk. High correlations betwesgregate price risk indexes
constructed using different outcome quantity inde&ee observed. Using the same
output quantity index (Torngvist-type), aggregatee risk indexes are compared
across approaches to measuring price risk. Thermalpiesults obtained here reveal
positive correlation across alternative approackes. GARCH and M Het models,
correlation between superlative aggregate pride insexes and simple univariate
measures are low. Thus the theoretically superieasure of aggregate price risk is
also quite different from the simple measure, astievith this data set.

As a pioneer study this paper has important impboa for quantifying
aggregate price risk over commodities in the cds€honese major grains. Many
research issues still remain. For example, thisareh could expand the scope by
incorporating price risk of livestocks such as hagsich heavily rely on major grains
as input in China so price variation of major lisaeks may be highly correlated with

major grains in China.
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CHAPTER THREE: EXPLAINING AGGREGATE PRICE RISK FOR MAJOR
GRAIN COMMODITIES IN CHINA

Abstract

The previous chapter measures aggregate pricéyisising GARCH models,
Multiplicative Heteroscedasticity (M Het) model,catraditional Naive expectation-
based heteroscedasticity methods in the spiricohemic index number theory, but
does not explain price risk. Prior to this studige tonly econometric studies
attempting to explain aggregate risk are limitednodels of stock market return
volatility. This chapter attempts to investigatetguaial factors that contribute to
aggregate price risk of major grain products (rie#eat, corn and soybeans) on
monthly base in China from mid 1980s to recentlyp&lative price risk indexes are
explained by a set of key variables that charame@hina’s economy, agricultural
market and trade as well as biological system gbngrain in China. These variables
account for much of the variation in the aggregaiee risk index. Moreover this
model has better fit than does a model using adatansimpler measure of aggregate
price risk. Thus empirical results support use loé tmore theoretically correct

approach to measuring aggregate price risk adoptenis thesis.

Keywords: China, Grain Market and Trade, Aggregated Pridatify, Drivers

3.1 Introduction

The subject of price volatility for major grains @hina has received increased
attention recently for risk management strategres @olicy implementations. Major

grain (rice, wheat, corn, and soybeans) productomsumption, and trade account
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for a significant share of China’s food system.i@narice variation has large effects
on producers, consumers and other market partigp&ince 1978 when market
oriented reforms and the opening door policy tenmational trade were implemented,
China has gradually adopted various policies tanute free trade of agricultural
products. Among those policies, some were knownreieenchment, some as
acceleration and others as ambiguity. Moreovern&sirapid economic growth and
gradual transition towards a market economy haeagbd domestic production and
consumption patterns and trade behavior signifigamt agricultural industry.
Consequently prices of agricultural products, esgc grains, have fluctuated
throughout the last three decades. Farmers makkigion decisions by responding
to both level and volatility of prices. Price uneenty will lead farmers to be cautious
in applying costly inputs and this will tend to dease output. Rozelle and Huang
(1998) indicated that China’s farmers could inceeédecrease) output as they face
less (more) price risk and uncertainty.

It is, therefore, important to understand the graince volatility and
investigate the potential factors contributing t@ig price risk in China. However,
studies on China’s major grain price risk are leditparticularly with regard to farm
level grain prices. Some existing studies discugscaltural commodity price in
China more from policy regulatory and marketing @lepment and reform
perspectives (Huang and Rozelle 2006; Brauw 2004). Relatively little is written about
the quantitative impacts of economic factors anicatjural and trade policy changes
on price risk of major agricultural commodities.n$® quantitative studies attempt to
analyze price volatility for individual grain in @fa in recent year. Du and Wang
(2004) apply time series models to describe prielalior of China’s wheat using

wheat futures data. No studies analyze price nslChina’s major grains portfolio by
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considering the tight relationship in productiordaonsumption among a group of
grains.

This paper is the first effort to explore key fastdhat may affect price
volatility for China’s key grains portfolio includg rice, wheat, corn and soybeans
from both theoretical and empirical perspectives.the most important agricultural
commodities in China, these 4 crops jointly accdontover 90 per cent of China’s
grain supply, and contribute about 60% of the yeavlerage net income for China’s
farmers according to National Bureau of StatisidBS). It is also rational to analyze
price risk for a group of grains since those craps partly substitutable in both
production and consumption. The crop productionridistion map (see Figure 3.1)
shows all four crops are widely produced in mospaivinces in China. The crop
calendar for these four grains illustrated in FegguB.2 shows similar planting,
growing, and harvesting season across crops. Qeepdst decades, prices of major
grains peaked together in 1988, mid of 1990, mi@@d0 (see Figure 3.1 in Chapter
2). The special features of Chinese economy andpxrcharacteristic of reform
strategies make the task of explaining price msgartant and challenging. The dual
price system in China contributes complexity to #tedy. Since early 1980, the
Chinese farmers have faced two prices: the govarhm®curement pricégquota
prices and negotiated prices) and market prices féper focuses on market prices
since the risk portion from market factors contmuacreasing as the scope of
government planning reduces over time. The imp&adclona’s WTO accession in

2001 on price risk is worthy of assessment. Aftat the Chinese government started

8 Quota prices were set by the government annuallyrinciple, negotiated prices were slightly below
market prices. Farmers’ income and production d@tisnaking are generally influenced by both
procurement and market prices. This paper focusenarket prices since the risk portion from market
factors continues increasing as the scope of gawemnh planning reduces over time. For example,
negotiated purchases as a proportion of total gwwent purchases including both quota and
negotiated purchases increased from 25% in 1988%in 1994 (Rozelle and Sumner 2003).

25



to rely more on market forces in agricultural progudistribution. More wheat, corn,
rice, soybeans, cotton and oil seeds are importedtd their higher prices on the
domestic market. Chinese farmers face strong catiggetfrom cheap imported
agriculture products after 2001, especially thenificant impact of cheap grain
products from abroad. This makes them more vulihertabeconomic uncertainty and
risk.

There is a huge literature using GARCH models t@asuoee risk, including
econometric studies of risk in stock market retwand in agricultural product prices.
Part of the attraction of ARCH and GARCH modelthist measurement is based on a
model of persistent patterns of risk over time eatfhan on a model explaining risk.
In contrast, earlier models of heteroskedasticégayally required an explanation of
heteroskedasticity, and such explanations are \dexsdenuous at best.

However there is almost no literature attemptingxplain risk as measured
by GARCH models. The one exception is in the aréastock market returns.
Explanation of return volatility in terms of markieindamentals has been viewed as
the most important remaining research issue in @oetrics of stock market risk.
Early attempts were unsuccessful (Schwert 1989)tHawe is a small recent literature
reporting some progress (Diebold and Yilmaz 2007; Engle and Rangel 2008; Engle,
Ghysels and Sohn 2008; Lettau and Ludvigson 2010). Apparently there are no other
attempts to explain GARCH measures of price rigloreed in the literature.

So this is the first study attempting to explain ’2H measures of price risk,
aside from several studies of stock market votgtilMoreover this study uses a
theoretically correct application of index numbéedry to construct measures of
aggregate price risk. In contrast, in publishedliss; stock market volatility was

estimated simply from e.g. a univariate GARCH maxfedggregate returns.
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This study attempts to explicitly measure and drpkhe impact of key
elements on price risk for major grains in Chindjclk is measured using superlative
price risk index approach as presented in ChaptdrtBis thesis. Our exploration is
motivated by the economic demand and supply thewhich suggests that the
volatility of exogenous variables in the demand angply system should be related
to market volatility.

The plan of this chapter is as follows. The nextise gives an overview of
key reforms on grain marketing and trading systemChina over the last three
decades. The following section examines a seriegactors that may have an
important impact on Chinese grain sector from lib#oretical and empirical point of
view. Subsequently data and econometric modelslisreissed before the empirical
results are presented and discussed. The lasbsedncludes with the main findings

of the study and suggestions for future research.

3.2 China’s Grain Marketing and Trading System Refom

This section aims to provide a high level underditagn of Chinese grain
section by presenting an overview of grain markgtmd trading systems in China
over the last 30 years. Chinese government progaamegricultural production and
rural development are under the Ministry of Agrtaug, while agricultural trade is
under the Ministry of Foreign Trade and Economicof&ration. Therefore, the
agricultural policies and trade policies have nbtags been consistent and well-
coordinated. The government’s agricultural policfesus on productivity, market
stability, and development of rural enterpriseserglas the trading policies are more
profit oriented (Chern and Yu 2002).

Before 1978 the Chinese government strictly colgdolthe production,
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marketing, and trade of major agricultural prodwetth procurement prices generally
below international prices in order to provide ghdaod, capital, and labor for

industrial development. Since 1978 the Chinese igowent has undertaken a number
of gradual reforms of its grain marketing and trgdsystem. Even though several
“retrenched” policies were introduced during théomn period, these changes have

promoted competition and efficiency in grain sector

3.2.1 Overview of China’s Grain Marketing System

China’s policy reforms in agriculture can be diddento several major
episodes (Wu and McErlean 2002; Huang and Rozelle 2006). Major reforms of the
Chinese grain marketing system happened betweehd¥ 1985, and were aimed at
continuously raising farm level procurement prieesl gradually liberalizing rural
markets (Huang and Rozelle 2006). The second pifasarketing reforms beginning
in 1985 to 1992 aimed mainly at diminishing goveemmintervention in the grain
sector and at further enlarging the role of masietcation. The compulsory purchase
system was partly replaced by the contract purckgseem. The government's pure
monopsony on grain was replaced by a dual systegowérnment procurement and
market exchange. After fulfilling the contractedotp at a price set annually by the
authorities, grain growers could sell their remagnproduct to state grain bureaus
(SGBs) or grain processors at negotiated pricesljrectly to consumers on the free
trade market.

In the late 1980s, the government began to recheedope of ration sales due

to its high grain subsididsind to improve the economic efficiency of grainrkess.

° From 1985 to 1992, quantity of ration sales washillion tons more than procurement amount.

The sales shortfall was filled by negotiated preauent quantity. Since negotiated prices were

higher than the sales prices of “rationed salé® ,government had to subsidize a lot of the grain
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The rationed sales were reduced and the priceatiohed sales were increased to a
level consistent with government purchase pricesamivhile, after fulfilling the state
procurement, storage, and sales plan, SGBs wengeallto trade in free market. This
situation continued until the beginning of the 199&in reforms, which aimed at
strengthening state control over the national graystem away from market
allocation and only allowed the SGBs to purchasengrom farmers.

A third period of reform is from 1993 to 1998. Duyi the beginning of this
period, China opened its grain market gradually graln prices started to reflect
movements in the domestic market demand and supplyearly 1993, many
provinces began to discontinue the grain ratioasstiat allowed urban consumers to
purchase grain at low fixed prices. However, refqmticies were retrenched after a
sharp increase in grain prices spread from thetabaseas to the whole country in
late 1993 and mid 1994, which was interpreted eesalt of the recent policy reform
and grain product shortfall. As a result, the preoent quota price was set lower
than the market price by the government again; the so called Governor’s Rice-Bag
Responsibility System (Mi Dai Zi Sheng Zhang Ze Ri)™ in local grain supply
was introduced in 1995; the rationed sales prices were restored and rationed sales
prices were fixed at a level lower than the magkete. The double-track system was
resumed in purchasing and marketing. In 1996, duegh international grain prices,
the government sharply increased quota prices rfaing in order to stimulate grain

production to assure adequate grain supplies.

marketing in order to cover the sales cost andcéteal high running cost (see 2B1H £Hiff 41
R E AR LB R AT —— AT AR R A R o [ ROR AR,
2004 ) In 1990, the subsidies to government graémketing accounted for 6.7% of the budget
(Wu and McErlean 2002).
% The Governor's Rice-Bag Responsibility System (Mii Zi Sheng Zhang Ze Ren Zhi) is a
policy designed to promote self-sufficiency in datie grains at the provincial level. With this
policy governors were to stabilize grain sown ailiegrove crop yields, maintain local grain
stocks, stabilize grain prices and use local regdntsubsidize the procurement quota price in the
event of a disaster.
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After 1998, grain marketing reforms were launcheatenand restrictions on
marketing were removed (Huang, Rozelle, and Ch&tgR Most commodities are
traded by private traders and commercialized gfiati|n bureaus (Sicular 1995). Since
China’s WTO accession in November 2001, the Chimgsesrnment has started to

rely more on market forces in agricultural prodwttgribution.

3.2.2 Overview of China’s Grain Trading System

Prior to China’s foreign trade reform in late 197@émost all of China’s
foreign trade was strictly dominated by centralnpiag and operated by a small
number of foreign trade corporations. China’s manchse trade since the market
reform has been characterized by decentralizatidoreign tradereductions of trade
barrier,progress on currency convertibility, and so on. lde&r, China’s agricultural
trade, especially grain trade, hasn’t been libeedlito the same extent as its trade in
manufactures (Carter and Li 2002).

China's grain trade has major consequences for ®btha's domestic grain
market and international grain market. Internatiograin trade has helped balance
supply and demand and also the grain varietieeardbmestic market. China's main
exporting crops are rice, beans, and corn. The mgxirtant importing crop is wheat
from 1978 to 1990s, in which Canada, United Statel Australia are three major
wheat exporters. However, after WTO accession, &&isoybeans imports surged.
Since early 1990s, China’s grain trade has entaredw transitional period. There
were large fluctuations of grain exports and impoMso the grain trading pattern has
been changed from the simple exporting rice andonimy wheat to multi-
commodity trade (Wu 2002Between 1994 and 1995, China switched from being a

large exporter to being a large importer of gréifier 1995, the grain trade pattern
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changed sharply and was characterized by decréapedts and increased exports.
After China’s entry into the WTO in November 20@hina engaged more in

the global grain trade, and its grain trade prooeduas become more efficient.

China’s grain trade has been stabilized, and hasnhe more market-oriented and

based on comparative advantage.

3.3. Theoretical and Empirical Motivation

This section evaluates variables that may havergoitant impact on price,
and hence price volatility, via Chinese grain sygpd demand from both theoretical
and empirical perspectives. The principle in chogsrariables for explaining price
volatility is that the variable enters either thaig supply or demand equation and
behaves exogenously. Market prices respond tosshifsupply and demand, and the
degree of price response is associated to the glasticity of both. Practically given
the special features of China’s grain marketing ttading system over the last 30
years, factors in explaining volatility of grain iggs should include market
liberalization and development, trade liberalizatiagricultural and trade policy
changes in China. Candidates being discussed adaded in this section include
infrastructure development, major agricultural nedirky policies, grain quota,
international grain trade, exchange rate, weattmrsumer income, and grain input

cost.

3.3.1 Infrastructure Development Index
In general, infrastructure development increasesadtic inter-regional trade

and may reduce price variability as local pricectiiations could be comforted by
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trading with remote regions that are less affedtgdthe shock. Feinberg (2000)
examines how market-oriented infrastructure affentrket performance for three
developing countries-Colombian, Korea and Morodéeinberg and Meurs (2005)
conduct a similar study for 13 industry sectors Baolgaria, Hungary, Poland,
Romania, and Slovenia. The paper by Yu (2007) edesuthe impact of infrastructure
evolution on prices for 14 broad industry sectarsChina. Those studies quantify
infrastructure to capture the response of pricegtgregate supply and demand trends
in the economy. They also state that market-ortentdrastructure development
promotes market competition by reducing transaction transportation cost on inter-
regional trades. Their results find that markebmef and infrastructure development
do influence domestic prices although the degreienphct depends on development
or transition level of the economy and nature efitidustry.

China’s rural reform policy is characterized byefort to liberalize domestic
grain markets and periodical retrenchment onlisrélizing reforms in 1990s. Sicular
(1995) and Rozelle and Huang (1998) indicate thesé significant shifts in China’s
rural policy might affect market prices as well psce risk. In this study, the
methodology of measuring physical infrastructureelement’ is similar to that
presented by Yu (2007). The proxy of infrastructure development ©hina
incorporates four measurements: the developmentheftransportation (railway
transportation, highway transportation, and air ngportations) and

telecommunication sector, in the past three decatl@is is used as a measure of

11 Definition and measurement of infrastructureyvay literature. Carlin, et al. (2003) define
infrastructure using institutional drpersonal capacities; Demurger (2001) measures infrastructure
using education and health care; Zhuravskaya (2000) and Feinberg and Meurs (2005), Yu (2007) use
transportation and communications as representafiwefrastructure. Index of railway transportation
development is equal to stock of railway locomadivéexcluding steam locomotives)*length of
railways in operation/population; the index of highway transportation development is equal to number
of civil motor vehicles*length of highways/population; the index of air transportation development
equals (numbeof civil airports * number of civil aircraft)*length of civil aviation routes/population;
the index of telecommunication development equalsmber of phones (including cell
phones)/population.
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infrastructure development.

3.3.2 Major Agricultural Marketing Policies

Since 1978 when market oriented reforms and theningedoor policy to
international trade were implemented, China hagp®abvarious policies to promote
free trade of agricultural products. Among thosdicms, some were known as
“retrenchment”, some as acceleration, while otlarsambiguity. Major policies are
illustrated in this section chronologically.

During 1991-92, the central government implememaibnwide policies that
reduced its’ authority over the control of graihldt farmers sell their grain on the
open market after they had delivered over to theegunent their contracted amount
of grain. Many literatures indicate that the referm the early 1990s appear to have
succeeded in increasing the integration of rurah&€& commodity markets. Rozelle
et al. (2008) present statistical evidence on tbsitipe impact of these economic
policies on market integration by looking at themased price variation of rice and
maize among markets across time.

In 1995, the Rice Bag responsibility system wasoohiced in order to
increase grain production. This led to stable gnaroduction and a significant
reduction on short run price fluctuation, accordiog few studies (Findlay and Chen
1999).

China implemented a new grain marketing and statlithg policy in April
1998. Individuals and private companies were pritdabfrom purchasing grain from
farmers directly. Commercial bureaus and the greserve system should be the only
ones to purchase grain from farmers. This grainketarg policy raised a lot of

concerns and debatamong policy makers and scholars (Findlay and Chen 1999;
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Nyberg and Rozelle 1999). The direct reasons f@8Xreform are an excess supply
of grain production, low price and large deficitthvstate grain agencies. A positive
impact on aggregate price risk index is anticipated

It was widely discussed that China’s WTO accessiddecember 2001 would
have both positive and negative impacts on the dtmagricultural market. It would
lead to rising grain imports as the Government epelow-tariff import quotas for
rice, wheat, corn, cotton, sugar, and wool and edstinrough further reforms in
China's grain distribution and circulation systerlso increased import of
agricultural products that are land-intensive wotlelp readjust the agricultural
infrastructure in areas with a shortage of landueses. However, China’s grain
prices were generally higher than internationalrgpaices and China’s agriculture is
predominantly composed of small-scale farming, Wwhiseems vulnerable to
competition from larger international farmers. Qalkithe expected impact of China’s
WTO accession on domestic grain market, and tham girices, seems ambiguous.
Policy variables are introduced into the econoroetrodel as dummies to capture the

time span when a significant agriculture policy waplemented.

3.3.3 Procurement Quota

There are different opinions about possible impaxftprocurement quota
guantity on grain production, according to Summet Rozelle (2002). On the supply
side, there are many theoretical and quantitatiudiss on the possible impact of
procurement quota quantity on grain production (Lin 1993; Putterman 1992; Wang,
Huang, Sumner, and Rozelle 2002). However, littlehe literature has focused on the
possible effect of mandatory quota policies onrggaice risk. This chapter presents

the first effort to measure the impact of quotagoain price risk.
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Since the open-door policy reform in 1978, thetredaimportance of quota
purchases has continually decreased. After themeiio 1985, the new national quota
was only about 10% of national total production.eTiest of government grain
requirements were to be purchased directly frooméas at negotiated prices (Wang
and Davis 2000). During later 1990s and early 2008sn procurement system was
eliminated in most of provinces and in 2004-200%s teystem was abolished
nationwide. However, as a policy instrument, thanges of annual delivery quota
affect farmers’ production behavior both in therstberm and in the long term.

Wang, Huang, Sumner and Rozelle (2002) test trectelif the quota on the
market price by assuming a price signaling eff€bey speculate that a government
leader who is responsible for maintaining food picicbn will adjust the quota levels
to induce farmers to produce more or deliver moréhe government if he observes
either falling market prices of the output or rigiprices for inputs. Following Wang,
Huang, Sumner and Rozelle’s assumption, we shéatl dig the possible effect of the

procurement quota on market price risk.

3.3.4 Degree of International Trade Participation

International trade is considered as a measurermokrdegree of market
integration between Chinese and global marketsinQuthe last 30 years under
market-oriented reform, China’s volume of interoatil grain trade has increased
significantly while the proportion of grain trade itotal international trade is
decreasing over time. Long (1999) argues that iinegppropriate for previous
researchers to pay little attention to the impaictinternational trade on China’s

domestic market and to believe that the internatignain trade is just a small portion
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of domestic productidi. Long demonstrates a substantial influence ofrmational
grain trade on China's domestic market by providitigng empirical evidence from
the wheat sector, with wheat imports accountingafmund 30% of market suppfy
the contribution of import variation on total supplariation in the domestic market
was more than 50% in most years from 1980s to 1986d there is a strong
correlation between wheat imports and domestiepritore literature has discussed
how the Chinese government has used internatioaakeh to maintain a domestic
market equilibrium such as Long (1999), and Wu @00

Inspired by Long (1999) and Wu (2002), this papealgates the impact of
China’s growing patrticipation in the world agriauial market on domestic grain
prices risk by extending the scope from a sing&rgto grain portfolio. The ratio of
total volume of grain trade over total volume ofigr production is chosen as a
measure of the degree of China’s participation orldvgrain trading. Theoretically
this candidate variable is expected to come ouptiee risk model significantly but
the sign of the coefficient is ambiguous which deseon the price elasticity of
supply and demand. Furthermore reasonable laggéettebf the degree of

international trade participation on domestic giaiice volatility is anticipated.

3.3.5 Foreign Exchange Rate
After a long period of fixed exchange rate with thés., in 2006 the Chinese

government let Chinese yuan appreciate, under ymeegsom the U.S. government

12 According to Long (1999), the reason for this appadiscrepancy is China's dualistic economy with
a highly autarkic agricultural sector. Because oolye-third of total production enters market
circulations, the remaining two-third of the gr&rconsumed by rural households themselves.

13 According to Long (1999), annual wheat importsavenly about 10% of domestic production,
but they accounted for approximately 30% of theka@supply. The ratio was quite high among
the world's other countries.
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due to the large trade deficit between the two ttes1 The Chinese government
worries that the appreciation of the yuan wouldadtice more price pressure on its
domestic market since the imported goods will beagler as the domestic currency
appreciates, forcing domestic producers of the imnpompetitive good to decrease
prices as well. That is, foreign exchange rate ghamwill not only affect import and
export prices but will also affect domestic pricé¢raded goods.

After China’'s WTO accession in 2001 more wheatngcoice, soybeans, and
other agricultural commodities were imported moue do their higher prices on the
domestic market. Chinese farmers face strong catiggetrom cheap imported grain
products, after 2001. This makes them more vulheribeconomic uncertainty and
risk.

Yu (2007) sheds light on the effect of the effeetéxchange ratéfluctuations
on domestic prices by examining the linkage betweamency-value changes and
annual price index of 14 broad industry sector€mna for the years 1980-2002.
However, Yu’'s study doesn’t include agriculturattees and only explains how the
changes of exchange rate affect the price levak $tudy examines the impact of
changes in the effective foreign exchange rate ajomgrain prices risk in China.
Also a time lag is expected between the changeom@ign exchange rates and its’

effect on domestic grain prices.

3.3.6 Weather Impact

4 A nominal effective exchange rate index is theghtsd average of a country's currency
relative to an index or basket of other major cucres (expressed on the base 2000=100). A real
effective exchange rate represents a nominal efeeekchange rate index adjusted for the effects
of inflation of the home country, selected courdnd euro area. The weights are determined by
relative trade balances, in terms of one countylisency, with each other country within the
index. In both cases of the indices, an increaskdrindex reflects an appreciation. See IMF web
site for effective exchange rate explanation Httpuv.imfstatistics.org/imf/IFSExcha.htm
37




The effects of weather conditions on grain productiave been found to be
significant in both agronomic and econometric stadiModern technologies such as
massive water control infrastructures, advance tsypuake crops more robust in
unfavorable weather but the impact of weather iit gtucial given the nature of
agriculture industry, especially the grain sectdioch is more vulnerable to weather
change. Most studies on impact of uncertain weatt@mnditions on Chinese
agricultural grains focus on the volatility of esthgrain yield or product growth
(Kueh 1983; Carter and Zhang 1998; Bai, et al. 2010). Little research has been done
to analyze the possible influence of weather-rdlatectors on aggregate price
volatility for major grains in China.

This study quantifies uncertain weather conditiosmg two types of weather
variables: one is percentage of disaster areasteffeby flood and/or drought in
China, which represents temperature and precipitdéictors, and the other is sunspot
activities index as a representative of solar tazha A positive lagged relationship
between adverse weather conditions and price lbjais expected to reflect the
indirect contribution of weather on grain pricesi&aon via grain production.

The influence of temperature and precipitation cairgproduction and hence
prices have been widely discussed and well accaptpeevious literature. Recently,
the effect of sunspot activity on production as Ilwa$ prices of agricultural
commodities has gained a lot of attention. Williktershel discovered the effect of
sunspot activity about 200 years ago: the solalecgffects climate and crop growth
on earth by changing levels of cloud cover. Lowanspot activity indicates lower
yield and then presumably higher commodities pri8eth agronomic studies and
econometric studies have identified solar radiaisran important yield determinant

(Daughtry, etl. 1983; Dixson, et al. 1994).
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3.3.7 Other Factors

Agricultural seasonality in planting and harvestisgwell observed in the
agricultural economics literature as an importaattdr for commodity price
variations. Previous research has confirmed thegmee of strong seasonality in price
volatility and also indicated that volatility of agultural commodity prices have
shown similar trend during the same period (Chamibt al. 1981; Deaton and
Laroque 1992; Moschini and Hennessy 2001; Hale et al. 2013). In particular,
volatility appears to peak in the summer monthsnimst agricultural commodities.
However, there is little literature investigatinget seasonality pattern on aggregate
price risk over commodities. In China, the four anagrops (rice, wheat, corn, and
soybeans) are partly substitutable in terms of pcodn and consumption. Similar
growing cycle of a group of grains is expectedrftuence the volatility of prices
over the course of a calendar year. Typically @rd soybeans are planted in similar
seasons, and have similar land requirement (saerd=811 and Figure 3.2). So we
investigate whether or not a seasonality patterst&xn aggregate price risk of key
grains.

In addition to the factors already discussed, ofhetors such as input cost,
and income per capita may also play a role in exfing grain price volatility. Input
cost could impact grain price on the supply siddalevincome per capita could

contribute to price variation from the demand side.

3.4 Data and Model Specification

In order to evaluate and understand the impackeypivariables on aggregate

price risk for major grains (rice, wheat, corn, @aoybeans) in China for the period of
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1986 to 2007 as outlined in the previous sectiba,gaper collects a number of data
from broad sources respectively.

Dependent variables are monthly level aggregateepisk indexes for the
four major grains, which are constructed usingraéigve approaches in Chapter 2 of
the thesis. Monthly nominal and real effective exwle rate indexes are from the
International Finance Statistics (IFS). Annual dafarailways, highways, aircratft,
telecommunication as well as population needed dalculating an index of
infrastructure development are sourced from Nati@weau of Statistics of China.
The infrastructure development index is the straigiherage of these four index
components. Annual grain procurement quota datzaltected from a survéythat
was conducted in 25 counties in Zhejiang, Jiangsd, Sicuan provinces in the late
1990s°. Annual data collected from China Statistical Yemk, National Bureau of
Statistics of China include import and export vokurof rice, wheat, corn and
soybeans, drought and flood area data, and incanegpita. Both the level and
standard deviation of monthly sunspot activitiedeix are from Solar Influences Data
Analysis Center, NASA. Average annual major inpustc (labor, seeds, and
fertilizers) of these four grains comes from Minysbf Agriculture of the People’s
Republic of China. Since monthly granularity daanot publicly available for those
annual level variables, for this analysis purpasenthly level data is calibrated by
replicating annual value for each month within year.

In this study, a time series multivariate regressmodel is employed to

!5 The author acknowledges Dr. Dewen Wang for progidhe survey data, which was collected
for the study of “Quota and Grain Production in i@&ii with J. Huang, D. Sumner, S. Rozelle
Agricultural Trade and Policy in China: Issues, Aygs and ImplicationsThe Chinese Economy
Series, Ashgate Publishing. ISBN 0-7546-3223-7. tQumlume collected from 25 counties in
Zhejiang, Jiangsu, and Sicuan provinces as a reped/e of China’s quota distribution and
variation.
16 Quota data is only available up to 1997. Quota daf098 and onwards are assumed to be 0
given that procurement quota system across proviwidin China was abolished gradually since
later 1990s.
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examine whether a set of variables affects aggeegaice risk index of grain
commodities. Lagged dependent variables are spddifi describe the mean level of
price risk movement as we can see in most finapcieé time series models. The rest
of candidate explanatory variables could enterrtioalel in the form of the level,
change of level, variance, or a mix of those, whitgpends on character of the
variable. Infrastructure development index is ex@eédo come into the model with
the level due to the gradualness of Chinese ecoramdymarketing reform. For those
continuous economic variables such as effectivba@xge rate, grain quota, degree of
international trade participation, and weatheralalgs that may influence price, their
variations potentially affect price risk. For exdmpif price,P, is related to

continuous variablesZ , as P = Zf, the price riskV, may be related to risk of Z,

simply asV, = 8"V, 3, whereV, is covariance matrix of risk for Z. This suggests

that price risk is increasing in variances of Zri&aon of annual variables could be
simply defined as change of value across yearsewfatiation of monthly variables

could be measured elaborately by time series matelsdefined as variances of the
time series. The approach for estimating the mgnthftiance of explanatory variable
could be either univariate GARCH, M Het model, caditional Naive approach

introduced in Chapter 2. Yearly dummies are intoedlias part of the explanatory
variables to indicate when the major policies wienplemented. Monthly dummies

are incorporated into model of aggregate price ilistex to capture potential

seasonality pattern.

Thus the price risk explanation model is specifigd

1 More generally, we could specify an autoregressiigtributed lag (ADL) model with lags in all
explanatory variables as well as in dependent birjd/P . However we adopt this simpler

model due to degrees of freedom and multicolingg@roblems.
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m n w 11
VR =B, +> BVR, +3 B,x; +> [Policy +) Smnth + &, (3.1)
i=1 =1 k=1 1=1

Here VP is the monthly aggregate price risk index of foammodities (rice,

wheat, corn and soybeans) in China; VR_; is lagged dependent variable; X, denotes

candidate explanatory variables in the form of either level, change, or variance;

Policy, is dummy variable representing the impact of impatation of major policy
reforms and mnthdenotes monthly dummieg3s are coefficients to be estimated,

and ¢, is the error term for time t.

3.5 Results

The results are split into three sections. Firstalgical procedure and
statistical approaches are introduced. Next, ecetdcnresults for VB model (a
Torngvist type aggregate of individual GARCH pricsk and correlation) are
particularly focused on because it is generatexdgugrecise approaches of interest in
this study. Thirdly, the estimation results are paned across alternative models for

further understanding of aggregate price volatility

3.5.1 Preliminary Testing

First, both Augmented Dickey-Fuller (ADF) and Pip#l-Perron unit root tests
are conducted for monthly level time series inahgdall price risk indexes, effective
exchange rate, and solar radiation indexes. Thetésts show similar results that all
monthly variables (except sunspot activities) dedi@nary at level. Table 3.1 shows

results of the tests.
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Correlations among explanatory variables are loabld 3.2). This suggests
that multicolinearity is not likely to be a serigoblem.

The study then considers the correlogram for agdgeegrice risk indexes to
identify the lag of dependent variable by lookirtgaatocorrelation function (ACF)
and partial autocorrelation function (PACF) pldts.shown in Table 3.3.a, price risk
index VP°"® displays the classical pattern for AR (1) procesih the
autocorrelations dying out across lags and theigbarbrrelation coefficient being
significant only at lag 1. Tables 3.3.b to 3.34play correlogram plots of aggregate
price risk indexes constructed by alternative appnes. Aggregate price risk index
measured by other approaches also show similar ARReps pattern as V¥'¢

except for VP°™ and vP°™M,

3.5.2 Basic Results

The parameter estimates of the time series muliteamodel are reported in
Tables 3.4 to 3.6. Final estimates of the major ehaxf interest with dependent
variable VP°"® a Tornqvist-type index of aggregate price risisdsthon GARCH
estimation for individual prices are reported ire thirst column of Table 3.4. The
variables of interest include infrastructure depebent index, change of procurement
guota volume between current year and last yeamith lagged variance of nominal
effective exchange rate index, 6-month lagged stahdeviation of sunspot activities
index, 6-month lagged of degree of internationatlér participation, policies dummy
presenting nationwide policies that reduced itshartity over the control of grain in
1991-92, policy dummy presenting implementatiorRafe Bag responsibility system
in 1995, and policy dummy presenting the executba new grain marketing and

stock-holding policy in April 1998.
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Most coefficients of interest in the VA° model have the expected signs,
reasonable lag, and acceptable t-ratios. The caefti of infrastructure development
index is significantly negative, suggesting thamestic trade liberalization helped
reduce price volatility. The coefficient of changé quota volume, variance of
effective exchange rate, and standard deviatiorswsf spot activities index are
significantly positive as expected. The degree miérhational trade participation
influences price variation significantly in a pog# direction, which aligns with the
assumption outlined in previous section. The codfit of 1991-92 and 1995 policy
dummies have an expected sign and reasonables$-ra&spectively. The coefficient
of 1998 policy is reported with a negative signeapected though insignificant,
suggesting perhaps some positive influence to idatility. Relatively large t-stat
of most coefficients on monthly dummies suggestasseality. The pattern of
seasonality based on VW° model is shown in Figure 3.3.a. Higher price vititgt
occurs from April to July, which is associated withcertainty about supply during
planting and growing seasons; lower price volatility occurs during harvest season,
which is from August to November.

Aggregate price risk indexes constructed using rradté/e approaches
presented in Chapter 2 are also explained by ubmgame set of variables as in the
VP™™M® model. Estimation results are also presented beTa.4. Columns two and
three also use a Torngvist-type index of aggregate risk, but risk for individual
prices are estimated from the Multiplicative Hetadasticity (M Het) model and
the Naive models, respectively. Coefficients of itien variables of interest have the
same signs (wWhere reported) in the'¥ model, with fewer coefficients statistically
significant. The last three columns are for modedsg the simpler (theoretically

incorrect) approach where risk is measured direftthyn aggregate prices. Again
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coefficients of the main variables have the sarmgessas in the VEB™® model, but
fewer coefficients are statistically significant.

Elasticities at the meatfsfor major explanatory variables of each alterrativ
models are reported in Table 3.5. Elasticitiesdlbrmajor independent variables are
less than 1 and among those variables of intepdsthge of quota volume and
standard deviation of sunspot index have relatilaeiye elasticities across models.

Figure 3.3.b to Figure 3.3.f plot estimated co&fits on monthly dummies
from alternative models respectively. Correlationoag seasonality estimated from

different models is reported in Table 3.6. HerenbgpP™™

(M Het measure of price
risk), VP™ (Naive measure of price risk), and VPN (aggregate price risk
measured by Naive model based on Tornqvist priteindex across commodities)
models show similar seasonality pattern as®V®model.

Modeling comparisons using two subsets of explagatariables for VB¢

model are reported in Table 3.7. Dropping monthiynchies has little impact on R-

square and the value of the Log of Likelihood Figrct

3.5.3 A Comparison of Models using Two-Step and Sppte Measures of
Aggregate Price Risk

This thesis has argued that aggregate price rigkldtbe measured by a two-
step approach: first estimate price variances apdar@ances for individual
commodities (most typically by a multivariate GARLHind then aggregate these
price variances and covariances using an extensiomdex number theory. The
aggregate price risk index VA ®follows this approach, using a Tornqvist-like index

number procedure. This approach avoids serioussedoe to contemporaneous

18 The elasticity at the means is the point esBmatf the coefficients scaled by the mean of the
dependent variable divided by the mean of the regressor; the formula to calculating the elasticity at
means is coefficient on X * Mean(X) / Mean(Y).
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aggregation of GARCH models and also applies arétieally correct index number
approach to aggregate price risk. In contraststhadard approach has been used to
aggregate price and then estimate the variancheohggregate price index, e.g. by
estimating a univariate GARCH of aggregate prieehsas a Tornqvist price index.
VP™™MSCfollows this approach. This approach has been imefged in the literature
about aggregate risk, e.g. econometric literatw@aiing volatility of aggregate
stock market returns in terms of economic fundaalent

However there have been no empirical comparisortbasfe two approaches
in explaining price risk. This study now condudte tfirst such comparison. Table
3.8.a-c conducts this comparison, using'¥¥® and VP°"¢ Table 3.8.a compares
explanatory models based on these two alternati@sores of aggregate price risk,
using common independent variables and lags, wéiehthe union of all variables
and lags in Table 3.4 for models using™V® and VP° "¢ R-square is 0.78 for the
model explaining VE™®but only 0.23 for the model explaining ¥PC Although
these results are suggestive, R-square does natera clear comparison since the
two models have different dependent variables.

A more appropriate approach is to compare valugbefikelihood function
for the alternative models. Log of likelihood furoet (LL) is 1510 for the model
explaining VP°"®but only 972 for the model explaining VWS¢ Such a comparison
provides a more suitable criterion for model sebectand favors the more
theoretically correct approach using Vg

One possible explanation for the difference inneated LL is simply that
VP™™"%is more highly autocorrelated than Y#°¢ so Table 3.8.b drops lag of price

risk from both models. This does not substantiaignge results: LL is 1395 and 960

¥ There is no need to adopt (e.g.) an Akaike InfaionaCriterion (AIC) since both models have
identical explanatory variables and lags.
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for the models explaining VB"®and VP> respectively.

Finally, we are primarily concerned with how welblgy variables (not
monthly dummies) are related to risk, so Tablec3d8ops both lag of price risk and
monthly dummies from both models. Again this doessubstantially change results:
LL is 1390 and 950 for the models explaining™®and VP°"C respectively.

In sum, using value of likelihood function as atemia for model selection,
models based on V#"® provide a better fit and are selected over modateth on
VP™™SC This is the first empirical comparison of the tapproaches, and results
conform to theory.

The above comparison was based on GARCH estimafiable 3.9.a-c
provide a similar comparison of the standard andentleeoretically correct approach
based on M Het (Multiplicative Heteroskedasticitg3timation. Again the more
theoretically correct approach is selected, butdifferences in likelihood functions
are less dramatic than for GARCH estimation. Thesyrwell reflect that errors in
contemporaneous aggregation are more severe forGBARodels than for M Het
models.

Then Tables 3.10.a-c provide similar comparisorntheftwo approaches based
on naive estimates of price risk. Here likeliho@dues are actually higher for the
simpler approach. This may largely reflect that tiadve estimates of risk are not
based on econometric estimation and hence the esim@ive approach does not
involve misspecification of econometric models.

Finally, it is interesting to compare models basedGARCH and M Het.
Tables 3.11.a-c compare models with two stage ggyom of risk and GARCH
versus M Het estimation, e.g. VP versus VP"™. In all three tables the log of

likelihood function is higher for VB™® than for VP®™. So the model with GARCH
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estimation is selected over the model with M Héinsestion.

3.6 Conclusion

This study examines key factors that might inflleeaggregate price volatility
for major grains. This study suggests that infradtire improvment helps reduce
grain price volatility, and that volatility of folgn exchange rate, variation of sun
activities and participation in international tradentribute to price risk of major
grains. Government policies like reducing authoowgr the control of grain in 1991-
92 and implementation of Rice Bag responsibilitgteyn in 1995 apparently help
stabilize grain price volatility, while previousixisting grain quota policy apparently
makes prices more volatile. Results also suggesetis strong seasonality pattern on
aggregate price risk, which is stronger during tiegh and sowing season while
weaker during harvest season. Finally, comparisdnesults across models suggest
that it is important to aggregate price risk propeviodels based on a Torngvist-type
index of aggregate risk have a better fit than nwt@sed on a simple univariate
GARCH for aggregate price.

If data is available, future research could be mwpd as follows. First of all,
the study could consider more explanatory varialftes instance, China’s grain stock
volume may buffer between domestic supply and deimamd then reduce price
variation. Several studies consider the potentrapact of energy prices on
commodity prices. Growth of the middle classes mn@ may increase price on the
supply side either by increasing demand directlyndirectly via increased feed for
live stocks. Secondly, in this study, some annuglamatory factors tested (such as
income per capita, average input cost, grain impare not statistically significant,

and this may reflect data problems. Additional raiten could also be given to
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modeling panel data to capture risk response vamiaicross regions within China.
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CHAPTER FOUR: EXPLAINING PRICE RISK AT DISAGGREGATE LEVEL
FOR MAJOR AGRICULTURAL COMMODITIES IN CHINA

Abstract

This study is an extension of the previous two tr@pby explaining price
risk at a disaggregate level. Price variances avdrances are modeled using both
Ordinary Least Squares (OLS) and Seemly Unrelategrdgsion (SUR) techniques.

Results are broadly consistent with the resultsgmted in previous chapters.

Keywords: China’s Major Grains, Disaggregate Price Risk, niigeUnrelated

Regression, Ordinary Least Squares

4.1 Introduction

Aggregate price risk indexes of grain portfolioluding rice, wheat, corn and
soybeans in China are constructed based on pritaneas and covariances using
superlative approaches in Chapter 2, and thenxgtaieed by multivariate regression
using important economic and non-economic factor€hapter 3. Since the markets
for the main Chinese grain crops (rice, wheat, camd soybeans) operate in the
similar way and are subject to the same grain @dsjaeforms, and similar degree of
government intervention (Wu and McErlean 2003)isitappropriate to investigate
grain price risk at the aggregate level. Given sale of these four core grains’
contribution to China’s agricultural economy, it aéso important to examine and
understand price volatility at the disaggregateeldwy analyzing individual price

variances and covarianc®slt is well known that the mean level of grain prits

20 Individual monthly time series of price variancesl @ovariances of rice, wheat, corn, and soybeans
are used in constructing the aggregate price nd&xes in Chapter 2.
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responsive to changes in variables such as goveitnpmicies, income, and input
cost that shift demand and supply curves in theketaHowever, what is not known
is how those variables influence price risk, dtaitan aggregate level or disaggregate
level. Do key factors that have significant inflaes on aggregate price volatility also
have similar effects at the disaggregate level?sDbe impact of marketing factors
such as marketing evolution and grain policies oicepvolatility vary by grain
product? What does the seasonal pattern of indavidop price volatility look like?
However, little quantitative information is availatpublicly. This chapter is the first
study of these matters.

Most studies of commodity prices have estimatedlstequation models (for
example, Mastrangelo 2007, Du and Wang 2004). When the single-equation
framework is adopted in this study, several equatiae estimated separately by (for
example) Ordinary Least Squares (OLS) assumingpigrddence among grain price
variances and covariances. However, this assumpgems unrealistic, as prices are
influenced by common variables on both productiod eonsumption sides. Hence, it
is rational to expect that those individual equati@re interrelated and the single-
equation framework is less efficient than a sysegproach (Zellner 196Dwivedi
and Srivastava 1978).

In contract to the single-equation framework, Seefthrelated Regression
(SUR) method estimates the parameters of a setexfudtions jointly by accounting
for contemporaneous cross-equation error correlaral allowing the N equations to
have different sets of explanatory variables. M@ Perron (2006) provide a
comprehensive theoretical review on the classiddR Snodel and its’ extension.
Greene (1990) illustrates SUR models and assocegtohation methods. There are

two main motivations for use of SUR. The firstasdain efficiency in estimation by
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utilizing information across equations. The secangortant feature of SUR is the
capability to impose and test restrictions on pat@ns across equations. A large
amount of literature exists on the application &RSmodels in agriculture (for
example, Miller 1979; Reed and Riggins 1981; Streeter and Tomek 1992; and Barnes
and Shields 1998However, apparently SUR has not been used to nyodsd risk
for multiple commodities. Here equations explainiad price variances and
covariances are estimated jointly by SUR. The rati@ for applying SUR lies in the
fact that those grains (rice, wheat, corn, and sagb) have a tight relationship in
terms of production and consumption in China. Comrfaxtors likely to influence
price variances and covariances include weatherkehag shocks, and agricultural
policies. These may induce correlations betweertjuations’ error terms. This study
is the first attempt to quantitatively explore grigolatility systematically for core
grains in China.

The rest of the Chapter is organized as followse Tibst section presents
model specification for the analysis of disaggregatice risk of major grains in
China. Second, both Ordinary Least Squares (OLY) Seremingly Unrelated
Regression (SUR) techniques are applied to modetdaiaing individual price
variances and covariances. The last section coesludth the main findings of the

study and suggestions for future research.

4.2 Model Specification

SUR can be summarized as follows. Consider M regresquations
Y =X B +& (4.1)
i =1,...,M equations with T observations

with contemporaneous covarianaesv(g, ,£;) = 0; -
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Stack the M equations as

yl Xl O O ﬁl gl
y2 — O >(.2 O ﬁZ + 2 ] Zﬂ
Yu 0 0 - Xyl Bu Ev

which can be re-written compactly¥as XB+e
The contemporaneous cross-equation variance andariange matrix

formulation is:

Ulll 0-12| 0-1M|
var(e) = az.ll Ol
Oyl Oym |
(4.3)
o, l o, - oyl
_ U?ll 0'2'2| al..,
Oyl Oym |
=204 =¥

where Z is a positive definite symmetric matrix, arid is the Kronecker

product and 1 is an identical matrix (TxT). The @sgtion of the model is that error
terms &, are independent across time, but may have crasstieq contemporaneous

correlations.

The SUR Generalized Least Squares (GLS) estimétBri® given by:
Bors = (XWX)EXWY
(4.4)
In equation (4.4) coefficient estimates of an imdisal equation depend not
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only on its data but also information from otheuatipons. SUR estimates differ from
single-equation OLS estimates if there is contem@peous covariance (and
explanatory variables are not identical across ®ojs), or there are cross-equation
restrictions on coefficients. Efficiency gains lUR depends on magnitudes of the
contemporaneous covariances.

The SUR model system for explaining disaggregatexk pisk consists of ten

single equations for rice, wheat, corn and soylheans

VarP' =} + iZ::,B{Varﬁ’r_i + IZ:‘,B[ X, + kZ:,Bkr Policy, +§,8{ mntH +&/ (4.5)
VarR" = g8 + ierl‘,Bt”“'\/arl?KVi + gﬁijrt” + kZVZ;,BlfvPolicyﬁV +2 B'mnth' +&"  (4.6)
Vark® = 5 + il BVarF, + ; B +§ BePolicyt +§ Brmnttf + ¢ @.7)
VarP® = g5 + Z::,Bf\/arl?fi + éﬁfx; + éﬁfPolicyﬁ +§ gemnthf + &7 (4.8)

CvarR™ =g + i,ﬁ’{WCVarE{Vi” + iﬁ{wx;tw + iﬁngolicy,;W +i B mnth" + g™
En e = En
(4.9)
CVarR” = g;° + i B‘CVarR + Zn: B Xy + i B Policyy +i B mnth° + &
= = p=] En
(4.10
CVarP® = g7 + Zm: BlECVarks + Zn: BEXE + ZW: BePolicy® +i BrEmnth +&°
= i=1 k=1 1=
(4.11)
CVarR™ = 3 + i B CVarP'® + Zn: Bl + i B °Policy,° +i B mnth + &'
En = =] En

(4.12)
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m n w 11
CvarR™ = B;°+ " B"CVarR + Y B°Xy* + " B*Policy,® +>_ B mnth" + £
i=1 j=1 k=1 1=
(4.13)
m n W 11
CVarR™ = B+ > BECVarks + " BoX + 3 BEPolicyl® +> | Bomnthf® + £
i=1 =1 k=1 I=1

(4.14)

Here superscript r, w, ¢, s, denotes rice, wheatnh,cand soybeans
respectively; VarP" is variance of rice price at timg VarP" is variance of wheat
price, VarP® is variance of corn priceVarP’is variance of soybeans price,
CvarP™ is covariance of rice price and wheat pri@/arP* is covariance of rice
price and corn pric€&VarP”® is covariance of rice price and soybeans price,
CVarP™ is covariance of wheat price and corn pri€@yarP™ is covariance of
wheat price and soybean pricVarP” is covariance of corn and soybeans prices,
VarR_, or CVarR, is the lagged dependent variables for variance cavériance
respectively; X, represents candidate explanatory variables infdhmat of either
level, change, or variance; Policy, stands for dummy variable representing the impact
of implementation of major policy; mnthdenotes monthly dummy; B's are regression

coefficients to be estimated; and &, is the error term for time t. These ten regression

eguations are estimated separately by OLS andyjdigtSUR.

4.3 Results

The results are presented in several sectionst, Fegression models are

estimated separately equation-by-equation using ©l#hieve the best specification
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for individual price variance and covariance equai Then, SUR is used to estimate
the 10 equations simultaneously. The estimationulteesobtained from both
approaches are discussed and compared. Furthermparameter restrictions are
tested across equations and the results are cothpéite results for aggregate risk
model in Chapter 3.

Data used in this study are adapted from previoch@p€r 2 and Chapter 3.
The analysis is from January 1987 to December 20@7e monthly level. Dependent
variables are monthly price variances and covaesnor rice, corn, wheat, and
soybeans, which are calculated by superlative tep-approach and univariate
GARCH modet! in Chapter 2. Explanatory variables include ecoicoamd non-
economic variables described in detail in Chapter SBatistical analyses are
undertaken using the software Shazam and Eviews.

The correlation coefficients among price varian@sl covariances are
reported in Table 4.1. The results show that irthlial price variances and covariances
are positively correlated and half of correlatiarefficients are great than 0.5. This
implies that all price variances and covariancevaertogether on average, however
the degree of movement varies across commodities.ekample, the correlation
between variance of rice price (VanPand variance of wheat price (VarPis 0.39
while the correlation between variance of wheatgVarP ) and variance of corn
price (VarP) is only 0.09.

First, both Augmented Dickey- Fuller (ADF) and Mpg-Perron unit root

tests are implemented to test stationary of morghlye variance and covariance time

2L Price variance and covariance measured by superlato-step approach and univariate GARCH
model are chosen for this disaggregate level aisafgs several reasons: GARCH model has been
popubr to deal with time series data; GARCH model fits the price mean and second moment well
according to Chapter 2; secondly, aggregate price risk indexes constructed by GARCH model has
better statistical performance according to Chapterhe superlative two-step approach measuring
time varying price variances and covariances dadek to Bollerslev (1990), and is extended by Engle
and Sheppard (2001), and recently revisited by &(2002)
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series. Test results are presented in Table 4r®larable 4.2.b. Both unit root tests
reject the null hypothesis of unit root in the lefa@ all dependent variables except
for price covariance between corn and soyb®af®r the covariance of corn price
and soybeans price model, both dependent variaideiradlependent variables are
specified as a first difference.

The study then conducts the correlogram plot td time appropriate lag for
each dependent variable based on autocorrelatioctifen (ACF) and partial
autocorrelation function (PACF) plotas shown in Table 4.3.a to Table 4.3.j, most of
price variances and covariances display the clalssi@aracter for AR process with the
autocorrelations (ACF) decaying fast across lags] @he partial correlation
coefficient (PACF) becomes zero after lag 1 or 2.

Initially OLS is applied to estimate equations {4t (4.14) separately. The
model describes individual price variances and gamaes as a function of potential
explanatory variables that have been defined asdudsed in detail in Chapter 3.
Explanatory variables include lagged dependentisbes, infrastructure development
index, major agricultural marketing policies, charaf grain quota volume, change of
international trade participation index, standaedidtion of sunspot activity index,
and change of income per capita. OLS estimationltseare reported in Tables 4.5.a
to 4.5.e.

The specification of lagged price risk in eachlaf ten price risk equations by
itself implies differences in explanatory variabé&soss equations, so SUR results are
not identical to OLS. Gains in efficiency for SURepknd on magnitudes of
contemporaneous covariances of disturbances. Se dritical to test if these

covariances are statistically significant. Firbe torrelation coefficients between the

22 KPSS test is also applied to confirm the unit rpotblem for the covariance of corn price and
soybeans price. KPSS test results indicate thatntle hypothesis of stationarity is rejected at
conventional levels of significance. So there islernce of unit root for this time series.
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OLS residuals from different equations are checKée. correlation matrix, as shown
in Table 4.4, indicates that residuals for severlations are moderately or highly
interrelated. For example, residuals for varianéesoybeans price (VaipP and
variance of wheat price (VatlPshow a correlation coefficient 0.70, and residifar
covariance of wheat and corn price (CVé&rPand covariance of rice and corn price
(CVarP®) show a correlation coefficient 0.57. Second, lth&range-Multiplier te$t
suggested by Breusch Pagan (1980) is used toaesbhtemporaneous covariance.
The null hypothesis is about the absence of noetopbraneous correlation of errors
across equations. The calculated Chi-square with D4B. equals 1743.5 (p-
value=0.0000). So the null hypothesis is rejec&dany reasonable level of
significance.

Tables 4.5.a to 4.5.e summarize SUR as well as &3tiates for all ten price
risk models. Durbin-H statistics generally implyathzero autocorrelation is not
rejected?® OLS and SUR methods vyield close results in terfsigns as well as
magnitudes. Estimated standard errors of coeffisigenerally are lower using SUR
than OLS, as expected.

Eight out of ten price risk models show reasona@uedness of fit, with R-
squares varying from 0.60 to 0.90 (the equationcimvariance of corn price and
soybeans price (CVar® has a R-square 0.18). The estimated coeffici€mhast
explanatory variables of interest show expectedssigpnsistently across individual
price risk models. Moreover general insights ol@difrom this disaggregate analysis

are similar to those from the aggregate level amlin Chapter 3. The impact of

n i-1
% Breusch and Pagan’s (1983Grange-Multiplier test is/]L,\,I ZTZZI‘”Z whereT is the sample
i=2 j=1

size, I is number of equationa in the SUR systd’[j%,denotes squared correlation.

% R-square and adjusted R-square are not usefiidividual equations within an SUR system since
all equations are estimated simultaneously.
58



infrastructure development index is negative, whiaplies that the improvement in
marketing efficiency measured by domestic physidahstructure over time helps to
stabilize grain prices. Change in the quota volunajance of effective nominal
exchange rate, variation of international tradetippation degree, and change in
income per capita have positive signs as expeuwtbith suggests that an increase in
these variables generally leads to increased pidatility. Standard deviation of
sunspot index shows a positive relationship witbeprisk, although the coefficient is
insignificant. Estimated coefficients for policy dmies (representing nationwide
policies that lessen the government’s authorityr dlie control of grain in 1991-92,
implementation of Rice Bag responsibility systen1#95, and the execution of a new
grain marketing and stock-holding policy in Apri98) generally have expected
signs but not always statistically significant.

Monthly dummies are included in each price riskagoun to capture potential
seasonality effects over the course of a yeahdnctise of price variances, almost all
monthly dummies are statistically significant, icaling clear seasonality. However
the pattern seems distinct due to the unique sabgwowing cycle of each crop.
Figure 4.1.a to Figure 4.1.d plot monthly seastyalattern for price variances. In
general, price variations are observed higher dungoanting season which is
associated with uncertainty on weather and marRéts.rice price variance (V)P
peaks in April and July which is the main seasanpianting single crop rice and
early double crop rice respectively in China. Thgbeans price variance (VayRs
slightly higher from March to May, which is the maeason for sowing soybeans in
China. The seasonality pattern of price covarainaes less clear in terms of
biological cycle of crop production. Monthly dummiare not statistically significant

in most price covariance models. However corretatibetween seasonal patterns
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from covariance models are high, which suggestsphee coariances move together
on average throughout the year.

Elasticities at the mean for key explanatory vdeslare reported in Table 4.7.
The impact of infrastructure development on disaggte level grain price risk varies
significantly across models in terms of magnitufielasticities. Results suggest that
over the past 30 years, the improvement in margegfficiency (measured by
domestic physical infrastructure including domesbigistics) has especially reduced
risk for the price of rice since the variance o firice of rice (VarP) has the largest
negative elasticity with respect to infrastructdexvelopment index. This is interesting
since rice is particularly important in China’s iagitural economy: rice provides
almost half of China’s grain production accordirmgMational Bureau of Statistics
China. In contrast, infrastructure development dugshave a statistically significant
impact on variance of the price of wheat. Anothey Kinding is that international
trade participation is statistically significant most price risk models, but the
magnitude of the coefficient is relatively smallngoared with other explanatory
variables. Since the open-door policy in later X0@Ad especially China’s accession
in World Trade Organization (WTO) in 2002, the migional trade volume of grains
has grown rapidly. As the world’s leading importard exporter of grain, China’s
participation in international market has had sambal influence on domestic grain
market and hence grain price volatility in differemays. However the low ratio
between international trade volumes to domestiecngpaoduction along with the
Chinese government's grain policies interventiongken the impact of trade
liberalization on price volatility smaller than eeqied. Sunspot activities impact price
variances and covariances similarly. Price variarar®@ more sensitive to change of

procurement quota than price covariances. Furthexrymdien the elasticities obtained
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from disaggregate models are compared to thoseneltédrom the aggregate model
in Chapter 3, on average, disaggregate modelslaayer elasticities.

As mentioned earlier in this chapter, one of theaathges of using SUR is to
test for the equality of coefficients across modé&lse hypothesis of slope coefficient
homogeneity is performed for each key variable sply. F-statistic test results are
summarized in Table 4.8. The null hypothesis opsla@oefficient homogeneity is
rejected for infrastructure development, changeqobta, and international trade
participationat any conventional level; on the other hand, the null hypothesis of slope
coefficient homogeneity is not rejected (at anywvemtional significance level) for

effective exchange rate, sunspot activity, angalicy dummies.

4.4 Conclusion

This study explains price risk at a disaggregatelléor major grains (rice,
wheat, corn, and soybeans) in China. Empiricaleawieé suggests that price variances
and covariances are influenced by key variabldsidiveg infrastructure development,
change of grain quota, variation in effective exgjerate, variance of sun activities,
and international trade. Individual price risk atdmws significant AR process pattern
as well as seasonality pattern over the course ydas. OLS and SUR estimation
methods are applied and their findings are compdtstimated standard errors of
coefficients generally are smaller for SUR than@aS, as anticipated.

Here we mention several possible improvementsuturé study. First, if data
is available including crop specific explanatoryiables such as government policies
related to a specific product or crop level inputocost. This may lead to more
elaborate crop level insights. Second, the findioQghis study are still preliminary
due to the complexity of China’s grain marketingl arade evolution.

61



62



CHAPTER FIVE: GENERAL CONCLUSION

This research compares alternative approaches déasuning aggregate price
risk over Chinese major grains. The superlativeregmte price risk index is
emphasized since it uses index number theory apptely in incorporating both
variances and covariances of price risk. High dati@ns between aggregate price
risk indexes constructed using different outcomangjity indexes are observed. Using
the same output quantity index (Tornqvist-type)gragate price risk indexes are
compared across approaches to measuring priceTitiekempirical results obtained
here reveal positive correlation across alternawgroaches. For GARCH and M Het
models, correlation between superlative aggregaitee gisk indexes and simple
univariate measures are low. Thus the theoreticaliyerior measure of aggregate
price risk is also quite different from the simpheasure, at least with this data set.
As a pioneer study this paper has important impboa for quantifying aggregate
price risk over commodities in the case of Chinesgor grains. Many research issues
still remain.

This study examines key factors that might inflleeaggregate price volatility
for major grains. This study suggests that infragtire development helps reduce
grain price volatility, and that volatility of folgn exchange rate, variation of sun
activities and participation in international tradentribute to price risk of major
grains. Government policies like reducing authoower the control of grain in 1991-
92 and implementation of Rice Bag responsibilitgteyn in 1995 apparently help
stabilize grain price volatility, while previousixisting grain quota policy apparently
makes prices more volatile. Results also suggesetis strong seasonality pattern on
aggregate price risk, which is stronger during tieh and sowing season while
weaker during harvest season.
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Moreover, comparisons of results across modelsagxph risk suggest that it
is important to aggregate price risk properly. Med®sed on a Tornqvist-type index
of aggregate risk have a better fit than modeledhas a simple univariate GARCH
for aggregate price. Other econometric studiesagxiplg risk are limited to models of
aggregate volatility of returns in stock marketstenms of economic variables, and
these studies employ a common but theoreticallpriect method for aggregating
risk. So the current study is unique in the literat

This study also explains price risk at a disaggeedavel for major grains
(rice, wheat, corn, and soybeans) in China. Englirevidence suggests that price
variances and covariances are influenced by keiablas including infrastructure
development, change of grain quota, variation factifve exchange rate, variance of
sun activities, and international trade. Individpate risk also shows significant AR
process pattern as well as seasonality patterntbeerourse of a year. OLS and SUR
estimation methods are applied and their findingscmpared. Estimated standard
errors of coefficients generally are smaller forfSthhan for OLS, as anticipated.

Here we mention several possible improvements @wuré study. Further
research could consider relaxing the assumptiaron$tant conditional correlation in
the two-step approach to constructing conditiormiance and covariance. Changes
of price covariance over time may come from bothaiyic correlation (Engle and
Sheppard 2001; Engle 2002) as well as time varying standard errors. Also this
research could expand the scope by incorporatirge prsk of livestocks such as
hogs, which heavily rely on major grains as inpu€hina so price variation of major
livestocks may be highly correlated with major gein China. If data is available,
this study could consider more explanatory varigaldach as China’s grain stock

volume, energy prices on commodity prices, and gnowf the middle classes in
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China. In this study, some annual explanatory factested (such as income per
capita, average input cost, grain import), were statistically significant, and this
may reflect data problems. Additional attentionldoalso be given to modeling panel
data to capture risk response variation acrossomegwithin China. If data is
available, possible improvement for disaggregatell@analysis is to include crop
specific explanatory variables such as governmenticips related to a specific
product or crop level input or cost. This may ldadmore elaborate crop level
insights. Lastly, the findings of this study ar@l gtreliminary due to the complexity

of China’s grain marketing and trade evolution.
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APPENDIX ONE

Table 2.1. Descriptive Statistics of Monthly Commotties Prices (Yuan/Kg), 1987-
2007

Variable Mean Minimum Maximum Standard
Deviation
pree 1.22 0.55 1.98 0.41
prhea 1.16 0.59 1.80 0.33
prort 1.02 0.48 1.67 0.32
peoybean 2.52 1.01 4.88 0.80

Notes: P denotes rice price,"®? denotes wheat price ¥ denotes corn price, and’P™
denotes soybeans price
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Table 2.2. Correlations among Monthly Commodities Rces, 1987-2007

Fj’lce IjNhea Fj:OI’I’
pWhea 0.98
pror 0.96 0.95
psoybean 0.86 0.84 0.87

Notes: P denotes rice price,"®? denotes wheat price ¥ denotes corn price, and’P™
denotes soybeans price.
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Table 2.3 Descriptive Statistics of Annual Commodies Quantity (10,000 tons),
1987-2007

Variable Mean Minimum Mendm Standard
Deviation
y e 18,303 18,257 20,073 16,066
Yy Wnea 9,984 9,930 12,329 8,543
yeor 11,228 11,199 15,230 7,735
y soybean 1,392 1,473 1,740 971

Notes: Y denotes rice quantity,"?*® denotes wheat quantity®¥"denotes corn quantity, and
Y S¥PeaHenotes soybeans quantity.
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Table 2.4 Heteroskedasticity Test for Monthly Commdity Prices, 1987-2007

Test ﬁce pNhea Fj:OI'r Psoybea
Chi- p- Chi- p- Chi- p- Chi- p-
square value square value square value square Vvalue
Test Test Test Test
Statistic Statistic Statistic Statistic
Harvey -398.729 0.00000 -333.345 0.00000 -588.335 0.00000 -375.382 0.00000
Glejser 24.723 0.00000 -1.774 0.00000 47.427 0.00000 59.763 0.00000
ARCH 0.0678 0.0007 0.01701 0.00193
White(B-P- 53.752  0.00000 25.420 0.00012 51.192 0.00000 130.477 0.00000
G)

Notes: B denotes rice price, "P* denotes wheat price,"® denotes corn price, andP**denotes
soybeans price.
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Table 2.5 Results of GARCH (1,1) Model for Grain Pices

Coefficient pee prhea pror peoybean
Mean Equation:
Constant 0.0068 0.0060 0.0036 0.0064
(2.02) (2.09) (0.70) (0.56)
Lag 1 1.17%* 1.38%** 1.29%** 1.08%***
(24.62) (19.20) (18.22) (14.71)
Lag 2 -0.35%*** -0.13 0.093
(-4.29) (-1.11) (2.01)
Lag 3 -0.11* -0.16**
(-1.72) (-2.24)
Lag 4
Lag 5 -0.18***
(-4.57)
Lag 6 -0.069** -0.036*
(1.02) (-1.72)
Variance Equation:
a, 0.00015** 0.00016** 0.000022 0.000028
(2.10) (2.412) (1.41) (0.67)
a, 0.17*** 0.39*** 0.10040** 0.15%**
(2.62) (3.25) (2.52) (3.72)
@, 0.75*** 0.52%** 0.89*** 0.89***
(9.15) (4.49) (20.03) (31.89)

Notes: t-ratio is reported in parenthesis.

*** denotes 1% significance level, ** 5% significaa level, * 10% significant level.

P denotes rice price,"* denotes wheat price ¥ denotes corn price, and®¥**"denotes
soybeans price.
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Table 2.6 Results of M Het Model for Grain Prices

Coefficient pee prhea porr proybean
Mean Equation:
Constant 0.011* 0.013***
(1.71) (2.01)
Lag1l 1.10%** 1.29%** 1.29%** 1.13***
(54.64) (20.41) (20.49) (44.65)
Lag 2 -0.17** -0.069
(-2.01) (-0.65)
Lag 3 -0.22***
(-3.47)
Lag 4 -0.13
(-3.35)
Lag 5 -0.13***
(-4.99)
Lag 6 -0.17%**
(-5.72)
Variance Equation:
Constant -7.84*** -8.11%** -9.90*** -8.51***
(-26.88) (-24.10) (-32.28) (-27.04)
Lag 1 5.17*** 3.08* 1.22%**
(6.40) (1.74) (10.23)
Lag 2 2.64***
(2.889)
Lag 3 -3.71
(-1.26)
Lag 4
Lag5 -4 . 25%** 3.32*
(-5.29) (1.87)
Lag 6 -1.77**
(-2.00)

Notes: t-ratio is reported in parenthesis.

*** denotes 1% significance level, ** 5% significaa level, * 10% significant level.

P denotes rice price,"¥** denotes wheat price ‘¥ denotes corn price, and’P**"denotes
soybeans price.
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Table 2.7 Constant Conditional Correlation Obtainedfrom GARCH models of
Commodity Price

P’ICG PNhea Pcorr Psoybean
Prlce 1
prhea 0.50 1
pror 0.23 0.23 1
proybean 0.39 0.34 0.29 1

Notes: B* denotes rice price,"®** denotes wheat price ¥ denotes corn price, and’P="™
denotes soybeans price.
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Table 2.8 Constant Conditional Correlation obtainedfrom M Het models of
Commodity Price

Fj'ICE pNhea Pcorr Psoybean
Prlce l
phea 0.48 1
pror 0.24 0.24 1
peoybean 0.37 0.35 0.36 1

Notes: B denotes rice price,"F* denotes wheat price ® denotes corn price, and’P*™
denotes soybeans price.
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Table 2.9 Correlations between Price Risk Indexesadsed on Different Output
Quantity Index, in the case of GARCH Estimation

VPTornG VPLaspC
yprisher 0.99856 0.99954
VpLaspe 0.99711

Notes: VP, VP and VP*P denote aggregate price risk index in which riskndividual
prices is specified by GARCH model and based omdwast quantity index, Fisher quantity
index, and Laspeyres quantity index respectively.

83



Table 2.10 Correlations between Price Risk Indexescross Risk Estimation
Approaches (GARCH, M Het, Naive), in the Case of Tagvist Output Index

VPTornN VPTornG VPTornM

VPTornN l
ypTome 0.64 1
ypromM 0.39 0.24 1

Notes: VP | VP™ "and VP°™ denotes aggregate Tornqvist-type price risk indewhich

risk of individual prices is specified by GARCH mad M Het model, Naive approach
respectively
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Table 2.11 Correlations between Price Risk Indexeg€conomic Index Number vs.
Simple Univariate Approach

VPTornG VS VF;OI’HSC O 37
VPTOTM g \/FomSY 0.31
VPN g \ypomst 0.89

Notes: VP°™ | VP™™ "and VP°™ denotes aggregate Tornqvist-type price risk indewhich

risk of individual prices is specified by GARCH mad M Het model, Naive approach
respectively; VPG | VP™M and VPN denotes the aggregate price risk obtained from
univariate GARCH model, univariate M Het model, &haive approach based on Torngvist price
index over commodities respectively.
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Table 3.1 Unit Root Tests for Monthly Time Series ®riables

Ays.Critical
Variable ADF PP Value(10%)
vprome -8.11 -8.10 -3.13
yvpromM -4.12 -7.05 -3.13
yvpTomN -3.88 -6.79 -3.13
VvpTomse -4.82 -15.59 -3.13
Vvpromsv -3.94 -13.80 -3.13
yvpromst -3.59 -6.80 -3.13
Variance of Effective Exchange Rate -5.87 -14.35 133
Standard Deviation of Sunspot Index -1.96 -8.47 133.

Notes: Trend and intercept are included in tesagon ;

MacKinnon Critical Values for rejection of hypotlesf a unit root is listed in the table;

ADF denotes Augmented Dickey-Fuller Test Statistied PP denotes Phillips-Perron Test Statistics;
VP™ME vp™ “and VP ™ denotes aggregate Tornqvist-type price risk iridexhich risk of individual
prices is specified by GARCH model, M Het modélive approach respectively; VPS¢ VvpPr™SM ang
VPN denotes the aggregate price risk obtained fromamiaite GARCH model, univariate M Het model,
and Naive approach based on Tornqvist price index @ommaodities respectively.
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Table 3.2 Correlation Matrix Among Explanatory Vari ables

Infrastructure Change

Variance of Degree of  Standard Percentage Change

development Quota  Effective International Deviation of of Disaster Input
Index Exchange Trade Sunspot Area
Rate Participation Rate
Infrastructure 1
Development Index
Change Quota -0.32 1
Variance of Effective  -0.09 0.19 1
Exchange Rate
Degree of International 0.03 -0.21 -0.04 1
Trade Participation
Standard Deviation of -0.41 -0.23 0.11 0.19 1
Sunspot Rate
Percentage of Disaster 0.23 -0.14 0.00 0.60 0.03 1
Area
Change Input -0.27 0.69 0.11 -0.25 -0.18 -0.35 1
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Table 3.3.a Correlogram of VP°"®

Sample: 1987M07 2007M12

Included observations: 246

Autocorrelation Partial Correlation

AC PAC Q-Stat Prob

|*****|

I**** |

|**** |

I***

|**
I**
|*
I*
|*
I*
|*

I*

|*****|

|*

1 0.757 0.757 142.80 0.000

20.598 0.057 232.18 0.000
30.505 0.081 296.15 0.000
40.413-0.015 339.10 0.000
9.323-0.032 365.53 0.000
8.255-0.006 382.02 0.000
0.173-0.071 389.63 0.000
.132 0.034 394.09 0.000
9.136 0.085 398.86 0.000
10.133 0.026 403.45 0.000
1D.153 0.080 409.52 0.000
19.167 0.024 416.83 0.000

Notes: VP°"® denotes aggregate Tornqvist-type price risk irideahich risk of
individual prices is specified by GARCH model.
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Table 3.3.b: Correlogram of VP°™
Sample: 1987M07 2007M12
Included observations: 246

AutocorrelationPartial Correlation AC  PAC Q-Stat Prob

[ | [ | 1 0.668 0.668 111.15 0.000
I o 20.331-0.209 138.47 0.000
i P 30.266 0.263 156.29 0.000
| 1o £.242-0.050 171.00 0.000
o 1o $.150-0.024 176.68 0.000

1o 1o 6.063-0.033 177.68 0.000
1o 1o ©.003-0.059 177.69 0.000
1o ko ©.054 0.162 178.45 0.000
I o ©.111-0.002 181.61 0.000
o 10.110 0.056 184.76 0.000
o 10.119 0.057 188.45 0.000
o 1D.124-0.027 192.43 0.000

| I
| I

I*

Notes: VP°™ denotes aggregate Tornqvist-tepe price risk indawhich risk
of individual prices is specified by M Het model.
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Table 3.3.c: Correlogram of VP°™
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC  PAC Q-Stat Prob

e | [ | 1 0.699 0.699 121.50 0.000
o R 20.444-0.087 170.69 0.000
o o 30.324 0.094 197.00 0.000
i o 40.303 0.117 220.11 0.000
o . $.212-0.111 231.51 0.000
o 1o ©.133 0.009 236.01 0.000

. D.014-0.152 236.07 0.000

.
. L -8.020 0.044 236.16 0.000
1o 0.010 0.073 236.19 0.000
b 10.009-0.052 236.21 0.000
o 10.015 0.092 236.27 0.000

I
|
d
do
d
L o 1.028-0.119 236.48 0.000

Notes: VB°™ denotes aggregate Tornqvist-tepe price risk indexhich risk
of individual prices is specified by Naive approach
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Table 3.3.d: Correlogram of VP°™>¢
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC  PAC Q-Stat Prob

** | |*

| 0.005 0.005 0.0053 0.942
| 0.013 0.013 0.0447 0.978
| 8.067 0.067 1.1734 0.759
| 40.288 0.289 22.135 0.000
| 8.055 0.063 22.908 0.000
| 6.038 0.033 23.275 0.001
| ©0.070 0.036 24.518 0.001
| 8.056-0.036 25.312 0.001
| 0.035-0.003 25.622 0.002
| 10.005-0.026 25.630 0.004
| 10.018-0.020 25.719 0.007
|

|
|
|
I
.
.
.
I
|
I
| 10.064 0.053 26.775 0.008

*

Notes: VB°"*®denotes the aggregate price risk obtained frowamiaite GARCH
model based on Torngvist price index over commesliti
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Table 3.3.e: Correlogram of V

F‘}'ornSM

Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation

AC PAC Q-Stat Prob

|*
|*

|*

|**

|*
|*
i
"l
.
"l
|*

10.119 0.119 3.4994 0.061
2.142 0.130 8.5720 0.014
3.123 0.095 12.349 0.006
40.319 0.291 38.032 0.000
9.142 0.076 43.126 0.000
@.159 0.080 49.533 0.000
-D.024-0.127 49.676 0.000
®.007-0.134 49.689 0.000

0.056-0.015 50.506 0.000
10.017-0.092 50.578 0.000
10.053 0.103 51.317 0.000
12.016 0.032 51.387 0.000

Notes: VB°™*Mdenotes the aggregate price risk obtained frowauiaite M Het
model based on Torngvist price index over commesliti
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Table 3.3.f: Correlogram of VPN

Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC  PAC Q-Stat Prob

[ | [ | 1 0.678 0.678 114.52 0.000
] 1o 20.466 0.010 168.71 0.000
o o 30.364 0.082 201.98 0.000
o P 40.443 0.306 251.47 0.000
o A 50.355-0.144 283.37 0.000
i 1o .240-0.053 297.98 0.000
o I 0.095-0.122 300.27 0.000
. A .048-0.076 300.85 0.000

I

| 1o 0.045 0.044 301.36 0.000
| b 10.028-0.027 301.56 0.000
| o 10.023 0.105 301.69 0.000
I

1.
. 1o 1Q.023-0.044 301.83 0.000

Notes: VP°™*Ndenotes the aggregate price risk obtained frorplsitNaive
approach based on Torngvist price index over conitiesd
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Table 3.4: Time Series Multivariate Model to Explan Aggregated Price Risk Indexes

Dependent VPTOIT‘IG VPTOI’nNI VPTOI’nN VPTOI’nSC VPTOI’nSN VPTOI’nSI\
Regressor
Lag 1 of Dependent 0.68*** 0.88*** 0.65*** 0.63***
(18.74) (13.88) (13.93) (12.85)
Lag 2 of Dependent -0.44%**
(-5.49)
Lag 3 of Dependent 0.32%**
(5.23)
Lag 4 of Dependent 0.30%*** 0.31%**
(4.80) (5.21)
Lag 5 of Dependent 0.15*
(2.42)
Lag 6 of Dependent -0.08
(-1.53)
Infrastructure -0.00000027*** -0.0000000012***  -0.0000000005 -0.0000000002 -0.00000000034
Development Index (-3.01) (-3.77) (-0.18) (-0.19) (-0.65)
Change Quota 0.000000011* 0.000000015 0.00000052*** 0.00000013  0.00000019**+*  0.00000011***
(1.96) (0.78) (2.84) (2.90) (3.03) (3.25)
Variance of Effective 0.0000013*** 0.0000012 0.000055*** 0.0000165*** 0.0000077***
Exchange Rate (4.49) (1.09) (5.48) (4.53) (4.06)
Standard Deviation of  0.0000049 0.00015
Sunspot Index (1.48) (1.56)
Degree of 0.0041** 0.022%** 0.15** 0.043** 0.087*** 0.044**
International  Trade (2.02) (2.78) (2.09) (2.39) (3.45) (3.39)
Participation
D9192 -0.00014 -0.00024 -0.0084** -0.0017* -0.0020 -0.0012
(-1.10) (-0.54) (-2.01) (-1.68) (-1.36) (-1.62)
D95 -0.00025 -0.00035 0.0024 -0.0014 -0.0029 -0.00037
(-1.52) (-0.56) (0.39) (-0.93) (-1.34) (-0.34)
D9899 0.00011 0.00040 0.0013 0.00045 0.000075
(0.89) (0.88) (0.33) (0.32) (0.10)
Month_Jan -0.00016 0.0014** -0.0018 -0.0013 -0.0026 -0.0016
(-0.92) (2.20) (-0.32) (-0.85) (-1.25) (-1.49)
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Table 3.4: Time Series Multivariate Model to Explan Aggregated Price Risk Indexes (Continued)

Month_Feb -0.00027 0.00049 -0.015* -0.00094 -0.0030 -0.0027**
(-1.61) (0.75) (-2.59) (-0.62) (-1.45) (-2.51)
Month_Mar -0.00035** 0.00094 -0.020*** 0.00027 0.00071 -0.0038***
(-2.07) (1.45) (-3.47) (0.18) (0.34) (-3.48)
Month_Apr 0.000063 0.0014** -0.0041 -0.0017 -0.0037* -0.00083
(0.37) (2.20) (-0.73) (-1.13) (-1.74) (-0.77)
Month_May -0.00027 0.00050 -0.013* -0.0011 -0.0028 -0.0027**
(-1.60) (0.76) (-2.22) (-0.73) (-1.33) (-2.46)
Month_Jun -0.00032* 0.00079 -0.014** 0.0028* -0.00090 -0.0029***
(-1.86) (1.22) (-2.42) (1.84) (-0.42) (-2.69)
Month_Jul -0.000050 0.00058 -0.011** -0.0017 -0.0039* -0.0024**
(-0.29) (0.8636) (-1.98) (-1.16) (-1.85) (-2.22)
Month_Aug -0.00054*** -0.00052 -0.016*** -0.00061 -0.0036* -0.0028***
(-3.17) (-0.7998) (-2.79) (-0.41) (-1.75) (-2.63)
Month_Sep -0.00040** -0.00037 -0.016*** 0.00022 -0.0011 -0.0032***
(-2.39) (-0.58) (-2.87) (0.15) (-0.53) (-2.99)
Month_Oct -0.00028* 0.00015 -0.011* -0.0018 -0.0039* -0.0023**
(-1.69) (0.23) (-1.91) (-1.21) (-1.88) (-2.16)
Month_Nov -0.00042** -0.00072 -0.014** 0.0029** 0.0027 -0.0029***
(-2.55) (-1.13) (-2.48) (2.00) (1.32) (-2.688)
Constant 0.0010*** 0.0015** 0.014*** 0.0017 0.0027* 0.0030***
(5.42) (2.50) (2.92) (1.41) (1.78) (3.83)
R-square 0.78 0.61 0.62 0.22 0.33 0.58
Adj. R-square 0.76 0.58 0.59 0.17 0.27 0.54
Log of the Likelihood 1510.25 1179.24 647.34 971.23 894.13 1049.97
Fn.
Durbin-H Stat. 0.11 -0.55 1.86 2.15 -0.51 -0.38

Notes: tratio is reported in parenthesis under coefficient; *** denotes 1% significance levet* 5% significance level, * 10% significant level;

VP™"Me vp™ “and VP™ denotes aggregate Tornqvist-type price risk inidewhich risk of individual prices is specified SARCH model, M Het model,
Naive approach respectively; VP™"™¢ VP M and VB "N denotes the aggregate price risk obtained fromauiaite GARCH model, univariate M Het model,
and simple Naive approach based on Torngvist praex over commodities respectively.

Variance of Effective Exchange Rate in VF®, VP™™, VP™™ and VP "N models is lagged 6-month, while in VB> model is lagged Sronth;

Standard Deviation of Sunspot Index in"/# is lagged 6-month while in VP™ is lagged Imonth;

Degree of International Trade Participation in"¥i5, VP™™ vp™™ PSS and VPN models is lagged 6-month while in ¥B*" model is lagged 3-month.
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Table 3.5: Elasticities at the Means for Major Expanatory Variables by Model

Dependent VPTornG VPTornM VPTornN VPTornSC VPTOITISN VPTornSI\
Regressor
:Eggi”ucwre Development _ 53 -0.004 -0.001 -0.002 -0.003
Change Quota 0.016 0.007 0.104 0.219 0.242 0.141
Variance of Effective
Exchange Rate 0.009 0.004 0.048 0.090 0.043
Standard Deviation of 0.041 0.175
Sunspot Index
Degree  of  International ) 0.003 0.008 0.0187 0.028 0.014

Trade Participation

Notes: VP°™ | VP™™ "and VP°™ denotes aggregate Tornqvist-ty
model, M Het modelNaive approach respectively; VP

(P

TornSG yornS
, VP

e price risk indexhich risk of individual prices is specified BARCH
and VPN denotes the aggregate price risk obtained fronauiaite

GARCH model, univariate M Het model, and simplewéadpproach based on Tornqvist price index ovemoodities respectively.
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Table 3.6: Correlation Among Seasonality from Altenative Models
VPTornG VPTornM VPTornN VP-I—ornSG VPTornSM VPTornSN

ypTome 1 0.76 0.72 -0.53 -0.46 0.77
yprom 1 0.57 -0.38 -0.31 0.52
ypTomN 1.00 -0.43 -0.43 0.94
ypTomse 1.00 0.85 -0.51
ypTomsM 1 -0.54
VPTornSN 1

Notes: VP’ | VP™™ "and VP°™ denotes aggregate Tornqvist-type price risk iridex
which risk of individual Tprices is specified by GARl model, M Het model, Naive
approach respectively; VP'O¢  vP™M and VBN denotes the aggregate price risk
obtained from univariate GARCH model, univariate H&t model, and Naive approach
based on Tornqvist price index over commoditiepeetvely.
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Table 3.7: Multivariate Model Comparison for Explaining VP™"®

Dependent VPTornG endent VPTornG
Regressor (Model A) | Regressor (Model B)
Lag 1 of Dependent 0.66*** Lag 1 of Dependent 0.79%**
(18.1) (24.23)
Infrastructure -0.00000029*** | Month_Jan 0.00019
Development Index (-3.14) (-1.04)
Change Quota 0.000000012** | Month_Feb -0.00032*
(2.09) (-1.75)
Variance of Effective 0.0000014*** | Month_Mar -0.00041**
Exchange Rate (Lag 6) (4.68) (-2.22)
Standard Deviation of 0.0000062* | Month_Apr 0.000024
Sunspot Index (Lag 6) (1.88) (0.13)
Degree of International  0.0040* Month_May -0.00034*
Trade Participation (Lag (1.90) (-1.84)
6)
D9192 -0.00016 Month_Jun -0.00034*
(-1.22) (-1.84)
D95 -0.00026 Month_Jul 0.000042
(-1.48) (0.22)
D9899 0.00012 Month_Aug -0.00065***
(0.92) (-3.51)
Month_Sep -0.00043**
(-2.33)
Month_Oct -0.00031*
(-1.70)
Month_Nov -0.00045**
(-2.48)
Constant 0.00083*** 0.00082***
(4.96) (5.37)
R-square 0.7556 0.7236
Adj. R-square 0.7463 0.7093
Log of the Likelihood 1497.14 1482.05
Fn.
Durbin-H Stat. 0.23 -0.56
AIC 0.00000031 0.00000036

Notes: tratio is reported in parenthesis under coefficient;
*#* denotes 1% significance level, ** 5% significance level, * 10% significant level;
Model A excludes monthly dummies while keeps othgrlanatoryariables;

Model B includes monthly dummies while exclude other explanatory variables;

VP™™"C denotes aggregate Tornqvist-type price risk ingiexvhich risk of individual
prices is specified by GARCH.
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Table 3.8.a: Multivariate Model Comparison for Explaining Price
Risk between VP°"® and VP (all explanatory variables)

Dependent VPTornG VPTornSG
Regressor
Lag 1 of Dependent 0.69%+ 0.012
(18.61) (-0.19)
Lag 4 of Dependent -0.020 0.30%**
(-0.58) (4.73)
Infrastructure Development Index -0.00000029*** 0.00000036
(-3.05) (0.50)
Change Quota 0.000000011** 0.00000015***
(1.98) (2.90)
Variance of Effective Exchange 0.0000014** -0.0000030
Rate (Lag 6) (4.51) (-1.13)
Standard Deviation of Sunspot 0.0000051 0.000011
Index (Lag 6) (1.54) (0.36)
Degree of International Trade 0.0039* 0.042***
Participation (Lag 6) (1.90) (2.232)
D9192 -0.00015 -0.0018
(-1.14) (-1.59)
D95 -0.00025 -0.0014
(-1.50) (-0.90)
D9899 0.00011 -0.000025
(0.87) (-0.023)
Month_Jan -0.00016 -0.0014
- (-0.95) (-0.8963)
Month_Feb -0.00028 -0.0010102
B (-1.63) (-0.66)
Month_Mar -0.00036** 0.00028
B (-2.10) (0.18)
Month_Apr 0.000062 -0.0018
(0.37) (-1.16)
Month_May -0.00027 -0.0011
(-1.60) (-0.74)
Month_Jun -0.00032* 0.0029*
B (-1.87) (1.87)
Month_Jul -0.000056 -0.0015
B (-0.32) (-0.94)
Month_Aug -0.00054%*** -0.00059
(-3.18) (-0.39)
Month_Sep -0.00040** 0.00030
(-2.41) (0.20)
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Table 3.8.a: Multivariate Model Comparison for Explaining Price Risk
between VP°™® and VP™"*¢ (Continued)

Month_OCt -0.00029* -0.0019
(-1.72) (-1.23)
Month_Nov -0.00041** 0.0030**
(-2.49) (2.00)
Constant 0.0011*** 0.0011
(5.17) (0.76)
R-square 0.78 0.23
Adj. R-square 0.76 0.16
Log of the Likelihood Fn. 1510 44 972. 00
Durbin-H Stat. 0.04 NA

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™™"C denotes aggregate Torngvist-type price risk inidewhich risk of individual
prices & specified by GARCH; VP™"®denotes the aggregate price risk obtained from
univariate GARCH model based on Tornqyvist priceeindver commodities.
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Table 3.8.b: Multivariate Model Comparison for Explaining Price Risk
between VP°™® and VP (excluding lagged dependent variables)

Dependent VPTornG VPTornSG
Regressor
Infrastructure Development Index -0.0000011*** 0.00000035
(-8.86) (0.47)
Change Quota 0.000000024***  0.00000017***
(2.67) (3.16)
Variance of Effective Exchange 0.0000011** -0.0000033
Rate (Lag 6) (2.31) (-1.16)
Standard Deviation of Sunspot 0.0000074 -0.00000043
Index (Lag 6) (1.40) (-0.014)
Degree of International Trade  0.0037 0.043**
Participation (Lag 6) (1.12) (2.24)
D9192 -0.00048** -0.0023*
(-2.39) (-1.906)
D95 -0.00070*** -0.00054
(-2.64) (-0.35)
D9899 -0.000021 -0.000080
(-0.11) (-0.07)
Month_Jan 0.00012 -0.0010
N (0.44) (-0.64)
Month_Feb 0.000036 -0.00010
(0.13) (-0.63)
Month_Mar -0.000097 0.0014
B (-0.36) (0.85)
Month_Apr 0.00020 -0.0015
(0.74) (-0.95)
Month_May 0.000078 -0.0012
(0.29) (-0.76)
Month_Jun -0.000045 0.0028*
B (-0.17) (1.74)
Month_Jul 0.00017 -0.00079
(0.63) (-0.49)
Month_Aug 0.000084 -0.00084
(0.31) (-0.53)
Month_Sep -0.00013 0.00014
(-0.50) (0.09)
Month_Oct -0.00016 -0.00088
(-0.59) (-0.56)
Month_Nov -0.00038 0.0028*
B (-1.44) (1.81)
Constant 0.0031*** 0.0017
(11.87) (1.15)

101



Table 3.8.b: Multivariate Model Comparison for Explaining Price
Risk between VP°"® and VP™"*® (Continued)

R-square 0.44 0.15
Adj. R-square 0.39 0.08
Log of the Likelihood Fn. 1394.73 960.30
Durbin-Watson Stat. 0.53 2.10

Notes: t-ratiais reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™™"C denotes aggregate Tornqvist-type price risk inidewhich risk of individual
prices & specified by GARCH; VP™"®denotes the aggregate price risk obtained from
univariate GARCH model based on Tornqyvist priceeindver commodities.

102



Table 3.8.c: Multivariate Model Comparison for Explaining Price Risk
between VP°™"® and VP™™¢ (excluding lagged dependent variables
and monthly dummies)

Dependent VPTornG VPTornSG
Regressor
Infrastructure Development Index -0.0000011*** 0.00000018
(-8.81) (0.24)
Change Quota 0.000000025***  0.00000016***
(2.78) (2.93)
Variance of Effective Exchange 0.0000012** -0.0000031
Rate (Lag 6) (2.56) (-1.11)
Standard Deviation of Sunspot 0.0000085* -0.000015
Index (Lag 6) (1.664) (-0.49)
Degree of International Trade  0.0036 0.044**
Participation (Lag 6) (1.11) (2.27)
D9192 -0.00048** -0.0021*
(-2.42) (-1.77)
D95 -0.00069** -0.00064
(-2.60) (-0.40)
D9899 -0.0000068 -0.00018
(-0.035) (-0.16)
Constant 0.0030*** 0.0022**
(16.53) (2.00)
R-square 0.42 0.08
Adj. R-square 0.40 0.04
Log of the Likelihood Fn. 1390.23 949.59
Durbin-Watson Stat. 0.55 2.15

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™™"C denotes aggregate Tornqvist-type price risk inidewhich risk of individual
prices & specified by GARCH; VP™"®denotes the aggregate price risk obtained from
univariate GARCH model based on Tornqyvist priceeindver commodities.
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Table 3.9.a: Multivariate Model Comparison for Explaining Price Risk
between VP°™ and VP™™M (all explanatory variables)

Dependent VPV VPomnsm
Regressor
Lag 1 of Dependent 0.87*** -0.054
(13.30) (-0.85)
Lag 2 of Dependent -0.42%* 0.039
(-4.93) (0.62)
Lag 3 of Dependent 0.30*** 0.027
(3.42) (0.44)
Lag 4 of Dependent 0.020 0.30%**
(0.24) (4.80)
Lag 5 of Dependent 0.0054 0.093
(0.083) (1.47)
Infrastructure Development Index -0.0000000012**  0.00000000016
(-3.79) (0.15)
Change Quota 0.000000015 0.00000024***
(0.78) (3.51)
Variance of Effective Exchange 0.0000012 -0.00000050
Rate (Lag 6) (1.09) (-0.13)
Degree of International Trade 0.023 0.086***
Participation (Lag 6) (2.79) (3.21)
D9192 -0.00023 -0.0023
(-0.53) (-1.47)
D95 -0.00036 -0.0030
(-0.57) (-1.24)
D9899 0.00039 0.00027
(0.86) (0.18)
Month_Jan 0.0015** -0.0029
B (2.24) (-1.31)
Month_Feb 0.00054 -0.003
B (0.81) (-1.52)
Month_Mar 0.00098 0.00081
B (1.49) (0.36)
Month_Apr 0.0015** -0.0034
(2.22) (-1.54)
Month_May 0.00055 -0.0024
(0.81) (-1.09)
Month_Jun 0.00081 0.00077
B (1.23) (0.35)
Month_Jul 0.00061 -0.0039*
(0.91) (-1.73)
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Table 3.9.a: Multivariate Model Comparison for Explaining Price Risk
between VP°™ and VP™™*M (Continued)

Month_Aug -0.00052 -0.0032
(-0.79) (-1.47)
Month_Sep -0.00036 -0.0012
(-0.57) (-0.55)
Month_Oct 0.00017 -0.0039*
(0.27) (-1.81)
Month_Nov -0.00071 0.0030
(-1.10) (1.39)
Constant 0.0014 0.0028*
(2.07) (1.75)
R-square 0.61 0.28
Adj. R-square 0.57 0.20
Log of the Likelihood Fn. 1184.60 885 427
Durbin-H Stat. NA NA

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™™ denotes aggregate Tornqvist-tyge price risk inidewhich risk of individual
prices & specified by M Het model; VP "M denotes the aggregate price risk obtained

from univariate M Het model based on Torngvist @iilcdex over commaodities.
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Table 3.9.b: Multivariate Model Comparison for Explaining Price Risk
between VP°™ and VP™™*M (excluding lagged dependent variables)

Dependent TornM TornSM
Regressor VP VP
Infrastructure Development Index -0.0000000016**  0.00000000028
(-3.58) (0.25)
Change Quota 0.000000045 0.00000030***
(1.59) (4.28)
Variance of Effective Exchange 0.000000087 -0.00000075
Rate (Lag 6) (0.05) (-0.19)
Degree of International Trade 0.0083 0.087***
Participation (Lag 6) (0.76) (3.19)
D9192 -0.00056 -0.0034**
(-0.87) (-2.18)
D95 -0.00033 0.00035
(-0.36) (0.16)
D9899 0.0015* -0.00013
(2.29) (-0.09)
Month_Jan 0.0017* -0.0021
(1.81) (-0.93)
Month_Feb 0.0020%* -0.0029
(2.20) (-1.29)
Month_Mar 0.0020** 0.0024
(2.18) (1.03)
Month_Apr 0.0029*** -0.0021
(3.09) (-0.91)
Month_May 0.0028*** -0.0019
(3.03) (-0.82)
Month_Jun 0.0027*** 0.00073
(2.91) (0.32)
Month_Jul 0.0028*** -0.0023
(2.96) (-0.99)
Month_Aug 0.0017* -0.0025
(1.89) (-1.10)
Month_Sep 0.00070 -0.00093
(0.76) (-0.41)
Month_Oct 0.00095 -0.0029
(1.03) (-1.27)
Month_Nov 0.00039 0.0031
(0.43) (1.39)
Constant 0.0063*** 0.0032*
(9.29) (1.90)
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Table 3.9.b: Multivariate Model Comparison for Explaining Price
Risk between VP™ and VP™™M (Continued)

R-square 0.16 0.18
Adj. R-square 0.10 0.12
Log of the Likelihood Fn. 1090.33 869.86
Durbin-Watson Stat. 0.68 1.98

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™™ denotes aggregate Tornqvist-tyge price risk inidewhich risk of individual
prices is specified byl Het model; VP™ "M denotes the aggregate price risk obtained

from univariate M Het model based on Torngvist @iilcdex over commodities.
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Table 3.9.c: Multivariate Model Comparison for Explaining Price Risk
between VP°™ and VP™™M (excluding lagged dependent variables

and monthly dummies)

Dependent VPTornM VPTornSM
Regressor
Infrastructure Development Index -0.0000000014**  -0.00000000034
(-3.12) (-0.30)
Change Quota 0.000000043 0.00000030***
(1.48) (4.25)
Variance of Effective Exchange 0.00000072 -0.0000013
Rate (Lag 6) (0.44) (-0.33)
Degree of International Trade  0.0085 0.087***
Participation (Lag 6) (0.74) (3.14)
D9192 -0.00053 -0.0034**
(-0.81) (-2.15)
D95 -0.00028 0.00032
(-0.30) (0.14)
D9899 0.0015** -0.00014
(2.25) (-0.09)
Constant 0.0080*** 0.0022***
(31.75) (3.65)
R-square 0.07 0.11
Adj. R-square 0.04 0.09
Log of the Likelihood Fn. 1076.90 869.86
Durbin-Watson Stat. 0.65 2.02

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™™ denotes aggregate Tornqvist-tyge price risk inidewhich risk of individual
prices & specified by M Het model; VP "M denotes the aggregate price risk obtained
from univariate M Het model based on Torngvist @iilcdex over commaodities.
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Table 3.10.a: Multivariate Model Comparison for Expgaining Price
Risk between VP°™ and VP™™N (all explanatory variables)

Dependent ypromN y/promsN
Regressor
Lag 1 of Dependent 0.65*** 0.61835***
(13.93) (11.96)
Lag 6 of Dependent -0.075 0.035807
(-1.53) (0.62)
Infrastructure Development Index -0.00000000050 -0.00000000037
(-0.18) (-0.69)
Change Quota 0.00000052***  0.00000011***
(2.83) (3.29)
Variance of Effective Exchange 0.000055*** 0.0000075***
Rate (Lag 6) (5.48) (3.89)
Standard Deviation of Sunspot 0.00015 0.0000046
Index (Lag 6) (1.56) (0.24)
Degree of International Trade 0.148* 0.046***
Participation (Lag 6) (2.09) (3.30)
D9192 -0.0084** -0.0012
(-2.00) (-1.56)
D95 0.0024 -0.00073
(0.39) (-0.58)
D9899 0.0013 0.000084
(0.33) (0.11)
Month_Jan -0.0018 -0.0016
(-0.32) (-1.48)
Month_Feb -0.015** -0.0027
(-2.59) (-2.48)
Month_Mar -0.020*** -0.0037***
(-3.47) (-3.42)
Month_Apr -0.0041 -0.00082
(-0.73) (-0.76)
Month_May -0.013** -0.0026**
(-2.22) (-2.42)
Month_Jun -0.014** -0.0030
(-2.42) (-2.717)
Month_Jul -0.011** -0.0025**
(-1.98) (-2.25)
Month_Aug -0.016*** -0.0029***
(-2.79) (-2.65)
Month_Sep -0.016*** -0.0032***
(-2.87) (-2.95)

109



Table 3.10.a: Multivariate Model Comparison for Expgaining Price
Risk between VP°™ and VP™™N (Continued)

Month_Oct -0.011** -0.0023**
(-1.92) (-2.18)
Month_Nov -0.014** -0.0029***
(-2.48) (-2.69)
Constant 0.014*** 0.0028***
(2.92) (3.15)
R-square 0.62 0.58
Adj. R-square 0.59 0.54
Durbin-H Stat. 1.86 -0.14

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significaa level, * 10%significant level;
VP™™ denotes aggregate Tornqvist-type 1price risk inidewhich risk of individual
prices is specified by Naive approadP™™N denotes the aggregate price risk
obtained from Naive approach based on Torngvisé index over commodities.

110



Table 3.10.b: Multivariate Model Comparison for Explaining Price
Risk between VP°™ and VP™™N (excluding lagged dependent
variables)

Dependent ypromN \/promsN
Regressor
Infrastructure Development Index 0.00000000021 -0.00000000016
(0.05) (-0.23)
Change Quota 0.0000013***  0.00000022***
(5.66) (5.04)
Variance of Effective Exchange 0.000054*** 0.0000072***
Rate (Lag 6) (3.96) (2.88)
Standard Deviation of Sunspot 0.00023* -0.000016
Index (Lag 6) (2.70) (-0.67)
Degree of International Trade  0.24** 0.062***
Participation (Lag 6) (2.61) (3.61)
D9192 -0.020*** -0.0030***
(-3.62) (-2.92)
D95 0.0050 0.0025*
(0.66) (1.76)
D9899 0.00075 -0.00032
(0.14) (-0.32)
Month_Jan 0.0061 0.000028
(0.79) (0.020)
Month_Feb -0.0027 -0.0011
(-0.35) (-0.75)
Month_Mar -0.013* -0.0028*
(-1.69) (-1.97)
Month_Apr -0.0045 -0.00095
(-0.58) (-0.67)
Month_May -0.0073 -0.0016
(-0.95) (-1.12)
Month_Jun -0.011 -0.0023
(-1.38) (-1.61)
Month_Jul -0.011 -0.0020
(-1.34) (-1.40)
Month_Aug -0.0115 -0.0019
(-1.48) (-1.36)
Month_Sep -0.015* -0.0028**
(-1.92) (-1.98)
Month_Oct -0.011 -0.0024*
(-1.44) (-1.67)
Month_Nov -0.013* -0.0027*

(-1.73) (-1.92)
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Table 3.10.b: Multivariate Model Comparison for Explaining Price
Risk between VP°™ and VP™™N (Continued)

Constant 0.018 0.0043
(2.798) (3.69)
R-square 0.30 0.27
Adj. R-square 0.24 0.21
Log of the Likelihood Fn. 570.65 982.81
Durbin-Watson Stat. 0.66 0.75

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™™ denotes aggregate Tornqvist-type price risk inidewhich risk of individual
prices is specified by Naive approadP™"N denotes the aggregate price risk
obtained from Naive approach based on Torngvisé index over commodities.
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Table 3.10.c: Multivariate Model Comparison for Exdaining Price
Risk between VP°™ and VP™™N (excluding lagged dependent
variables and monthly dummies)

Dependent VPTornN VPTornSN
Regressor
Infrastructure Development Index 0.0000000011  -0.0000000000086
(0.28) (-0.01)
Change Quota 0.0000013*** 0.00000022***
(5.66) (5.09)
Variance of Effective Exchange 0.000051** 0.0000068***
Rate (Lag 6) (3.83) (2.79)
Standard Deviation of Sunspot 0.00021 -0.000017
Index (Lag 6) (1.60) (-0.70)
Degree of International Trade 0.24* 0.062***
Participation (Lag 6) (2.60) (3.60)
D9192 -0.020%** -0.0030***
(-3.56) (-2.90)
D95 0.004 0.0024*
(0.64) (1.75)
D9899 0.00086 -0.00030
(0.16) (-0.30)
Constant 0.010 0.0026***
(2.84) (3.95)
R-square 0.25 0.24
Adj. R-square 0.22 0.21
Log of the Likelihood Fn. 562.9 976.88
Durbin-Watson Stat. 0.69 0.78

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5%ignificance level, * 10% significant level,
VP™™ denotes aggregate Tornqvist-type price risk inidewhich risk of individual
prices is specified by Naive approadP™™N denotes the aggregate price risk
obtained from Naive approach based on Torngvisé index over commodities.
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Table 3.11.a: Multivariate Model Comparison for Exgaining Price
Risk between VP°"® and VP™™ (all explanatory variables)

endent TornG TornM
Lag 1 of Dependent 0.69*** 0.88***
(15.19) (13.85)
Lag 2 of Dependent -0.0074 -0.44%*
(-0.14) (-5.47)
Lag 3 of Dependent 0.0035 0.32%**
(0.08) (5.21)
Infrastructure Development Index -0.00000027*** -0.0000000012***
(-2.90) (-3.76)
Change Quota 0.000000011** 0.000000015
(1.95) (0.75)
Variance of Effective Exchange 0.0000013*** 0.0000012
Rate (Lag 6) (4.44) (1.09)
Standard Deviation of Sunspot 0.0000049 -0.0000014
Index (Lag 6) (1.46) (-0.12)
Degree of International 0.0041** 0.022%**
Participation (Lag 6) (1.98) (2.77)
D9192 -0.00014 -0.00022
(-1.09) (-0.46)
D95 -0.00026 -0.00036
(-1.52) (-0.57)
D9899 0.00011 0.00040
(0.88) (0.88)
Month_Jan -0.00016 0.0014**
(-0.93) (2.20)
Month_Feb -0.00027 0.00049
(-1.59) (0.75)
Month_Mar -0.00035** 0.00094
(-2.05) (1.45)
Month_Apr 0.000063 0.0014**
(0.37) (2.20)
Month_May -0.00027 0.00050
(-1.60) (0.75)
Month_Jun -0.00031* 0.00079
(-1.84) (1.20)
Month_Jul -0.000050 0.00057
(-0.29) (0.86)
Month_Aug -0.00054*** -0.00053
(-3.14) (-0.80)




Table 3.11.a: Multivariate Model Comparison for Exdaining Price

Risk between VP°™® and VP™™ (Continued)

Month_Sep -0.00040** -0.00037
(-2.31) (-0.58)
Month_Oct -0.00028* 0.00015
(-1.67) (0.24)
Month_Nov -0.00042** -0.00072
(-2.54) (-1.13)
Constant 0.0010*** 0.0016**
(5.06) (2.28)
R-square 0.78 0.61
Adj. R-square 0.76 057
Log of the Likelihood Fn. 1510.26 1179.25
Durbin-H Stat. 0.06 -0.65

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™" ¢ and VP°™ denotes aggregate Tornqvist-type price risk irideathich risk of
individual prices is specified by GARCH model andHdt model, respectively.
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Table 3.11.b: Multivariate Model Comparison for Explaining Price
Risk between VP°"® and VP™™ (excluding lagged dependent
variables)

endent TornG yTornM

Infrastructure Development Index -0.0000011**  -0.0000000016***

(-8.86) (-3.54)
Change Quota 0.000000024*** 0.000000041
(2.67) (1.44)
Variance of Effective Exchange 0.0000011* 0.00000030
Rate (Lag 6) (2.31) (0.18)
Standard Deviation of Sunspot 0.0000074 -0.0000115
Index (Lag 6) (1.40) (-0.68)
Degree of International Trade 0.0037 0.0097
Participation (Lag 6) (1.12) (0.86)
D9192 -0.00048** -0.00038
(-2.39) (-0.55)
D95 -0.00070*** -0.00037
(-2.64) (-0.41)
D9899 -0.000021 0.0015**
(-0.11) (2.27)
Month_Jan 0.00012 0.0017*
(0.44) (1.85)
Month_Feb 0.000036 0.0021*
(0.13) (2.22)
Month_Mar -0.000097 0.0020**
(-0.36) (2.16)
Month_Apr 0.00020 0.0029***
(0.74) (3.08)
Month_May 0.000078 0.0028***
(0.29) (3.00)
Month_Jun -0.000045 0.0027***
(-0.17) (2.88)
Month_Jul 0.00017 0.0028%**
(0.63) (2.91)
Month_Aug 0.000084 0.0017*
(0.31) (1.79)
Month_Sep -0.00013 0.00067
(-0.50) (0.73)
Month_Oct -0.00016 0.00096
(-0.59) (1.04)
Month_Nov -0.00038 0.00036

(-1.44) (0.40)
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Table 3.11.b: Multivariate Model Comparison for Explaining Price
Risk between VP°™® and VP™™ (Continued)

Constant 0.0031*** 0.0065
(11.87) (8.39)
R-square 0.44 0.17
Adj. R-square 0.39 0.10
Log of the Likelihood Fn. 1394.73 1085.70
Durbin-Watson Stat. 0.53 0.69

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP ¢ and VP°™ denotes aggregate Tornqvist-type price risk iridexhich risk of
individual prices is specified by GARCH model andHdt model, respectively.
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Table 3.11.c: Multivariate Model Comparison for Exgaining Price Risk
between VP°™® and VP™™ (excluding lagged dependent variables
and monthly dummies)

\Dependent\ ypTomG ypromm
Regressor

Infrastructure Development Index -0.0000011*** -0.0000000014
(-8.81) (-3.07)
Change Quota 0.000000025*** 0.000000040
(2.78) (1.35)
Variance of Effective Exchange 0.0000012** 0.00000091
Rate (Lag 6) (2.56) (0.55)
Standard Deviation of Sunspot 0.0000085* -0.000011
Index (Lag 6) (1.66) (-0.67)
Degree of International Trade 0.0036 0.0097
Participation (Lag 6) (1.11) (0.84)
D9192 -0.00048** -0.00035
(-2.42) (-0.50)
D95 -0.00069** -0.00033
(-2.60) (-0.35)
D9899 -0.0000068 0.0015**
(-0.035) (2.23)
Constant 0.0030*** 0.0082***
(16.53) (18.00)
R-square 0.42 0.07
Adj. R-square 0.40 0.04
Log of the Likelihood Fn. 1390 23 1072.30
Durbin-Watson Stat. 0.55 0.67

Notes: tratio is reported in parenthesis under coefficient;

*** denotes 1% significance level, ** 5% significance level, * 10% significant level;
VP™Cand VP°™ denotes aggregate Tornqvist-type price risk irideathich risk of
individual prices is specified by GARCH model andHdt model, respectively.
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Table 4.1: Correlation Matrix Price Variances and variances

VarP VarP' varF VvarP CvarPV CvarP¢® CvarP* CvarP*® CvarP*® CvarP*
VarP 1
VarP" 039 1
VarF 0.14 0.09 1
VarP 0.29 0.39 0.10 1
CvarP¥ 0.68 0.49 0.06 0.37 1
CvarP® 0.61 0.23 0.60 0.36 0.63 1
CvarP* 0.64 0.25 0.09 0.77 0.70 0.63 1
CvarP* 0.35 0.47 0.58 0.43 0.68 0.76 0.47 1
CvarP* 0.37 0.48 0.15 0.75 0.73 0.45 0.76 0.72 1
CvarP* 0.23 0.19 0.18 0.86 0.35 0.54 0.74 0.56 0.71 1

Notes: VarP, VarP' , VarP, and VarP denotes variance of rice price, variance of wipgate, variance of corn price, and variance of seyts price,

respectively;
CvarP" CvarP®, cvarP® , CvarP“ , CvarP”® , and CVarP® denotes covariance of rice price and wheat pdoeariance of rice price and corn price,
covariance of rice price and soybeans price, camaé of wheat price and corn price, covariancehsat price and soybean price, and covariance of cor

and soybeans prices respectively.
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Table 4.2.a Unit Root Tests for Monthly Price Variances and Covariance
Augmented Dickey-Fuller Test

Constant, No Trend Constant,Trend

. Ays. Critical Ays. Critical
Variable T-Test Value (10%) T-Test Value (10%)
VarP -4.13 -2.57 -4.17 -3.13
VarP" -5.42 -2.57 -5.45 -3.13
VarP -2.18 -2.57 -2.74 -3.13
VarP® -2.80 -2.57 -3.10 -3.13
CvarP" -3.65 -2.57 -3.63 -3.13
CVarP° -2.56 -2.57 -3.12 -3.13
CVvarP® -2.74 -2.57 -2.91 -3.13
CvarP* -4.38 -2.57 -4.95 -3.13
CvarP"”® -4.57 -2.57 -5.15 -3.13
CvarP® -1.36 -2.57 -0.79 -3.13

Notes: VarP, VarP' , VarP, and VarP denotes variance of rice price, variance of wipsae,
variance of corn price, and variance of soybeans price, respectively;

CvarP" CvarP¢, CvarP®, CvarP, CvarP”* , and CVarf® denotes covariance of rice price
and wheat price, covariance of rice price and goice, covariance of rice price and soybeans
price, covariance of wheat price and corn priceadance of wheat price and soybean price, and
covariance of corn and soybeans prices respectively
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Table 4.2.b Unit Root Tests for Monthly Price Variances and Covariance

Phillips-Perron Test

Constant, No Trend Constant,Trend
Ays. Ays. Ays. Ays.
. Critical Critical Critical Critical
Variable T-Test Value Z-Test Value T-Test Value Z-Test Value
(109%) (10%) (10%) (10%)
VarP -4.65 -2.57 -39.78 -11.20 -4.70 -3.13 -40.60 -08.2
varP" -7.96 -2.57 100.50 -11.20 -7.99 -3.13 101.66 -18.20
VarP -2.22 -2.57 -11.66 -11.20 -2.80 -3.13 -16.28 -08.2
VarP -2.82 -2.57 -16.16 -11.20 -3.14 -3.13 -21.81 -08.2
CvarP" -5.99 -2.57 -61.72 -11.20 -6.02 -3.13 -62.61 -08.2
CVarP°¢ -2.36 -2.57 -20.08 -11.20 -2.94 -3.13 -26.39 -08.2
CvarP® -3.33 -2.57 -22.07 -11.20 -3.63 -3.13 -27.33 -08.2
CvarP* -4.29 -2.57 -47.24 -11.20 -4.90 -3.13 -56.59 -08.2
CvarP* -5.61 -2.57 -55.77 -11.20 -6.25 -3.13 -67.70 -08.2
CvarP® -2.17 -2.57 -10.63 -11.20 -2.26 -3.13 -14.06 -08.2

Notes: VarP, VarP' , VarP, and VarP denotes variance of rice price, variance of wipsate,
variance of corn price, and variance of soybeans price, respectively;

CvarP" CvarP®, CvarP®, CvarP”, CvarP”®, and CVarf® denotes covariance of rice price
and wheat price, covariance of rice price and goioe, covariance of rice price and soybeans
price, covariance of wheat price and corn priceadance of wheat price and soybean price, and
covariance of corn and soybeans prices respectively
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Table 4.3.a: Correlogram of VarP
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC PAC Q-StatProb

I******l |******|

|***** | |* |

1 0.821 0.821 16789 0.000
2 0.712 0.116 2%D 0.000
3 0.629 0.053 3®3 0.000
4 0.553 0.006 410 0.000

o A 5 0.440 -0.1420.19 0.000

o 1o 6 0.362 0.001 553 0.000

N 1o 7 0.292 -0.0305.18 0.000

o 1o 8 0.237 0.014 58D 0.000

. 9

o 0.196 0.031 3990.000
.
I
I

I***** | | |

|**** | | |

||

1o 10 0.143 -0.08®1.76 0.000
1o 11 0.105 -0.0807.62 0.000
1o 12 0.075 -0.08@.07 0.000

Notes: VarPdenotes variance of rice price.

I*

|*
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Table 4.3.b: Correlogram of VarP"

Sample: 1987M07 2007M12

Included observations: 246

Autocorrelation Partial Correlation AC

PAC Q-StatProb

I**** |

|*** |

I**
|*

I*

|

|**** |

1 0.582 0.582 8404 0.000
0.365 0.039 149 0.000
0.253 0.039 18B 0.000
0.187 0.026 & 0.000
0.103 -0.0845.20 0.000
0.034 -0.03%.49 0.000
-0.0621018145.49 0.000
0.003 0.029 .21450.000
-0.0a2014145.52 0.000
10 -0.045046146.04 0.000
11 -0.06r022147.04 0.000
12 -0.07/34.030148.47 0.000

©Co~No s WD

Notes: VarP denotes variance of wheat price.
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Table 4.3.c: Correlogram of VarP

Sample: 1987M07 2007M12

Included observations: 246

Autocorrelation Partial Correlation AC

PAC Q-StatProb

I*
|*
I*
|*
I*
|*
I*
|*
I*
|*
I*

|*

|*
|*
|*
|*

|*

0.140
0.135
0.133
0.133
0.134
0.121
0.114
0.112
0.109
10 0.111
11 0.114
12 0.084

Co~NoO U~ wWNPER

0.140 @88 0.027
0.118 B4 0.009
0.104 98 0.003
0.094 433 0.001
0.087 221 0.000
0.066 72& 0.000
0.054 @@ 0.000
0.050 223t 0.000
0.045 Z8® 0.000
0.046.43F 0.000
0.048.84D 0.000
0.014.748 0.000

Notes: VarP denotes variance of corn price.
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Table 4.3.d: Correlogram of VarP
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC PAC Q-StatProb

I******* |*******

|****** | | |

1 0.930 0.930 215.36 0.000
0.869 0.029 406 0.000
0.811 -0.00869.18 0.000
0.763 0.044 7182 0.000
0.727 0.071 84 0.000
0.695 0.025 97Z® 0.000
0.665 0.008 188 0.000
0.634 -0.00B188.5 0.000
1o 0.606 0.016 128 0.000
P 1o 10 0.585 0.044 AB6 0.000

|

|

I******l | |
|******| | |
I*****l | |
|***** | | |
I*****l | |

||

|*****|

©oOo~No R WwN

I**** |

PR | 11 0.564 0.006 3412 0.000
12 0.543 -0.0a%31.1 0.000

|**** |

Notes: VarPdenotes variance of soybeans price.
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Table 4.3.e: Correlogram of CVarP"
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC PAC Q-StatProb

N JPeee |1 0.717 0.717 12813 0.000
| N 0.593 0.161 2@ 0.000
| N 0.553 0.170 295 0.000
e | N 0.542 0.147 36® 0.000
0.418 -0.14111.06 0.000
| 0.307 -0.1@35.04 0.000
| 7 0.214 -0.1246.76 0.000
o 1o 8 0.174 -0.0084.52 0.000
I
I

[ | o

[ i

[ "l

o . 9 0.135 0.038 4 0.000
o . 10 0.082 0.00704® 0.000
1o 1o 11 0.058 0.0591.88 0.000
1o 1o 12 0.038 -0.0062.24 0.000

Notes: CVarP denotes covariance of rice price and wheat price.
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Table 4.3.f: Correlogram of CVarP*
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC PAC Q-StatProb

I******l |******|
|***** | |** |

I***** | |* |

1 0.799 0.799 15887 0.000
0.752 0.315 30R4 0.000
0.710 0.144 4267 0.000
0.683 0.106 544 0.000
0.624 -0.03842.83 0.000
. 0.579 -0.0228.06 0.000
e L 0.533 -0.08D0.48 0.000

o 0.489 -0.0861.81 0.000
o 0.464 0.038 927 0.000
o 10 0.442 0.044 79%1 0.000
.
.

|***** | |* |
I***** | | |

|**** | | |

|**** | |

O~ RN

I***

|***

11 0.406 -0.01810.4 0.000

I |
.I*** I I
| | 12 0.398 0.063 5108 0.000

|***

Notes: CVarP denotes covariance of rice price and corn price.
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Table 4.3.f: Correlogram of CVarP*
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC PAC Q-StatProb

I******l |******|
|***** | |** |

I***** | |* |

1 0.799 0.799 15887 0.000
0.752 0.315 30R4 0.000
0.710 0.144 4267 0.000
0.683 0.106 544 0.000
0.624 -0.03842.83 0.000
. 0.579 -0.0228.06 0.000
e L 0.533 -0.08D0.48 0.000

o 0.489 -0.0861.81 0.000
o 0.464 0.038 927 0.000
o 10 0.442 0.044 79%1 0.000
.
.

|***** | |* |
I***** | | |

|**** | | |

|**** | |

O~ RN

I***

|***

11 0.406 -0.01810.4 0.000

I |
.I*** I I
| | 12 0.398 0.063 5108 0.000

|***

Notes: CVarP denotes covariance of rice price and soybeans.pric
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Table 4.3.g: Correlogram of CVarP®

Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC

PAC Q-StatProb

I******l
|******|
I******l
|*****|
I*****l
|**** |
I*** |
|*** |
I*** |
|
|

™

|******|

|*
|*

**l

|*

1 0897 0
2 0.824
3 0.766

4 0.725
5 0.628
6 0.549
7 0.482
8 0.424
9 0.375

.897 20037 0.000

0.100 37R5 0.000
0.054 5143 0.000
0.084 63w 0.000
-0.28349.70 0.000
-0.0826.24 0.000
-0.0885.52 0.000
-0.0281.58 0.000
0.113 961 0.000

10 0.341 0.054 /%2 0.000
11 0.315 0.0362B(% 0.000
12 0.285 -0.02044.7 0.000

Notes: CVarP denotes covariance of wheat price and corn price.
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Table 4.3.h: Correlogram of CVarP"*
Date: 09/04/13 Time: 21:05
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC PAC Q-StatProb

|***** | |***** |

1 0.698 0.698 12148 0.000
2 0576 0.172 260 0.000
3 0.508 0.111 26® 0.000

0.446 0.045 339 0.000

0.381 0.001 338 0.000

0.321 -0.0382.45 0.000

0.278 0.006 4R 0.000

0.272 0.067 4&1 0.000

. 0.251 0.020 4&F 0.000

o b 10 0.203 -0.0#27.95 0.000

o 1o 11 0.184 0.01164® 0.000

o 1o 12 0.156 -0.0468.04 0.000

I**** | |*

|
|**** | |* |
[ | ||
[ | ||
I**

|**

©Ooo~NoO U~

[

|**

Notes: CVarP® denotes covariance of wheat price and soybeaa.pric
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Table 4.3.i: Correlogram of CVarP"

Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC

PAC Q-StatProb

I******l

|**** |

I**** |

|*** |

I**
|**
I**
|**
I**
|**
I*

|*

|******|

1 0.763 0.763 14507 0.000

0.606
0.498
0.423
0.338
0.289
0.266
0.260
0.247
10 0.223

Co~NoahWN

0.057 28© 0.000
0.044 289 0.000
0.040 3324 0.000
-0.0393.52 0.000
0.038 3Bl 0.000
0.053 42 0.000
0.058 43 0.000
0.018 445 0.000
-0.0428.57 0.000

11 0.209 0.022944 0.000
12 0.197 0.014049 0.000

Notes: CVarf® denotes covariance of corn and soybeans prices.
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Table 4.3.j: Correlogram of CVarP*
Sample: 1987M07 2007M12
Included observations: 246

Autocorrelation Partial Correlation AC PAC Q-StatProb

N el SR 1 0.950 0.950 224.50 0.000
N ool do ] 0.904 0.027 4282 0.000
0.860 -0.00814.74 0.000
0.822 0.032 78k 0.000
0.799 0.147 9464 0.000
0.774 -0.026098.8 0.000
0.750 0.007 124 0.000
0.732 0.071 185% 0.000
0.714 0.025 16D 0.000
10 0.702 0.036 38.1 0.000
* 11 0.701 0.141 3.6 0.000
o 12 0.702 0.065 98.1 0.000

I******l | |
|******| | |
I******l |* |
|******| | |
I*****l

|*****|

©o~NDIT AWM

I*****l
|*****|

I*****l

|*****|

Notes: CVarP® denotes covariance of corn and soybeans prices.
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Table 4.4: Correlation Matrix between the OLS Residals from Different Equations

VarP VvarP' varPF VvarP CvarP" CvarP¢® CvarP® CvarP* CvarP* CVvarP*
VarP 1

VarP" 0.34 1

VarP 0.06 0.28 1

VarP 0.20 0.70 0.21 1

CvarP¥ -0.15 -0.06 0.00 -0.01 1

CvarP® -0.12 -0.08 0.06 -0.02 0.76 1

CvarP®* -0.13 -0.09 0.05 -0.01 0.78 0.73 1

CvarP* -0.08 0.02 -0.02 0.02 0.82 0.57 0.46 1

CvarP* -0.05 -0.03 0.02 -0.02 0.80 0.44 0.69 0.78 1

CvarP* -0.13 -0.03 0.00 0.04 0.49 0.48 0.58 0.55 0.66 1

Notes: VarP, VarP" , VarP, and VarP denotes variance of rice price, variance of wieiae, variance of corn price, and
variance of soybeans price, respectively;

CvarP" CvarP® , CvarP® , CvarP , CvarP”® , and CVarP denotes covariance of rice price and wheat price,
covariance of rice price and corn price, covarianiceace price and soybeans price, covariance cfatlprice and corn
price, covariance of wheat price and soybean paicd,covariance of corn and soybeans prices regplgct

Breusch-Pagan test of Independence: chi2(45)= %7p48-0.0000;
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Table 4.5.a: OLS and SUR Estimation Comparison

VarP VarpP’
OLS SUR OLS SUR
0.64733*** 0.67132*** 0.55024** 0.54662%**
Lag 1 of Dependent (0.06701) (0.06068) (0.05504) (0.03896)
0.14091** 0.10219**
Lag 2 of Dependent (0.0684) (0.06203)

-0.00000062075*
(0.0000003702)

0.000000016801*
(0.000000009339)
0.000001235***

-0.0000006589*
(0.0000003385)

0.000000018334*
(0.000000008758)
0.0000012333***

Infrastructure

Development Index
0.000000011301 0.000000015991***
(0.000000007882)  (0.000000005692)
0.00000070388

Change Quota

Variance of Effective
Exchange Rate
Standard Deviation of
Sunspot Index
Degree of

(0.0000004222)

0.0000048277
(0.000004706)

0.0096843***

(0.0000003943)

0.0000056752
(0.000004262)

0.0092853***

(0.0000004611)

0.0088503***

0.000000709**
(0.0000003171)

0.010386***

Participation
0.00000050476**  0.00000053561**
Change Income (0.0000002515) (0.0000002302)
-0.00025917 -0.00027795 -0.00030402 -0.000271
D9192 (0.0001819) (0.0001761) (0.0001839) (0.0001751)
-0.0002481( -0.00019317 -0.000092074 -0.000040618
D95 0.0002443) (0.0002325) (0.0002603) (0.0001842)
0.00016649 0.00017131
D9899 (0.0001772) (0.000164)
Month Jan -0.00022561 -0.00024089 -0.00082887**  -0.00082558***
- (0.000239) (0.000236) (0.0002679) (0.0002661)
Month Feb -0.00025771 -0.00026276 -0.00071957*** -0.0007177***
- (0.0002375) (0.0002347) (0.0002652) (0.0002647)
Month Mar -0.00033129 -0.00033461 -0.00081211**  -0.00081063***
- (0.000237) (0.0002343) (0.0002648) (0.0002645)
Month_Apr 0.00025408 0.00025018 -0.0005484** -0.00054747**
(0.0002372) (0.0002345) (0.0002644) (0.0002643)
Month_May -0.00023531 -0.00025615 -0.00085373**  -0.00085217***
(0.0002403) (0.0002371) (0.0002649) (0.0002646)
Month Jun -0.00029713 -0.00029409 -0.00080498**  -0.00080447***
- (0.0002372) (0.0002345) (0.0002647) (0.0002644)
Month Jul 0.000075217 0.000072321 -0.00057933** -0.00057939**
- (0.0002411) (0.000238) (0.0002688) (0.0002664)
Month_Aug -0.00027543 -0.00029079 -0.00071907**  -0.00071769***
(0.0002394) (0.0002363) (0.0002649) (0.0002646)
Month_Sep -0.00028412 -0.0002786 -0.00073346**  -0.00073167***
(0.0002344) (0.0002317) (0.0002617) (0.0002614)
Month Oct -0.000043114 -0.000047323 -0.0007681*** -0.00076629**
- (0.0002341) (0.0002314) (0.0002614) (0.0002612)
Month Nov -0.00016054 -0.0001674 -0.00084944**  -0.00084695***
- (0.0002323) (0.0002295) (0.0002584) (0.0002583)
Constant 0.00021318 0.00021096 0.0011281 0.0011045
(0.0002402) (0.0002281) (0.000195) (0.0001912)
R-square 0. 7391 0. 7383 0.4211 0.4194
Adj. R-square 0. 7145 0. 3775
Durbin-H Stat. NA 0.03

Notes: VarPand VarP denotes variance of rice price and variance of wheat price, respectively;
Standard error are reported in parenthesis;
*** denotes significant at 1% conventional level, ** at 5% level, and * at 10% level,;
Variance of Effective Exchange Rate is in tbim of lagged 6-month;

Standard Deviation of Sunspot Index is in filen of lagged 6-month ;
Degree of International Trade Participation is kdj§-month in both VafRand Var® models
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Table 4.5.b OLS and SUR Estimation Comparison

VarP VarP
OLS SUR OLS SUR
0.977% 0.96724" 0.90924* 0.91249%*
Lag 1 of Dependent (0.01955) (0.01886) (0.02787) (0.02143)
Infrastructure -0.00000000020529***  -0.00000000020596***  -0.0000000014572*** -0.000000001447***
Development Index (0.00000000002698)  (0.000000000026)  (0.0000000003396)  (0.0000000002416)
0.0000000050696***
0.0000000052089***
Change Quota (0.000000001611) (0.000000001578)
Degree of 0.014879* 0.017073*
International Trade (0.008151) (0.007975)
Participation
-0.00055695
-0.00064442
D9192 (0.0005016) (0.0004801)
_ *
osorzer SO
(0.00005544) :
0.00073019*
0.00070677
D9899 (0.0005473) (0.0003944)
Month Jan 0.000016084 0.000017069 -0.0013057* -0.0013097*
= (0.00005478) (0.00005502) (0.0006894) (0.0006906)
Month Feb -0.00014091** -0.0001388* -0.0014525* -0.0014559**
_ (0.00005491) (0.00005514) (0.0006892) (0.0006904)
Month Mar -0.00012392** -0.00012224* -0.0011563* -0.0011586*
_ (0.00005485) (0.00005508) (0.0006889) (0.0006903)
Month Apr -0.00010423* -0.0001028* -0.0011594* -0.0011617*
_AP (0.00005482) (0.00005506) (0.0006889) (0.0006903)
Month Ma -0.00015491 *** -0.00015354%+ -0.00092068 -0.00092296
_May (0.00005481) (0.00005505) (0.0006889) (0.0006903)
Month Jun -0.000095358* -0.00009454* -0.0018777%* -0.001881**
= (0.00005477) (0.00005501) (0.0006891) (0.0006904)
Month Jul -0.00010876** -0.00010789* -0.0014738 ** -0.0014747*
= (0.00005477) (0.00005501) (0.0006886) (0.0006901)
Month AL -0.00011061** -0.00010984* -0.0013269* -0.001327*
_Aug (0.00005477) (0.00005501) (0.0006886) (0.0006901)
Month Se -0.00012028* -0.00011966** -0.0014305* -0.0014293*
_>€p (0.0000541) (0.00005434) (0.0006804) (0.0006819)
Month Oct -0.00012498* -0.00012456* -0.0015301* -0.0015283*
_ (0.0000541) (0.00005433) (0.0006804) (0.0006819)
Month Nov -0.00011482%* -0.00011481* -0.00047453 -0.00047505
_ (0.00005409) (0.00005428) (0.0006806) (0.0006782)
Constant 0.00010982%* 0.00011901 %+ 0.0018609%** 0.0018242%+*
(0.00004391) (0.00004374) (0.0005277) (0.0005133)
R-square 0.9239 0.9238 0.8870 0.8870
Adj. R-square 0.9188 0.8791
Durbin-H Stat. 0.07 0.34

Notes: VarP and VarP denotes variance of corn price and variance of soybeans price, respectively;
Standard error are reported in parenthesis;
*** denotes significant at 1% conventional level, ** at 5% level, and * at 10% level,;
Degree of International Trade Participation is dj§-month in VarPs model.
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Table4.5.c: OLS and SUR Estimation Comparison

CvarP” CvarP*
oLS SUR OLS SUR
0.59779% 0.70845 0.80982" 0.88747
Lag 1 of Dependent (0.06457) (0.02652) (0.06575) (0.0358)
0.1533* 0.074979* 0.11964* 0.042023
Lag 2 of Dependent (0.06411) (0.02085) (0.06513) (0.03445)
Infrastructure -0.00000000002039 -0.0000000000412 -0.00000000013814*** -0.00000000013965***

Development Index
Change Quota

Standard Deviation
of Sunspot Index
Degree of
International Trade
Participation

Change Income
Month_Jan
Month_Feb
Month_Mar
Month_Apr
Month_May
Month_Jun
Month_Jul
Month_Aug
Month_Sep
Month_Oct
Month_Nov

Constant

(0.0000000000458)
0.0000000085918***
(0.000000002773)
0.0000027417
(0.000001782)

0.0030467***
(0.001108)

0.000000055228**
(0.00000002872)
0.00026729**
(0.00009186)
0.00004356
(0.00009272)
0.000019205
(0.00009208)
-0.0000072139
(0.00009179)
0.00018526**
(0.00009185)
-0.0000047286
(0.00009216)
0.0000046548
(0.00009199)
0.00018451**
(0.00009182)
0.000019855
(0.00009124)
0.000018891
(0.0000909)
0.000070022
(0.00009065)
-0.000055344
(0.0000931)

(0.00000000002689)

0.0000000050169***
(0.0000000009075)
0.0000018725%*
(0.0000005306)

0.0029226***
(0.0009403)

0.000000025579*
(0.00000001457)
0.00027907*+
(0.00009149)
0.000023704
(0.00009161)
0.000028721
(0.0000915)
-0.00000089484
(0.00009147)
0.00019623*
(0.00009148)
-0.000013429
(0.00009152)
0.000016568
(0.00009149)
0.00019441*
(0.00009148)
0.000013151
(0.00009042)
0.000029439
(0.00009039)
0.000078289
(0.00008971)
-0.000018895
(0.00006829)

(0.000000000008741)

0.0000000012645**
(0.0000000005071)

0.00039812*
(0.0002151)

0.0000000055893
(0.000000004846)
0.000046425**
(0.00001775)
0.000022222
(0.00001787)
-0.000000017012
(0.00001773)
-0.0000066953
(0.00001776)
0.000029605*
(0.00001777)
-0.0000007946
(0.00001776)
0.0000042174
(0.00001776)
0.000040644**
(0.00001773)
-0.00000213
(0.00001758)
0.00000026544
(0.00001756)
0.000010636
(0.00001752)
-0.0000016982
(0.00001476)

(0.000000000007755)

0.00000000059541**
(0.0000000002701)

0.000381*
(0.0001844)

0.0000000027171
(0.000000003776)
0.00004791 %+
(0.00001772)
0.000019845
(0.00001776)
0.00000015198
(0.00001772)
-0.0000050788
(0.00001773)
0.00003149*
(0.00001773)
-0.0000018525
(0.00001773)
0.0000059804
(0.00001773)
0.000041594**
(0.00001772)
-0.0000039022
(0.00001752)
0.0000020858
(0.00001751)
0.000011142
(0.00001746)
0.0000030894
(0.00001347)

R-square
Adj. R-square
Durbin-H Stat.

0.6027
0.5709
NA

0.5945

0.8807
0.8717
NA

Notes: CvarP’ and CVarP denotes covariance of rice price and wheat pricecavariance of rice price
and corn price, respectively;

Standard error are reported in parenthesis;
*** denotes significant at 1% conventional level, ** at 5% level, and * at 10% level,;
Standard Deviation of Sunspot Index is laggedozth in CVarPrw model;

Degree of International Trade Participation is Edy§-month in both CVarPrw and CVarPrc model.
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Table 4.5.d OLS and SUR Estimation Comparison

CvarP* CvarP”
OLS SUR OLS SUR
0.81722" 0.88872" 0.78678" 083454
Lag 1 of Dependent (0.06482) (0.03255) (0.0404) (0.02122)
0.085816 0.017303
Lag 2 of Dependent (0.06511) (0.03003)

Infrastructure
Development Index
Degree of International
Trade Participation

-0.00000000012478*  -0.00000000012467** -0.00000000011738*** -0.00000000011629***
(0.00000000005582) (0.00000000003972)  (0.00000000001147)  (0.00000000000714)

0.0046426%* 0.004688*+ 0.00030719 0.00026302
(0.001351) (0.00108) (0.0002763) (0.0002301)
0.00000003947 0.000000037735
(0.00000003367)  (0.00000002489)
-0.000082785 0.0000041043

Change Income

-0.000033784** -0.0000088049

D9192 (0.00008406) (0.00004509) (0.00001694) (0.000008888)
D989 0.000063812 0.000077907*
(0.00008453) (0.00003566)
Month Jan 0.00016713 0.00016604 0.000077031**  0.000077865***
— (0.0001131) (0.0001128) (0.0000233) (0.00002339)
Month Feb -0.000027066 -0.000040412 0.000011404 0.0000092157
- (0.0001137) (0.000113) (0.00002336) (0.00002341)
Month Mar -0.000059563 -0.000057271 0.000010213 0.0000087806
- (0.0001132) (0.0001128) (0.00002332) (0.0000234)
Month_Apr -0.000070482 -0.000067442 0.000010379 0.0000095985
— (0.0001132) (0.0001128) (0.0000233) (0.00002339)
Month_May 0.00013733 0.00014087 0.000037301 0.000037026
- (0.0001132) (0.0001128) (0.00002329) (0.00002339)
Month Jun -0.000022268 -0.000033854 -0.0000014524 -0.0000026114
— (0.0001136) (0.0001129) (0.00002331) (0.0000234)
Month Jul -0.000094995 -0.000093291 0.000014373 0.000014364
onth_Ju (0.0001132) (0.0001128) (0.00002329) (0.00002339)
Month_Aug 0.000095694 0.00010126 0.000044748* 0.000044888*
— (0.0001132) (0.0001128) (0.00002329) (0.00002339)
Month_Sep -0.000068513 -0.00007594 0.000010769 0.0000097576
- (0.0001119) (0.0001115) (0.00002303) (0.00002312)
Month Oct -0.000071711 -0.000066616 0.000011741 0.000011282
- (0.0001118) (0.0001114) (0.00002301) (0.00002311)
Month N -0.000029016 -0.000024851 0.000013808 0.000014198
onth_Nov (0.0001117) (0.0001108) (0.00002301) (0.00002295)
Constant 0.000090855 0.000079276 0.000032154 0.00001928
(0.00009157) (0.00008377) (0.00001902) (0.00001726)
R-square 0.8364 0.8345 0.7225 0.7193
Adj. R-square 0.8233 0.7043
Durbin-H Stat. NA -0.81

Notes: CVarP and CVarP denotes covariance of rice price and soybeans prid covariance of wheat
price and corn price, respectively;

Standard error are reported in parenthesis;
*#* denotes significant at 1% conventional level, ** at 5% level, and * at 10% level;
Degree of International Trade Participation is Bdj§-month in botiCVarP® andCVarP* models.
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Table 4.5.e: OLS and SUR Estimation Comparison

CvarP* CvarP*
OLS SUR OLS SUR
0.68445% 0.79203* 0.079692 0.063119
Lag 1 of Dependent (0.04709) (0.02287) (0.06663) (0.04161)

Infrastructure -0.00000029558*  0.000000057485 0.00000041095** 0.00000040019***
Development Index (0.0000001467)  (0.00000005542) (0.00000007168)  (0.00000005128)
Degree of International 0.0041004* 0.0033696***

Trade Participation (0.001627) (0.001174)

Standard Deviation of  0.0000033731 0.0000019993*

Sunspot Index (0.000002522)  (0.0000009264)

0.0000002813* 0.000000011391

Change Income (0.0000001081) (0.00000004261)

-0.00019652**

-0.000051409

D9192 (0.00009866)  (0.00003838)
D5 -0.00010621  -0.00004108
(0.0001354)  (0.00004817)
0.00022026*  0.00011334**
D9899 (0.0001032)  (0.00003987)
Month Jan 0.00032913*  0.00034032*  -0.0000098378  -0.0000079375
= (0.0001322) (0.0001314) (0.00004146) (0.00004144)
Month Feb -0.000017735  -0.000041987  0.0000036419 0.000005066
- (0.0001327) (0.0001316) (0.00004112) (0.00004124)
Month Mar 0.00001398  0.0000042114  -0.00006501 -0.000063975
- (0.0001323) (0.0001315) (0.00004094) (0.00004117)
Month_Apr 0.0000012099  -0.0000036905  -0.000035446 -0.00003558
- (0.0001322) (0.0001314) (0.00004073) (0.00004108)
Month M 0.00010688 0.00010826 -0.000030878 -0.000030615
onth_May (0.0001321) (0.0001314) (0.00004074) (0.00004109)
Month Jun -0.0000252  -0.000028493 -0.00004655 -0.000046179
= (0.0001323) (0.0001315) (0.00004075) (0.00004109)
Month Jul -0.000033897  -0.000033304  -0.000064747 -0.000064628
= (0.0001321) (0.0001314) (0.00004073) (0.00004108)
Month_Aug 0.000096519  0.00010767 -0.000042727 -0.00004293
- (0.0001322) (0.0001314) (0.00004073) (0.00004109)
Month_Sep 0.000022001 0.0000265 -0.00003248 -0.000032333
= (0.000131) (0.0001299) (0.00004024) (0.00004059)
Month Oct 0.0000055016  0.0000080365  -0.000049911 -0.000049576
= (0.0001307) (0.0001299) (0.00004026) (0.0000406)
Month Nov 0.00001421  0.0000077974  -0.000057361 -0.000058123
- (0.0001291) (0.0001284) (0.00004017) (0.00004033)
Constant 0.000055978  0.000047304 0.000032876 0.000032533
(0.0001281)  (0.00009942) (0.00002883) (0.00002906)
R-square 0.6359 0.6184 0.1785 0.1782
Adj. R-square 0.6050 0.1321
Durbin-H Stat. -0.18 NA

Notes: CVarP®* and CVarP denotes covariance of wheat price and soybeaos and
covariance of corn price and soybeans price, respectively;

Standard erradre reported in parenthesis;

*** denotes significant at 1% conventional level, ** at 5% level, and * at 10% level;
Standard Deviation of Sunspot Index is in fitven of lagged 2-month;
Degree of International Trade Participation is dj§-month in boticVarP* model
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Table 4.6: Correlation Matrix between Monthly Seasaality from Different Models

VarP VarP' varP VarP CvarPV CvarP® CvarP* CvarP* CvarP* CvarP*
varP  1.00
VarP" 0.79 1.00
VarP 0.00 -0.09 1.00
VarP -0.01 -0.27 -0.15 1.00
CvarPV -0.43 -0.43 0.50 0.31 1.00
CvarP® -0.46 -0.34 0.42 0.19 0.94 1.00
CvarP* -050 -0.49 0.43 0.22 0.96 0.91 1.00
CvarP*® -0.28 -0.27 0.67 0.19 0.96 0.90 0.89 1.00
CvarP* -0.32 -0.38 0.76 0.14 0.91 0.79 0.85 0.96 1.00
CvarP* -0.21 -0.07 0.27 -0.16 0.35 0.48 0.42 0.40 0.41 001.

Notes: VarP, VarP' , VarP, and VarP denotes variance of rice price, variance of wipeiae, variance of corn price,
and variance of soybeans price, respectively;

CvarP" CvarP® , CvarP® , CvarP , CvarP*® , and CVarP® denotes covariance of rice price and wheat price,
covariance of rice price and corn price, covarianfcece price and soybeans price, covariance aat/iprice and corn
price, covariance of wheat price and soybean paicd,covariance of corn and soybeans prices regplgct
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Table 4.7: Elasticities at the Means for Major Indgendent Variables

VarP varP" varP varP CvarP" CvarP® CvarP® CvarP*° CvarP® CvarP®
Infrastructure Development Index-0.20** -0.0051** -0.0052*** -0.002 -0.013*** -0.0024*+  9.013** -0.034 0.14%**
Change Quota 0.037* 0.060***  0.019*** 0.031***  0.0079**
Variance of Effective Exchangeolou*** 0.012%
Rate
Standard Deviation of Sunspo(gl072 0,065+ 0,052+
Index
International Trade Participation 0.0046*** 0.010*** 0.0023** 0.0046*** 0.0013** 0.0037*** 0.0011 0.003%*
Change Income per Capita 0.28** 0.036* 0.0083 0.026 0.013

Notes: VarP, VarP", VarP, and VarPdenotes variance of rice price, variance of wipeiat, variance of corn price, and variance of sayis price, respectively

CvarP" CvarP¢, CvarP®, CvarP, CvarP*®, and CVarfP denotes covariance of rice price and wheat pcieeariance of rice price and corn price, covariasfagce price
and soybeans price, covariance of wheat price armdprice, covariance of wheat price and soybe&re pand covariance obrn and soybeans prices respectively;

*** denotes significant at 1% conventional levet,dt 5% level, and * at 10% level
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Table 4.8: Test the Equality of Coefficients acrosSUR Equations

Variable F-statistics P-value
Infrastructure Development Index 16.93 0.00000
Change Quota 12.05 0.00000
Variance of Effective Exchange Rate 1.20 0.23100
Standard Deviation of Sunspot Index 0.38 0.68251
Degrge of International Trade 552 0.00000
Participation

Change Income 2.49 0.04132
D9192 1.02 0.40168
D95 0.48 0.69742
D9899 1.27 0.28265
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Figure 2.1: Monthly Market Price of Major Grains in China, 1987 -2007
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Figure 2.2: Aggregated Price Risk Indexes Obtaineffom Different Approaches
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Notes: VP vP™™ "and VP ™ denotes aggregate Tornqvist-type price risk iridexhich

risk of individual prices is specified by GARCH mad M Het model, Naive approach
respectively; VPG | VP™M and VPN denotes the aggregate price risk obtained from
univariate GARCH model, univariate M Het model, &hmive approach based on Tornqvist price

index over commodities respectively.
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Figure 3.1: China’s Crop Regions and Production Disibution Map
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Notes: Maps are adapted from
http://www.air-worldwide.com/Publications/AIR-Cunts/Agricultural-Risk-and-the-
Crop-Insurance-Market-in-China/
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Figure 3.2: China’s Crop Planting and Harvesting Céendar
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Figure 3.3.a Monthly Seasonality Pattern (VP™®)

0.0001 -
_ ]
° | | | Apr | | | ! | | | |
-0.0001 ]
-0.0002 -
-0.0003 -
-0.0004 -
-0.0005 -
-0.0006 -

Notes: VP°™® denotes aggregate Tornqvist-type price risk indewhich risk of individual prices is
specified by GARCH model.
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Figure 3.3.b Monthly Seasonality Pattern (V™)
0.002 -

0.0015 -

0.001 -

o I I I I
0 T T I T T T I T T T T T -
Jan Feb Mar Apr May Jun Jul I l

Oct

-0.0005 -

-0.001 -

Notes: VP°™ denotes aggregate Tornqvist-type price risk indexhich risk of individual prices is
specified by M Het model.
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Figure 3.3.c Monthly Seasonallty Pattern (Vf-'r”rnN

0 1
-0.005
-0.01

-0.015

1

-0.02 -~

-0.025 -

Notes: VP°™ denotes aggregate Tornqvist-type price risk indewhich risk of individual prices is
specified by Naive approach.
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Figure 3.3.d Monthly Seasonality Pattern (VP°™°)
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Notes: VP°"5C denotes the aggregate price risk obtained fronsamiste GARCH model based on
Torngvist price index over commodities.
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Figure 3.3.e Monthly Seasonality Pattern (VF™M)
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Notes: VP°™M denotes the aggregate price risk obtained fromauiaite M Het model based on
Torngvist price index over commodities
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Figure 3.3.f Monthly Seasonallty Pattern (VI5OrnSN
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Notes: VP°™N denotes the aggregate price risk obtained fronvéNapproach based on Tornqvist
price index over commodities.
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Figure 4.1.a Monthly Seasonality Pattern (VarP)
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Notes: VarPdenotes variance of rice price;
Seasonality is estimated from OLS model.
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Figure 4.1.b Monthly Seasonality Pattern (VarP)
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Notes: VarP denotes variance of wheat price;
Seasonality is estimated from OLS model.
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Figure 4.1.c Monthly Seasonality Pattern (VarP)
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Notes: VarPvariance of corn price;
Seasonality is estimated from OLS model.
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Figure 4.1.d Monthly Seasonality Pattern (VarP)
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Notes: VarPdenotes variance of soybeans price;
Seasonality is estimated from OLS model.
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APPENDIX TWO

Measuring Price Risk for Multiple Commodities
Using Multivariate Diagonal BEKK GARCH Models

Chapter 2 of the thesis focuses on the two-stepegowith the assumption of constant
conditional correlation (CCC) for modeling condited covariances. Here we consider a
common alternative to CCC: a diagonal BEKK multistg GRACH model, which assumes that
conditional correlations vary over time. The caatieln between an aggregate price risk index
based on a diagonal BEKK model and the aggregate psk index based on two-step CCC
multivariate GARCH model (described in Chapter 2)0i97. The similarity of aggregate risk
indexes supports use of the simpler CCC assumption.

In theory, extending univariate GARCH to general Itmariate GARCH is
straightforward, following Bollerslev, Engle and Wdridge (1988). Consider the error process
& = (&4,E5,€y)" IS an N-dimension time series. By convention, vesuae thate, is
conditionally heteroskedastic as:

g =nH? (A2.1)

wheree, =y, - (y,), n, follows a multivariate Gaussian distribution wil{s,) =0

andEnn, =1,andH, = [hfjJ is the N x N conditional variance-covariance matrix £f

In the multivariate setting, every conditional \ete and covariance is a function of all
lagged conditional variances and covariances. Hmeml multivariate GARCH (p,q) model of

Bollerslev, Engle, and Wooldridge (1988) is:
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q p
vechH,) =c+ ) Aveche _,&[,)+vechy BvechH, ) (A2.2)

m=1 n=1

In equation (A2.2), the vectarrepresents deterministic components of the covesmn
and contains (N(N+1)/2)parameters. A and B are parameter matrices with eae containing
(N(N+1)/2¥ elements. However, due to the large number ofrpafrers, this model is intractable
for empirical research. Alternatively, for empitdicaork, the diagonal BEKK GARCH model
was developed by Baba, Engle, Kraft and Kroner @L.9%his multivariate model is commonly
estimated in empirical work and assumes non-cohstamditional correlations. The diagonal
BEKK model defines the coefficient matrices A an&a8diagonal matrices. The basic diagonal

BEKK GARCH model is specified as:
q p
H =QQ'+> A& & A+ BH_ B (A2.3)
m=1 n=1

Where A,, B,, and Q are all N x N parameter matrices, ar@ is a lower triangular

matrix.
According to Bollersleve, Engle, and Wooldridge 489 the main advantage of this
model is that the number of parameters decreasdgNe1)/2+2N while still maintaining the

positive definiteness of

As an alternative to the CCC multivariate GARCH mlooth Chapter 2, a four price
diagonal BEKK model was programmed and estimat@ayusviews. The estimated results for
diagonal BEKK model under multivariate normal distition are reported in Table A2.1. In the
covariance equation, all coefficients are significat 1% level except for the coefficient on
residuals of soybeans.

An aggregate price risk index using the price varégs and covariances estimated from

the diagonal BEKK model is also constructed. Theetation between the aggregate price risk
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index obtained from the BEKK model and the one ioleté from 2-step process and univariate
GARCH model presented in Chapter Two is 0.97. Theseaggregate price risk indexes are
plotted in Figure A.2.1. Overall the two aggregattiee risk indexes trend together except for the
initial period. Furthermore, individual price vami@es and covariances obtained from the above
two approaches are also compared, and resultseayesimilar except for the case of soybeans.
Since soybeans production has the lowest valueheffour commodities, this explains the
similarity of the aggregate price risk indexes. €ivhe similarity in results, this thesis employs

the simple two-step CCC multivariate GARCH modéhea than diagonal BEKK.
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Table A.2.1: Parameter Estimates of Diagonal BEKK Mdel for Grain Prices,1987-

2007

Estimation Method: ARCH Maximum Likelihood (Marquaidy

Covariance specification: Diagonal BEI

'“F = C(1)+C(2)* P'°" (-1)+C(3)* P'°F (-3)+C(4)* P'F (-6)

PWHEAT — C(5)+C(6)* FWHEAT ('l)+C(7)* FWHEAT ('2)+C(8)* FWHEAT (_6)

PCO"N = C(9)+C(10)* FF7" (-1)+C(11)* F*O™" (-2)+C(12)* F*O"" (-3)

OYBEAN — C(l3)+C(14)* ﬁOYBEAN ('1)+C(15)* ﬁOYBEAN ('2)+C(16)* ﬁOYBEAN (_5)

Coefficien Std. Erro z-Statistic Prob.
C(1) 0.0084 0.0074 1.1378 0.2552
C(2) 1.1031*** 0.044: 25.012: 0.000(
C(3) -0.0777 0.0612 -1.2692 0.2044
C(4) -0.0334 0.0363 -0.9217 0.3567
C(5) 0.0111 0.0096 1.1564 0.2475
C(6) 1.2146*** 0.060: 20.225: 0.000(
C(7) -0.2003*** 0.070¢ -2.830¢ 0.004¢
C(8) -0.023¢ 0.023¢ -1.002° 0.316(
C(9) 0.005: 0.004¢ 1.118¢ 0.263¢
C(10) 1.1682*** 0.0544 21.4597 0.0000
C(11 -0.003° 0.094¢ -0.039/ 0.968:
C(12) -0.1692*** 0.0624 -2.7094 0.0067
Cc(13 0.006: 0.011: 0.547: 0.584.
C(14 1.0510*** 0.061( 17.222: 0.000(
C(15) 0.0894 0.0822 1.0866 0.2772
C(16 -0.1414*** 0.035: -4.020: 0.000:
GARCH =M + A1*RESID(-1)*RESID(-1)*Al + B1*GARCH()*B1
Variance Equation Coefficient Std. Error Z-Statist Prob.
M(1,1) 0.0001*** 0.000( 2.929( 0.003¢
M(1,2) 0.0002*** 0.0000 3.7539 0.0002
M(1,3) 0.0000*** 0.000( 3.362: 0.000¢
M(1,4) 0.0001*** 0.0000 3.6158 0.0003
M(2,2) 0.0004*** 0.0001 3.6010 0.0003
M(2,3) 0.0001*** 0.0000 3.7378 0.0002
M(2,4) 0.0001*** 0.0000 3.7425 0.0002
M(3,3) 0.0000%*** 0.000( 3.907: 0.000:
M(3,4) 0.0000*** 0.000( 3.711¢ 0.000:
M(4,4) 0.0001*** 0.000( 3.454¢ 0.000¢
A1(1,1) 0.4254*** 0.0398 10.6867 0.0000
Al1(2,2) 0.2760*** 0.067¢ 4.088" 0.000(
Al1(3,3) 0.1792*%** 0.027¢ 6.458( 0.000(
Al(4,4) 0.0389 0.0401 0.9686 0.3327
B1(1,1 0.8889*** 0.022¢ 39.397: 0.000(
B1(2,2) 0.7189*** 0.0836 8.5976 0.0000
B1(3,3 0.9766*** 0.006( 161.689 0.000(
B1(4,4) 0.9988*** 0.0023 427.3634 0.0000




Table A.2.1: Parameter Estimates of Diagonal BEKK Mdel for Grain Prices,1987-

2007(Cntd.)

Log likelihooc 1899.86! Schwarz -14.6851!
criterior

Avg. log likelihood 1.930757 Hannan-Quin -14.97456
criter.

Akaike info criterion -15.16964

Log likelihood 1899.865 Schwarz -14.68516
criterion

Notes: *** denotes 1% significance level, ** 5% gificance level, * 10% significant lev

In Covariance Equation,. P"*, 2= P"™2 3= P" and 4: P****"

P™ denotes rice price,"P* denotes wheat price,*¥ denotes corn price, and®P**"*denotes|

soybeans price.

16C



Figure A.2.1: Plot of Aggregate Price Risk Index Otained from Two Different

Approaches
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Notes: VP denotes aggregate Tornqyvist-type price risk iridexhich risk of individual prices is
specified by univariate GARCH model; VP denotes aggregate Tornqvist-type price risk iridex
which risk of individual prices is specified by rtivariate diagonal BEKK GARCH model.
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