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ABSTRACT

China is the biggest importer of cotton in the \dpdnd it is of great interest to analyze its intipor
demand system for cotton. Noteworthy is that cottodeemed an intermediate commaodity for
textile production instead of a direct consumptorre, hence this thesis adopts a two-stage cost
minimization procedure resembling the Armington Mbtb study China’s demand for cotton
differentiated by their countries of production lwé focus on the substitution effects and weak
separability between various sources. The CDE iomat form is utilized for the cost function to
generalize the Armington settings. Unlike formemrksy this thesis estimates the demand system
with the Bayesian Bootstrap Multivariate Regressiand report the posterior distributions of
coefficients and Allen elasticities of substitutidrne results demonstrate that the CDE functional
form may still be too demanding to be completelgsistent with the data. Three weak separable
structures are tested, and it can be concludedhbaassumption of different separable structures
improves the consistency between the model andtdatarious extents. The U.S. cotton is the
least sensitive to its own price changes while ¢b#on from Egypt and Sudan is the most
sensitive. The overall substitution effects betwearious cotton import sources appear to be

relatively small.

Keywords: China, cotton import demand, generalized Armingtéodel, CDE functional form,

Bayesian Bootstrap Multivariate Regression, All&astcities of substitution
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CHAPTER 1 — INTRODUCTION
1.1Background

China is one of the fastest growing economies énvtiorld. With a population of 1.35 billion in
the end of 2011 (China Statistical Yearbook, 3012, it is the most populated country on the
globe. In the same year, its GDP is 47211.5 bilfoan at current prices, and within the last two
decades, the country maintained an annual econgraigth rate of over 7% in each and every
year. Currently, China is the second largest ecgnafter only the U.S.A. The agriculture of
China counts for just over 10% of the country’'s GDilst 34.8% of the total employed
population works in this sector; the industry odespt6.6% of the GDP with 29.5% of the labor
force working in the industry; the service industops up a portion of 43.4% in the GDP

employing 35.7% of the working population.

The agricultural sector of China accounts for atre¢ly high proportion in the GDP and employs
more than a third of the labor force while in deysd countries represented by the U.S.A.,
agriculture takes only around 1% of GDP, and sofieoR the population works in the sector; the
agricultural production module in China is labaoteinsive with farmers possessing a small
fraction of land with an average of 0.6 hectaresfaan, compared to the U.S.A. where farms
produce with a rather high level of mechanizationd @wn large areas of land averaging 619
hectares for each individual farm (U.S. Internadlorfrade Commission, 2011). Therefore,
agriculture is of great concern in China. Since ltgt millennium, the Chinese government has
altered its fundamental agricultural policies ddly when it abolished agricultural taxes in the
purpose to transfer to surplus in the agricultgedtor to the industry, and initiated subsidizing
agricultural production, aiming at the guaranteatiomal food safety. In the meantime, a stable
growth in the income of Chinese households is atzatinually increasing the food demand,

which contributes to the leaning of governmentge$ towards agriculture (Ni, 2013).
1.2 Cotton production and import of China

Despite the largest agricultural economy in thelgyoChina is still relying on imports in several

key agricultural products, among which cotton isos& only to soybeans in the value of imports.
China itself is the biggest cotton producer worldigyiwhich produced 6.59 million tons of cotton
in 2011 (China Statistical Yearbook, 2012). Figar#& in Appendix A demonstrates the annual

cotton production of China from 1992 to 2011. Dgrthe period, the cotton production in China
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fluctuated between the lowest of 3.74 million tams993, the year in which a global setback in

cotton harvest took place, and the highest of miion tons in 2007.

In the meanwhile, being the largest producer arube&r of textiles, China consumes a great
amount of cotton as well. Thus, though the couitsgif is producing globally the most cotton,
China in the meantime is also the top cotton imgrpwhich accounted for 43% of the total world
import in the year 2005/06 (Wakelyn and Chaudhé&4® when its import of cotton reached the
highest in quantity. Since its accession to the ldVd@rade Organization (WTO) in 2001, the
guantity of cotton imported by China has risen driaally. Currently, China counts up to one
third of the world trade in cotton, as in 2011 rtported 3.57 million tons of various types of
cotton with a total value of 9.47 billion U.S. Der$, which originate from seven main sources,
namely West Africa, Egypt and Sudan, Central Alsidp Subcontinent, Australia, U.S.A. and the
rest of the world. Figure 1.2 shows the amountatfon imported by China from 1992 to 2011
from the seven major sources and the aggregatetityudt can be observed that within the two
decades, the quantity of cotton imported by Chiihdahe lowest of 44.7 thousand tons in 1993
when, as stated before, a worldwide shortage gblgwgiroke the cotton market, and reached its
highest of 3.98 million tons in 2006. Figure 1.3 the total value of this cotton imported. The
import value of China witnessed the lowest of 2%iflion dollars in 1993 and the peak of 9.68

billion dollars in 2011.

It is meaningful to look generally into the goveremal policies of China with respect to cotton
import. According to WTO Trade Policy Review on Gai(WTO Trade Policy Review Body,
2012), after the accession of China to the WTQtpootvas still listed as ‘state trade commodities’
in the formal report to the Secretariat, and autiedrfour state trading enterprises (STE) to import
cotton into the country, namely the China Natiohektile Import and Export Co., the Shanghai
Textile Raw Materials Co., the Tianjin Textiles Usdry Supply and Marketing Co., and the
Beijing Jiuda Textiles Group Co. In addition to th&ate trading restriction, cotton trade with
China is further limited with Tariff Rate Quota (TR that is managed by the National
Development and Reform Commission (NDRC) and theidiy of Commerce of People’s
Republic of China (MOFCOM). According to the Tra@elicy Review on China, quota for cotton
import allocated to STEs accounted for 33% of tteltquota that is allocated by the government
in 2011. The current TRQ policy measures an aveiragequota tariff of 4.8% and an out — of —

quota tariff of 50.4% that applies to all exporticguntries.
2



China is also integrating cotton into its internatl cooperation as the WTO China Government
Report (WTO Trade Policy Review Body, 2012) stateat within the WTO framework, China
has commenced its collaboration with African cotpwaducing countries by furnishing “superior
seeds, chemical fertilizers, agricultural machingéeghnologies and training of professionals to

these cotton producing countries.”
1.3Problem statement

China acceded to the WTO in year 2001, and thistdedn expectation that the fast growing
economy will stimulate the weak cotton market withremarkable demand for imported cotton,
which was anticipated to be increased even morthéyboost in trade of commodities such as
textiles from the country within the WTO framewolithout doubt, the cotton import of China

has skyrocketed in both quantity and value sind@28s demonstrated in the figures in Section

1.2.

The cotton imported, and actually the domestigattyduced as well, is deemed as an intermediate
product that mainly performs as the input to macifie textiles, one of the major export
commodities of China. As the result of state trgdiagime in cotton, along with the TRQ, the
Chinese government has the capability to allocagden priority to the consumption of the
domestically produced cotton over that of the indpar Thus, the quantity of cotton import not
only depends on the demand for textiles producedChina, but the estimated quantity of
domestically produced cotton as well. A straightfard illustration is that China’s import quantity
of cotton climaxed in 2006 within the most recemb tdecades following the elimination in 2005
of the Multi-Fiber Arrangement that restricted deped countries’ import of textiles from
developing countries including China. Yet both tméton import quantity and value significantly
decreased in year 2009 as the global economic diiske out in the end of 2008, resulting in a
drop of international demand of Chinese textilesthie same year, the domestic production of
cotton in China also declined, and continued tondie in 2010 with Chinese farmers cutting the
growth of cotton in response to the shrinking dednan2009. However, the recovery of world
economy partially restored the production and eixpbChinese textiles in 2010, leaving a huge
gap between domestically produced cotton and theabcotton demand, therefore the import
quantity of cotton grew by almost 80% and the inhp@alue more than doubled in that year in

comparison to the former one.



What is interesting to follow is the cotton impsttucture of China, which could be depicted with
the share of expenditure on importing from eachramuas the Figures 1.4 reveals. It is clear that
the expenditure shares of different sources of mnparied considerably both with different
sources of import and overtime in the two decada® 1992 to 2011. Thus, the question is then
raised on what the relationship is between theongtroduced and exported by the seven major
sources; how the price of cotton from one sourdectf the amount imported by China from
another; whether weak separability exists amonigréint sources and if so, what the separable
structure is. To carry out such analysis involvetingating a demand system for imported cotton.
In addition, institutional affairs such as the nmagdobal shortage in supply of cotton in 1993,
China’s accession to WTO in 2001 and the elimimatd the Multi-Fiber Arrangement in 2005
are also to be taken into consideration. Integgatirese patterns, the demand structure of China
for imported cotton from various sources, and thiestitutability and separability among them are

to be investigated into.
1.4Research hypothesis

The research assumes that the cotton imported maG@ine differentiated regarding the sources of
export, which is justified as the quality and cleéees do vary between different cotton exporting
countries according to the report released byrternational Cotton Advisory Committee (ICAC)
on the overall technology, production and marketofgcotton in the world (Wakelyn and
Chaudhry, 2010). In order to perform the analyssctibed in Section 1.3, based on policy
patterns and economic theories on the cotton maskeChina are the following research

hypotheses:

1) The cotton, be it domestically produced or impartsdput into textile manufacture as an
input because the main use of cotton is in thad arel other applications of it in industries
such as medicine, defense and mobile industry atdou only a trivial ratio in total cotton

consumption of China.

2) The cotton import is controlled by the Chinese Goreent for it is listed as a state trade
commodity under TRQ limitation.

3) The Chinese Government utilizes imported cottonfitothe gap between the domestic

production and the actual cotton need following $trategy of minimizing the total cost of

importing cotton subject to the restriction thae ttotal supply of cotton meets the total



demand.
1.50bjectives

This thesis intends to analyze the demand struatfir€hina. As stated in Section 1.4, an
Armington-type origin differentiation is assumeaet yhis study will take one step further to adopt
a more generalized form than that of the Armingkdodel by relaxing the restriction that the
elasticity of substitution among all the import sms is constant. Moreover, to institutional affair
mentioned in Section 1.3, a number of dummy vaeslare to be included in the model, leaving
the degrees of freedom troublesome as the datal annual data is relatively short in time
series. Fortunately, the Constant Difference ostiddy (CDE) functional form first introduced by
Hanoch (1975) is suitable in this situation as as hrelatively few coefficients. Another fact
noteworthy is that with the frequentist economegfiproach, some of the coefficients fail to
satisfy the restrictions of validity laid by the €EDand hence Bayesian Bootstrap Multivariate
Regression (BBMR) algorithm developed by Heckelail Mittelhammer (2003) is utilized to
estimate the posterior distribution of the coeffits with the restriction of validity as the prior

information. The specific objectives of this thegis as following:

1) To estimate China’s demand structure for importenttoa from different sources

systematically;
2) To estimate the posterior mean and variance oficgfts with the Bayesian bootstrapping;
3) To estimate the probability with which the globalidity restrictions are satisfied;
4) To estimate the substitutability and separabilityoag various sources of imports;

5) To compare the performance of different separabletsire.
1.6 Organization of the thesis

The remainder of the thesis is organized as foligwin the second chapter, former work on
Chinese cotton import demand will be briefly revigly In the third, the theoretical and empirical
model will be determined. In the fourth, Bayesiacorometrics and Bayesian bootstrap
multivariate regression will be introduced. In tfigh, data and econometrical results will be

explained and discussed. Finally in the sixth olagbnclusion remarks will be addressed.



CHAPTER 2 - LITERATURE REVIEW

In this chapter, the literature relative to thiedis will be briefly reviewed. The chapter will be
divided into four parts: the first will brief th@searches on demand system and agricultural trade
models; the second will review the studies aboatititernational cotton market in a more general
view; the third will include works concerning thetton trade of China; the last will recall former

investigations into cotton import demand.
2.1 Models for demand systems and the trade in agriculiral products

The selection of functional forms and specificatafndemand systems could be traced back to
Stone (1954), and after that, sets of models coetinto be developed. Among them, the
Rotterdam Demand System developed by Theil (1968) Barten (1966) is one of the most
promising demand models. It was so named as baotil &hd Barten were in Rotterdam during
the 1960s. The initiative of this model is that tmmand system deems the expenditure share as a
probability with which the consumers or produceit spend their one dollar on a commodity of
input, delighted by the information theory and ttie expenditure shares resemble probabilities
for they are non-negative and can be summed uméoower all products or inputs. Then the
demand function is formulated with the expenditgteares, prices as well as the quantity
demanded for each individual commodities or inpiiise linear approximation to the Almost
Ideal Demand System (LA/AIDS) model is also commounsed in demand analysis. It was
introduced by Deaton and Muellbauer (1980) who thaeir specification of the demand
functions on a particular family of preference, mefynthe PIGLOG class allowing “exact
aggregation over consumers”, instead of the fundarokan arbitrary utility or cost functions

taken by the second-order approximation flexiblmaled systems, be it direct or not.

Both the Rotterdam Model and the AIDS Model havenessed great numbers of applications,
and many works then focused on the comparisoneofwio models. Alston and Chalfant (1993)
discovered that in many cases, the two models endedith similar results, and they furthered
their study by developing a test for these two nwd@d recovered that the U.S. meat demand
rejected the LA/AIDS Model but not the Rotterdamdéb The authors emphasized that this is by
no means evidence of superiority of Rotterdam &/&AIDS as the test may as well lead to
opposite results with another dataset, but thidystlid provide a rational standard to choose one

of the two models against the other.



Concerning the more specific application of impdetmand structures in a trading perspective,
Sarker and Surry (2006) gave a constructive reaéwterature in the intra-industry trade and
differentiated products typically common in agricwl products, claiming that the neoclassical
trade models such as the Hecksher-Ohlin-Samuelsmtelniocused more on the supply side of
international trading with homogeneity assumptiand thus had difficulties in explaining in trade
of heterogeneous products and the intra-industaigletr Then the paper reviewed New Trade
Theory coping with the challenges, and also intoedu models dealing with differentiated
products including the Armington Model and its getigation, as well as horizontal and vertical

differentiation represented by Lancaster models.

The most common differentiation in trading agriatdl products is featured by their nations of
production. One of the most widely used models tinpieical research in this area is the
Armington Model first introduced by Armington (1969n his inspiring paper, a two stage
process modeled the demand for a product of theurnars whose utility function is assumed to
be homogeneously weakly separable. In the firgestthe consumers maximize their utility by
determining the consumption of each product sultgettie income restriction; in the second stage,
with the total quantity of the interested produetided, the allocation of the total consumption of
it among various goods from different sources dfioris carried out referring to a demand

function taking the Constant Elasticity of Subgido (CES) form.

After the Armington Model was introduced, countlesspirical researches have been based on it,
yet this model still has deficiencies. To beginhyias pointed out by Alston et al. (1990), the
settings in the Armington Model were rejected byhbibie dataset from wheat imported by China,
Brazil, Egypt, the former U.S.S.R and Japan, whictounted up to 51% of the total wheat import
in 1984/85, and that from cotton imported by Frantay, Japan, Taiwan and Hong Kong, by
then the top five importing nations and regionscofton. Thus the authors cast doubt on the

appropriateness of taking the Armington restricifor granted in studies on international trade.

Further more, Ito et al. (1990) examined Armingtaesumptions with the dataset from
international rice trade with the importers aggtedainto one and the exporters clustered into
seven. The results of this study demonstratedtfieahomotheticity hypothesis in the Armington
Model was rejected, along with the CES demand fandhat implies income elasticities equal to

one. Yet this paper proposed potential adjustniatsmay save the Armington model from total



rejection in studies concerning the trading of @gtural products, which opened the curtain of a
series of researches attempting to modify and imgthis model. Three major modifications were
raised including: i) to estimate an extra aggredjatgport demand function before moving on to
the second stage instead of estimating merely émeadd function including both domestically

produced and imported products; ii) to substithie harket share of different types of goods for
the pure quantity in the second stage regressidriiqrio specify the model properly so that the
homotheticity and CES assumptions are satisfiedrdmement of the Armington Model in similar

approaches can also be seen in studies such agieri¢po (1993).

Yet another critical defect of the Armington Modslthat it permits no possibility to analyze
separability among diverse sources of imports beeduincludes a CES function that restricted
elasticities of substitution among all pairs of gwots to be the same and constant. Three different
concepts of separability have been developed (Gatdmnd Uzawa, 1964), namely strong
separability, weak separability and Pearce sepddyablio study the separable structure, the
products in the demand system are further dividéa subsets. Strong separability introduced by
Gorman (1959) and Strotz (1959) indicates thatnttaeginal rate of substitution between two
products from any two subsets, including the ca$era the two subsets are the same, is
independent on the quantity of consumption of pots&lexcluded from the two subsets. A second
concept of separability is the weak separabilitfindel by Strotz (1957) stating that the rate of
substitution between two products in the same subsedependent on the quantity consumed of
products out of it. The last separability is theafee separability introduced by Pearce (1961),
which requires the marginal rate of substitutiotween two products in the same subset to be
independent on the consumed quantity of any othedyct, be it in the same subset or not.
Though the application of separability leads tcslo$ information caused by the restrictions of
cross effect, it may still be beneficial to useaapility for the possibility provided by it to igre

the cross effect with products out of the subset this conclusion must be established upon that

plausible structures are introduced (Edgerton 1997)

The shortcomings mentioned above were fixed byirttreduction of the CDE functional form
developed by Hanoch (1975). The motivation of tlesvrfunctional form is to maintain the
flexibility of the so-called “second-order approxtion” models such as the translog model
developed by Christensen et al. (1973), while simphem as their number of coefficients are

proportional to the square of n, the number of potsl considered resulting in the boost of
8



computational costs with the increase of n, whiggravates their performance rapidly. Hanoch
assumed “implicit additivity” in his new model irdditing that “the indifference or isoquant
surfaces are strongly separable (additive) witheesto the n quantities, or the n unit-cost pfices
(Hanoch, 1975, pp396). With this assumption, thelehatill uses relatively few coefficients, the
number of which is proportional to n, instead &fimthe “second-order approximation” models,
whilst exempts the more restrictive hypotheseshan €ES framework of homotheticity and the
same constant elasticity of substitution for albdqarcts, thus enabling an analysis of separable
structures. Moreover, the model nests the CES #orchother more restrictive models such as the
non-homothetic CES model. Finally, unlike the cagtia flexible functional forms where only
local validity of curvature can be satisfied, gitdaforward global and local validity restrictionsa
laid on the elasticities of substitution in the CB®del. Thus, the CDE functional form provides
more possibilities in modeling importers’ demandictures than the CES form used in Armington

Model.

Several researches after have used the CDE fuatfiorm. Dar and Dasgupta (1985) estimated
the production frontier of U.S. manufacture withrStant Ratios of Elasticities of Substitution
(CRES) also introduced by Mukerji (1963) and CDHnie as well as their homothetic

counterparts, CRESH (Hanoch, 1971) and CDEH, r¢iseéc What was interesting was that

both CRES and CDE reported similar results, anthénmeanwhile, underwent similar problems
such as insignificant estimates of coefficientstia homothetic setting, the CRESH and CDE
models ended up with almost equivalent estimatesladticities of substitutions among inputs

including labor, capital, materials and energy.

Surry (1993) studied the European Community anieed with the CDE function and concluded
that the CDE function form can be extended to aukaneous estimation of the input demand
coupled by the outputs supply function with a miniput, multi-output technology. Furthermore,
it can also substitute for the CES function in Cataple General Equilibrium (CGE) models,

which generalize the model for both production eadsumption in international trade.

Surry et al. (2002) provided an application of CidBction in processed food demand in France
where the original Armington Model was rejectedeTtudy nicely reviewed the advantages of
CDE functional form. Then it proposed an Armingtsiyle two-stage procedure to model the

import demand system where the products were diiteted by their place of production, yet



unlike in the Armington model, based on non-homtithgreference of consumers with regard to
products originating from different sources. Simflmamework will also be hired in this thesis to

model the cotton import demand system of China.
2.2 Cotton markets and policies with an international gerspective

Cotton is one of the major agricultural productshwits vital role in textile and other industries,
and it is also a critical source of income for anber of developing countries and their main
exporting commodity. In this section, an attempinade to outline the cotton market within the

scope of international trade by briefly introducthe literature in this area.

Baffes (2004) gave an excellent description of wald cotton market before the year 2001,
which is of considerable importance to this thefgisjn this year China acceded to the WTO, and
marked the successive tremendous growth in its fimgfocotton. Within the four decades from
1960 to 2001, the global cotton production doubitedh 10 to 20 million tons as a result of the
progress in the quality of seeds and technolodiésrtlizers and irrigation, complemented by the
increasingly wide application of genetic modificatitechnology in cotton. With the total growth
area barely changed, the colossal increase inrcgttoduction attributed almost entirely to the
doubling in yields per hectare. Except for trach#b producer countries of cotton such as the
U.S.A., China, India, Central Asian countries andn€ophone African countries, Australia
emerged as a new significant producer whose cgitoduction was 325 times higher in the late
90s than it was four decades ago. The direct impaatotton market of the boost in production
was that the cotton price decreased considerabilgeirsecond half of the $Gentury, with the
real price in 2001 having decreased around 80% f®80. This price decline was further aided
by the ascending production and application of dbahfibers that almost tripled during the same
two-score period. Such price plummet could be detiag to developing countries whose cotton
sector plays a considerable role in their economigsh as the West African countries, more
notably in rural areas. Minot and Daniels (2005)atoded that the 40% decrease in world cotton
prices in 2002 compared to those in 2001 led t8 parcent higher short run rural area poverty in
the West African country Benin, with the long ruffeet leveling at 6 to 7 percent. However,
agricultural labor employment did not appear tastvengly affected by the world cotton prices in
Benin, as the cotton growth will be transferredhte growth of other agriculture products, which

had comparable labor intensity to that in cottartare
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The price of cotton has demonstrated yet anothéterpathat its volatility varied in four
sub-periods, namely before 1973, from 1973 to 19885, and afterwards. The price saw more
uncertainty in the second period than in the findtich decreased in 1985, and increased after that
year once again to twice the level of that bef@@3L According to Hudson and Coble (1999), the
time-to-maturity alone had little explanatory powier volatility of the cotton trade prices.
Meanwhile, weather was also insignificant as cotjoswth is widely dispersed, which may have
made the influence of weather “indifference” withgl@bal point of view. Thus, to explain the
pattern of volatility in cotton, one may need t@ude more on the demand and supply changes
taking place in the international market, whichfantunately, has been observed to be rather
different from year to year, leaving it difficulo tdecide the best model of explaining and

predicting price volatility in cotton trade withalong term framework.

With such importance of the cotton market, relapadicies should not be overlooked. The United
States, China and the European Union are the praticers with the biggest economy, and all
were supporting their cotton sectors with a varityneasures. Such policies of exporting cotton
producers led to the domestic price of the U.S22001 91% higher than the world price and that
of Greece and Spain, the two main producers inEide 144% and 184% higher, respectively.
(Baffes, 2004) Such supporting policies of the Ipigducers in the cotton market spelled
devastating influence on those less developed wdtton production being a main source of
income, especially African cotton producers sucBasin, 40% of whose total export and 7% of
GDP was contributed by its cotton sector. Stud@xhuded that if all the supporting policies were
to be removed, the world cotton price would hageniby 12.7% within a decade after 2001, and
the production in all producers would have incrdasgh the exception of the U.S.A. and EU,
and the less developed cotton producing countdeslly had been coping with them by different
means as introducing an offsetting support andiriegufor their abolition through WTO. Despite
this, these supporting were not likely to be congijeremoved. The United States Department of
Agriculture (USDA) introduced a Farm Bill in 200Ratt would not expire until 2007 ensuring the
cotton growers a minimum price that was more tliiy per cent higher than the world price by
then. As for the EU, cotton supporting policy wasqgeived as countermeasures to poverty with
most cotton growers in Southern Europe where thenre was relatively low. The inertia of the
supports given to EU cotton sector was maintainisd ay the absence of potential budge

expansion in subsidy because no potential newmrtsahe EU was cotton producer. Fortunately,
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to some extent, the negative impact on less degdlaptton producing countries of the supporting
policies by their more developed counterparts werapensated by the elimination of Multi-Fiber
Arrangement and the international cooperation @nog; aside to the reform in policies within

these countries leaning to the cotton sector.

Concerning the protective measures that main pdayerthe world cotton market are taking

involves almost the all ranges of trade distorfimdjicies. The two biggest producer and trader of
cotton, the U.S.A. and China, have both been heavigaging in protecting their cotton sectors
with the U.S.A. providing subsidies to cotton prodts on the export side and China introducing a

TRQ system on the import side.

Among the supporting policies on cotton sector,3kep 2 Program introduced by the U.S.A was
one of the most enthusiastically studied. In 2@@&is challenged by Brazil to WTO, seconded by
African cotton producers and Australia, which alinwg years later was supported by the WTO
appellate body in 2005 nearly completely. The USBsponded with a policy adjustment that
called for the abandon of the Step 2 Program. Pah €006) predicted the potential influence on
the international cotton market of removing the UcBtton subsidy with a partial equilibrium
model. Results demonstrated that the effect on cottodymtion and export of such liberalization
of trade distortions from the U.S.A. would not hemrly distributed among all other producers of
cotton, among which Brazil would see a 2% increafseotton export, Australia around 1% and
African cotton producing countries would hardly b8nfrom it. In addition to its uneven
distribution, the estimated increase of world cotpwice of the scenario was relatively small in
comparison with former researches, a mere 2.39eirsecond year, and would not last long for
the average of price increase was to be only ard8adver the five years to follow. Thus, the
long term results were likely to be a slightly redd world cotton production and trade with

practically little change in the world price.

Though it was the U.S. cotton support program tred been petitioned by Brazil and other
exporting countries against within the WTO, Panakt (2005a) claimed that more serious
suppression of world cotton trade was caused byna@hiTRQ system. In comparison to the
scenario introduced above where the U.S.A. remdagesotton subsidies, the assumption that

China abolished its TRQ would result in the priceinicrease by 5.17% one year after the

1 This model developed by Pan et at ( 2004) allavedysis of the international fiber market.
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liberalization, and the five-year average would2&4%, both more than twice higher than the
estimation of eliminating the U.S. subsidies. Rdgay the cotton production and trade, the
repercussion of removing the Chinese TRQ systemdamntradict that of the elimination of the

U.S. subsidies, for the former would result in apansion of both cotton production and trade.
Brazil again would be the biggest winner in thieregrio with an export increase of 3.24%,
followed by the African cotton producing countriesd even the U.S.A would enjoy a slight

export increase.

Pan et al. (2007) took one step further to anatiieesituation of cotton trade in an absolutely
free-trade market with the elimination of all tradistorting policies including domestic support
for the cotton sector and border barriers in amynfoExcept for the common, economic-theory
proving result that the removal of all trade distors would lead to an increase in world cotton
price of 10.50% and a 2.69% growth in total cott@ade within five years, a more noteworthy
contribution of this study was that it provided elisifying conclusions on countries with different
current policy settings. On the export side, eleion of all trade distortions would lead to an
expansion of export in countries with a relativielyw level of support for cotton sector prior to the
occurrence of trade free-up, which was the casenfust cotton exporters except for the U.S.A,;
with no surprise, the opposite would take placettier United States that was currently holding a
large support for its cotton production. On the amside, the situation would be reversed with
textile industries, the main sink of cotton impart,countries holding low duties being worse off,
yet those with comparatively high original domegstigport benefiting from a free trade cotton

market as the overall cost for raw cotton to prediextiles would be lower.

As stated above, the price of cotton has been mwlegile since the mid 1980s, and naturally
studies have also been following this trend. Fadigd Misra (2007) decomposed the prices of
cotton along with other fibers into two dimensiotiend and cyclical. The price of cotton

appeared with a stochastic behavior that was tagsand permanent, and if the former

characteristic prevailed, shocks would last, if agfe, shocks would be temporary. Another
interesting conclusion was that though at the firght the production and price of cotton would
be heavily dependent on that of the polyester,syeh relation was not backed by the study,
leading to a potential method in which cotton detheould be enhanced by reducing the price of
cotton relative to that of polyester. Aside fromdies concerning cotton prices from a market

perspective, Mutuc et al. (2012) took an unusuelpioint to analyze the relation between the
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climate change and cotton prices. It was recovératlif the global temperature rises BYC] a
6% increase in cotton price would occur, and if slcenario was changed into a more
extreme one with 5°C rise in global temperatures totton price would witness a

dramatic 135% rocket.
2.3 Cotton trade of China

Cotton is a vital agricultural product to China &ese it is both one of the major output of China’s
agriculture and the main input of its textile intyswhich partly explains that fact that before
China acceded to the WTO in December, 2001, itsocotrade, and actually most other
agricultural trade, had always been government-adtnated through STEs. Yet after that, China
has committed itself to transform its cotton tratnagement by phasing into a TRQ system so as
to limit the level of control power owned by thetipaal government over the trade flows. Just
one year later, Lohmar and Skully (2003) argued tlespite the admitted potential possibility,
this newly introduced system could not be provedbéo significantly impeding the overall
agricultural trade. Ge et al (2010) also indicatiedt the relaxation of policies restrictions on
cotton trade from the Chinese Government, togetién China’s exchange regime recently
reformed to be more flexible led to the close catine between the cotton future prices on
Chinese and U.S. exchange markets representecklpyritte transmission and similar volatilities

shared by the two markets.

However, even the current TRQ system still layseratestrictive effects on China’s cotton market.
Vlontzos and Duquenne (2007) provided evidenceht dompetitiveness of the domestically
produced cotton on China’s cotton market, as altre$uhe internal cotton policies held by the
Chinese government that kept the price of domexsitton lower with a sliding duty tariff on
imported cotton. As such competitiveness was dubdagovernmental policies instead of market
behaviors, this conclusion is very important foisthtudy as it justifies the assumption that the
Chinese Government tends to ensure the domestangatoduction and deems the cotton import

as a complement to the former in order to meetdta demand.

Naturally, the domestic cotton production of Chiren then also influence the cotton import
demand of the country. What has been enhancingdhgetitiveness of Chinese production of
cotton in recent years is a genetically modified/ teeed of cotton named Bacillus thuringiensis

(Bt) cotton. Genetic technology is up till now undierce debate as some experts were concerned
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that it may lead to potential harms to human beimigen it was applied to food product. However,

this is not considered a problem in cotton as itdsused in foodstuffs. Pray et al. (2001) studied
283 cotton farms located in Northern China, andcchated that the Bt cotton benefits those farms
where it was grown, especially small ones, asdticed production costs by 20% to 23% mainly
with less pesticide usage. Though the surplus tovedis not enjoyed by the consumers for the
price for Bt cotton and that of other cotton catéggpwere practically the same controlled price
held by the government, it may still improve thenpetitiveness of the Chinese domestic cotton
for the extra profit may lead to more productiom &gueeze out the demand for imported cotton
under the protective policies introduced by Chin@seernment before its accession to the WTO.
This was verified by Fang and Babcock (2003) whanokd that without the policy adjustment

after China’s accession to the WTO, the Bt cottdoption would have decreased the cotton
import of the country. Nevertheless, this squeefecewas to be overwhelmed by the huge
growth of cotton demand after policy changes sutiogethe WTO accession, and with the two

affairs combined, the quantity of cotton imported ®hina will further increase even with the

adoption of Bt cotton.

In addition to the domestic cotton policies and efEnengineering, international affairs also
influenced China’s cotton trade. With the elimioatiof the Multi-Fiber Arrangement as an
agreement achieved by the Uruguay Round negotiatim® 2005, import of textiles and apparels
into developed countries such as the U.S.A. anda@amwill be less restricted for developing
countries including China. With the tight connentibetween textile industry and cotton, this
international agreement was almost sure to laytgneaact on cotton market, and as China was,
and still is, the biggest textile producer, suclpact on Chinese cotton market was extraordinarily
worth mentioning. McDonald et al. (2010) obtainedestimated 1% growth in cotton import of
China within a decade as the elimination of the tMiiber Arrangement was estimated to
increase China’s textile production by 6%, consistth the results of other works such as Yang

et al. (1997).
2.4Former works on demand structure in cotton trade

After the introduction of the two-stage Armingtoodel, it was applied to agricultural trade for its
merit in differentiating products by their originghich fits agricultural products inherently.

Concerning cotton, Babula (1987) first applied Arenington procedure to the demand of U.S.
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exported cotton produced in various regions, thinowgich he coped with criticisms raised upon
researches on agricultural international trade thednomic theories had been neglected.
Additionally, he dealt with the claim that the esdite ranges of parameters in the Armington
model were too wide, and that ordinary least sq@tsS) is inappropriate to estimate the model.
In this study the Armington model was estimatedhwitoth OLS and seemingly unrelated
regression (SUR), and it turned out that both ety provided fine estimations, and the OLS
even outperformed SUR at predicting the demandefmorted U.S. cotton not included in the

data.

With other demand system models available, ecorismaiso developed studies with them on
cotton. Chang and Nguyen (2002) evaluated the ctiwpeess of Australian produced cotton in
Japan market. With the AIDS model, they paid spetti@ntions to the two biggest exporter of
cotton to Japan, namely the U.S.A. and Australle Tesults indicated that the total quantity of
cotton imported by Japan influenced the marketeshaf these two countries, yet the behavior of
the cotton from them did differ from each otherhatihe U.S. cotton demonstrated higher income
elasticity and that from Australia greater pricasticity. Besides, there emerged, as reported, a
potential trend that if the relative price of theSUcotton decreased with respect to the Australian
one, the demand for the former would increase larger scale than that of the latter shall the
situation reverse, leading to a conclusion thatgbality highly influenced the market share of
cotton from the two countries, and Australia coaigrrove its cotton export to Japan if it was able

to better its cotton quality.

From the view of the final consumable form of cottavhich mostly is the textile, McDonald et al.
(2011) investigated the effect on China’s cottomded of a raise in the minimum wage in the
country by estimating the demand system of textil€hina taking a Nonlinear Quadratic AIDS
functional form. They estimated an income elastiof around 0.6 for the domestic textile
consumption. It was also predicted that the domesftimand growth for textile would cause a
decrease in the textile export of China, but it idobbe make up with more textiles produced
within other countries. The overall Chinese coitoport would be enhanced slightly by the raised
minimum income implying that the bigger domesticnded for textile would outstrip the

decreased export.

Similarly, Lopez and Malaga (2004) also explore té&on final “consumption” demand of the
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European Union (EU) that was at that time the lstrgmporter of cotton, but they took a more
radical approach by basing their study on the AtieBiand system with home uses data instead of
the normally used mill consumption in order to captthe demand for fibers including cotton at
the consumers’ end. They avoided aggregating thadzy 15 members of the EU to explicate the
different relations between cotton and wool, vievaexda competing commaodity of cotton. The
Hicksian cross price elasticities revealed whettotton and wool appeared to be complements or
substitutes to each other, and the results seemdxt tdivided among different EU member
countries, as the two commodities complement edlohran some countries and substitute in
other members. The non-aggregated data also fechiste expenditure elasticities of cotton that
had never been published by former literature, fyhgétmilar to the cross price elasticities, varied
among the EU countries, for in some of them cott@s a normal luxury commodity while a

normal necessary one in the others.

However, as cotton is mostly used as an intermedvaiterial in textile industry but not a final
consumption commodity, it could be valuable to ¢art a demand system that allows analysis of
trade in intermediate agricultural products. Duratigdying the Japanese textile industry, Pick and
Park (1989) integrated the demand for inputs sgchotton and labor, as well as the supply for
final products that were textiles into one systeasda on production theory through a cost
minimizing or profit maximizing procedure. With argfit function taking the normalized
biquadratic form being maximized, the authors detithe demand functions of imported cotton
and required labor in the section, companied byekgort supply functions of textiles. This
procedure opened up a more specific route to etdith@ demand for agricultural products with
intermediate features rather than to somewhat saredbly equalize them to final goods, because
the industry in which the intermediate agricultypabducts would serve as inputs should also be

taken into consideration to more accurately unctivedemand structure of them.
2.5Conclusion

In this chapter, the literature concerning theaoimport demand has been reviewed. Within the
first section, the Armington Model was introducentidts deficiencies pointed out, which can

mostly be remedied by the introduction of the CRiRctional form. In the second section, the
literature on world cotton market demonstrated thatcotton trade was rather highly distorted by

major players, including China, with their govermi® policies mostly supporting the domestic
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production of cotton. The third section summariZedmer studies on China’s cotton import

structure, where the domestic cotton was still lkggerotected by the government and thus
justifying the introduction of the assumption tittae domestic cotton was preferred over imported
cotton by the Chinese Government that has, at teasbme extent, the power to determine the
cotton import of the country. The fourth sectiorefed the former works on cotton import demand,
with an interesting perspective in which cottonimwved as intermediate product instead of a final

consumption one.

18



CHAPTER 3 — THEORETICAL AND EMPIRICAL MODELS

In this chapter, the theoretical model will first Herived based on the research hypotheses stated
in Section 1.4. The assumption has been made dkttahcserve as the input to produce textiles, so
the model will be based on producer theory instfaithe more common import demand models
concerning directly consumable products. Then thexification of the empirical model will be

determined taking affairs in international cottoarket into account.
3.1 Theoretical model of cotton import of China

As described in Section 2.1, the Armington proceduovided a powerful method for modeling
the trade in products that can be differentiatedth®ir regions of production in a two-stage
procedure. This study employs a theoretical motie, nature of which is similar to the

Armington.

The Chinese textile industry is of interest in thigsis, for as stated in Section 1.4, both the
domestically produced and imported cotton in Clignassumed to be inputs of the textile industry.
The textile industry of China is then modeled gg@ducer who minimizes its cost by adjusting
the combination of inputs such as cotton, labor eaggital to produce the demanded quantity of
textiles for the domestic and international mark&sppose that the production function of

China’s textile industry takes the following form:

Y = f(K,L,TD,TI) = f(K,L,TD,TI(q,,G,,--,q,,)) (31)

In Equation 3.1,Y is the quantity of production in textiled is the amount of input in capital,

L that of labor; TD the amount of domestically produced cottdn, that of the imported
cotton; q,, is the quantity of cotton imported from the sounselt has been assumed that the
Chinese Government prefers domestically producdtbrccover imported cotton, which was
justified by that the policies currently in praetisuch as the sliding duty tariff insure that thieep

of domestic cotton is lower than that of the impdr{Vlontzos and Duquenne, 2007). In this sense,
the cotton import is used to close the gap betwkmmestic cotton and the actual demand, and
thus when cotton goes into the production funcéisra material input, the domestic and imported
cotton is separated and weak separability is assureéveen the cotton imported from the m
sources and the other inputs in the textile ingu$tfith the economics theory, it is reasonable to

assume the cost function of textile productionasnbgeneous of degree 1 with the prices of all
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the inputs. Accordingly, the cost function of thiil@se textile industry can be written as:

C(WK W, Wp s W (pll P2y pm)’Y)
=min{w, K +w L+w,TD+wTI} st. Y=f(K,L,TD,TI) (32)

In Equation 3.2,C is the cost function of textiles productionys are the price of the inputs;
p, is the price of cotton imported from the sourcéngbort i. It is assumed that the cost function

is second order differentiable, so that the mininuam be decided.

In the second stage, with the costs on each typepuot decided, the total expenditure of cotton
will be further allocated among different sub-categs of cotton from various source of
production. Similarly, it is also a cost minimizipgocess, and it is also reasonable to assume the
cost function of cotton import is homogeneous ajrde 1 with the prices of cotton from each and

every individual source of import.

CI(Py Paye- s P T =MIn{ Pty + PG5+, P}
st. TI =TI(q, G, ;) (33)

In Equation 3.3,Cl is the total cost on imported cottor), and ¢, are the price and quantity
of cotton from the ' import source. This minimization subjects to thBk, the total import
quantity of cotton is satisfied with a function thfe quantities of cotton imported from all the
sources. This leads to an expression of the optgoahtity of import from different sources
according to Hotelling’s Lemma:qi(pi,CI)=6CI/6pi for 1=12---,m. Clearly the
expenditure on each sub-category of imported cagaependent on the individual price and the

total expenditure on imported cotton.

Succeeding to the determination of total cottonarhnd its cost, the unit cost of cotton import

could be derived by taking another equivalent fofrquation 3.3.

Cl(py, Py, P TH) = (1, P10+, ) T (34)

In Equation 3.4,C is the unit cost of cotton import that is deperidemthe individual prices of
cotton imported from the main sources of importdencompetitive settings, the unit cost of
cotton import equals to the aggregated importetbngprice function p. In the case of cotton

import, as it has been assumed that the cost imitihomogeneous of degree 1 with the prices of
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cotton. Thus, there is the following relation betwethe unity cost and the aggregated cotton

import price:

—_ pl p2 pm =
=c(p,pyrp,)=>d PP Py 35
p=c(p. Py Pr) (p ; pj (35)

3.2 The CDE functional form

The CDE functional form is selected in this reskaimr the unit cost function because of its
advantages of allowing non-homothetic separablectsires, as well as its less numbers of
coefficients than other flexible functional form#&s stated before, the cost function is
homogeneous of degree 1, hence in this study tmgeneous indirectly implicitly additive CDE

function introduced by Hanoch (1975) is taken:

i
i=1 i=1 i=1 p

Sae-Saw=Sa(2) s 9

In Equation 3.6,B, is the distribution parametery, =1—h is the substitution parameter,
is the price of the cotton from th& source of import; p is the aggregated price index of all
imported cotton; W is then the price of the cotton from tfesiource of import normalized by
the aggregated price of imported cotton. Obviouslg, homogeneous CDE functional form has
two parameters for each sub-category of cotton,thus the total number of parameters for

different cotton is 2m.

With the homogeneous CDE functional form, the glaadidity of the cost function can be tested

with the following restrictions as proved by Hang@éB75):

B >0 and b <0 for all i=22---,m
or B>0 and O<h <1 for all i=12---,m (37)

The CDE cost function can be then linearized withRoy’s Identity (Roy, 1947).

' ow, Bw"
R (38)
e} bBw"
; IaWj ; ] JWJ
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S is the expenditure share of the cotton importechfthe 'source of import. TakingS,, as

the numeraire, the logarithm linear CDE cost funrttiould be obtained:

log(S) = loghBw" | ~log

i b
i
2 bBw,
!

gl

where A = Iog(a—qj (3.9)
B0,

Worth noticing is that ifb =b, =--- =b,,, then the CDE functional form will be reduced he t

CES form and the procedure taken in this thesikhagilthe same as the Armington Model. Thus,

the procedure taken in this thesis is by its nadugeneralized Armington Model.

In order to explicate the substitution effects, Alken elasticities of substitution (AES) could be
derived with the parameters in the CDE functiowahT according to Hanoch (1975), which is the
ratio between the percentage change in the denwarttid cotton imported from one source and
the percentage change in the total expenditureeddug the percentage price change of the cotton

imported from another source:

~ dlogq /dl , . m
o, =2l008 01094 0100p, _ L dloge _ ;o S
dlogc dlogc/alogp; S, dlogp, =

g =1if i=j; & =0if i#] (310)

In Equation 3.10,0; is the Allen partial elasticity of substitutiontxeen cotton imported from
the f" source and that from th8 $ource (Hanoch 1975). The expenditure elastioitiesd also be
calculated, but as we are taking a CDE functioaahfthat is homogeneous of degree 1 here, it is

restricted to be 1 for all sub-categories of cottoport.
3.3 Weak separability

Weakly separability is commonly discussed in demawpstems. Within the cost functions (or
utility functions for consumers), weak separabiltguld be intuitively demonstrated in the

following form:
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c=da(pu P ) Gl P P ) (319)

In Equation 3.11,C is the unit cost functiong,, i =12,---,k is the unit cost function for the

i" subset and thep; is the price of thér] product in the'f subset. The CDE functional form also

allows the separable structures among differentcesuof import to be assumed and tested with
the model. If the m product, X,,---, X, are separated into k subse®, S,,--+,S,, as stated

in Moschini et al. (1994), separability could bstéal with the restriction:

Om =0, %% 08, x,,x,0S, i#j, for all l,smn (312)

In Equation 3.12,0 is the Allen elasticities of substitution. Keepitige definition of Allen
substitution elasticities in mind, claiming two fduets X and X; in the same subset thus is
equivalent to settingd =bj, where b s are the same in the CDE functional form defined i

Equation 3.6
3.4 Empirical model
3.4.1 Model specification

The empirical model specification in this thesisdssigned to capture the features of cotton
imports of China during the period of 1992 to 204/hjch not only has to take the policy regime
into consideration, but also the institutional affahat occurred during the period of intereshia
international cotton market. The preference of@mnese Government to domestically produced
cotton over the imported has been reflected infitlsé stage of the procedure as domestic and
imported cotton was treated differently, and coftmports were used to fulfill the gap between

domestically produced cotton and the total cottemand.

The following affairs are to be taken into consat&mn in the specification of the model. Firstly,

there was a major shortage of supply of cottoneiaryi 993; secondly, China acceded to the WTO
in December, 2001; thirdly, the Multi-Fiber Arramgent was eliminated in the end of year 2004.
Accordingly, three dummy variables will be introéadkcin the model for each and every one of the
three major affairs that took place during the temwade period: one for the year 1993, one for the

year 2002 and afterwards and yet another for the 3@05 and afterwards.

Another important hypothesis to take into consitienais that the cotton imported is used as an

input in textile industry, and in this procedurieghr homogeneity is assumed with respect to the

23



cotton input. Because cotton in the most basic mahtased to produce textile, it transfers into
textile with certain proportion, so under the givechnology and the composition of a textile
output, it is hard to imagine that a ratio changehe quantity of cotton input will lead to a
different ratio change in the quantity of textiletput. A time trend will be included to reveal the
relation between the current and lagged expendiheze of cotton from different sources of
import, as well as to fix the potential omissionvafiables, and the products of the time trend and
the dummy variables for China's WTO accession dadabolition of Multi-Fiber Arrangement

will also be comprised in the model.

These assumptions and requirements then lead sp#uification of the unit cost function:

Iog(%j =a, + B, D93+ B, (DWTO+ S, (DMFA+ 3, [IDWTOT+ 3, [DMFAT

+p. T +h Iog(%j b, Iog(%} for =126 (313)

It has been mentioned in Section 1.2 that therseren major sources of cotton import for China,
and in the demand system that consists of six @msarepresented by Equation 3.3+ 1
stands for West Africaj =2 for Egypt and Sudanj =3 for Central Asia,i =4 for Indo
Sub-Continent,i =5 for Australia, i =6 for the U.S.A. andi =7 for the rest of the world
(ROW). As for some countries such as Benin, thentityaof cotton imported by China is 0 for
some years, and thus an aggregation was practicaeetcome this problem, and the aggregation
pattern was by geographic location of the countrisich seems plausible with agricultural
products as cotton. In this equation system, is the intercept;D93 is the dummy variable for
the supply shortage in world cotton market thaesathe value 1 for year 1993 and O for the rest
years; DWTO is the dummy variable for China’s accession toWHiEO in the end of 2001 that
takes the value 1 from year 2002 to 2011 and O ft®@®2 to 2001;DMFA is the dummy
variable for the elimination of the Multi-Fiber Aamgement in the end of 2004 that takes the value
0 from year 2005 to 2011 and 1 from 1992 to 20 TOT and DMFAT are the product

of DWTO and DMFA with the time trendT , respectively. Iog(pi/p) and Iog(p7/p)

are the prices of cotton imported from various sesirdesignated above that are normalized by the

aggregated price, which takes the form of the Spoioe index.
3.4.2 Weak separability
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To explore the separability in China’s cotton intpdemand, three separable structures will be
introduced to the demand system, and these stasctuill be tested. The performance and the
influence on the model of the separable structwittde reported and discussed in the following

chapters of the thesis.

The first structure separates the cotton from whfie sources of import into three subsets. The
cotton from West Africa and Egypt and Sudan willche in the same subset, which stands for the
cotton imported from Africa; the cotton from Cehtsia and Indo Sub-Continent will be placed
in the same subset, thus the cotton from Asiactt®n from Australia, the U.S.A. and the ROW
will be set together in one subset, which is thitocofrom other cotton import source. Hence, the

cost function of this separable structure is:

c=da(p., p.).Co(Ps, Pa).C(Ps. Ps. 7)) (314)

The restrictions for this separable structure tenb, =b,,b, =b,,b, =b, =Db,.

The second structure separates in the followingnmarthe cotton from West Africa and Egypt
and Sudan in a subset Africa, the cotton from G¢rtsia, Indo Sub-Continent and the U.S.A. in
a subset Asia and the U.S.A., the cotton from Alistrand the ROW in a subset other sources.

Accordingly, the cost function of this separableisture is:
c=da (P, p)cy(ps: Pay ps) s(ps. ) (315)
The restrictions for this structure alg =b,,b, =b, =b,,b, =b,

The third structure has the following three subgéis cotton from West Africa, Egypt and Sudan
and the U.S.A., thus Africa and the U.S.A., theaofrom Central Asia and Indo Sub-Continent
in a subset as Asia, the cotton from Australia ti@dROW in a subset as other sources. Thus, the

following cost function holds with this separableusture:

c=dc(p P, Ps). Co(Ps 04 ). C5( s, 7)) (316)

The restrictions for this separable structure bye=b, =h,,b, =b,,b, =b,.
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CHAPTER 4 — ECONOMETRIC APPROACH

In this chapter, the methodology in this thesistested. Firstly, the basic concepts of Bayesian
econometrics will be introduced; secondly, the BBMRorithm will be presented; finally, the
estimation methodology will be described in the te@h of China’s import demand system for

cotton.
4.1 A brief introduction to Bayesian econometrics

In this section, a brief outline of Bayesian ecoertmus will be provided with respect to the
development and application of the method, as wasllits difference with the traditional

frequentist econometrics.
4.1.1 Bayes Theorem

The foundation of Bayesian econometrics as a rceetveloped econometric branch could be
traced back to much earlier to the famous BayesoiEHme. The theorem was named after the
English mathematician Thomas Bayes, who formulatsfdecific case of what was to become one
of the most widely used theorem in mathematicdissiezs, the Bayes Theorem. Though Bayes
himself never published the study, his work wagegdiby Richard Price, whose paper was
published posthumously. Finally, the current forhthe theorem was further consummated and
published in 1812 by the French mathematician i8imon marquis de Laplace in fiikéorie
analytique des probabilité§he modern form of the Bayes Theorem is as falow

Pr(A|B)= w (41)

In Equation 4.1, Pr(A| B) is the probability of eventA taking place conditional on everi8 ,
and similarly is Pr(B|A) defined. Pr(A) and Pr(B) are respectively the unconditional
probabilities with which eventA and B occur. In the theoremPr(A) is called the prior
probability, or prior, andPr(A| B) is referred to as the posterior probability, osteoior. This

theorem is the foundation of Bayesian econometrics.
4.1.2 The Bayesian econometrics in comparison to frequeist econometrics

Bayesian econometrics is relatively new in econamanalysis and is rapidly becoming popular
in economic research. Prior to the 1970s, Bayesiathods were not very widely applied in

economics studies mainly because of the restriciccomputing complexity with the approach.
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However, with the significant growth in computerpahilities, economists have attached
increasing attention to Bayesian methods. Zelld8i7{) authored the first comprehensive book
introducing Bayesian methods, and the textbookadg<(2003) provided a more modern view on

Bayesian econometrics.

The most fundamental feature that distinguishes eBiay econometrics to frequentist
econometrics is that in the latter, parametersdammed fixed values and the estimators of them
are random, whilst in the former, parameters théraseare considered to be random. Thus, with
Bayesian methods, the estimation is not on theevafuthe parameters, but rather their posterior
distribution, combining the prior information witthe information contained in the data in the
form of the likelihood function. In Bayesian ecorsnics, Bayesian Theorem takes another form
(Koop, 2003)

_ Pr{y|6)Pr(6)

P{&]y) Pr(y)

(42)

In Equation 4.2,8 is the matrix of parameters ang is the vector of data that is to be
explicated by the parameters. ThLBr(Q | y), the posterior distribution of the parametersiant
the probability that they take certain values ctiadal on the data that is observeBJ‘(y | 6’),
known as the likelihood function, depicts how thatad observed is “generated”. The prior
information, Pr(@), is what is already known or believed by the reseers before the data is
obtained. As Pr(y) is constant once the data is given, Equation 4i8dcbe abbreviated as

indicating that the posterior distribution is projanal to the product of the likelihood and prior.
Pro]y) O Pry|6)Pr8) (43)

Here [ stands for “proportional to”.

With the posterior distribution of the parametefs(@, | y), the posterior mean anstar(@, | y),

the posterior variance o] , a parameter ind could be derived with the following formulation:
E(G1y)=[4Pg]y)ds (44)
vag |y)= (6 1y)- E(8 1) = [§°Pr(@ | y)do - ([ P4, | y)ao] (45)

The advantages of Bayesian methods are multifdi@. dne that is the most significant for this
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study is that with frequentist econometrics, otly information contained by data is explored and
explicated; on the contrary with Bayesian methdls, believes held by the researchers out of
experiences or economic theories could be integrat® the estimation of the parameters’
posterior distribution by the inclusion of priorfanmation. Chalfant et al. (1991) imposed

concavity and monotonicity restrictions on the exgiture functions of consumers taking an
inequality form with prior information to estimatee Canadian meat demand system with the
AIDS model. Montgomery and Rossi (1999) estimatedepelasticities in a demand system with
multiple brands and stores applying the prior infation derived from the additive utility

functions by hierarchical Bayesian methods, thalte$rom simulation and real datasets revealing
that the performance with this approach outstripgieat of other Bayesian and non-Bayesian
estimation. This advantage will feature as an irtgrdrone in this study, the reason of which is to

be further explained in the upcoming section.
4.2 Bayesian bootstrap multivariate regression (BBMR)

The specific technique that will be used in thissil is Bayesian bootstrap multivariate regression
(BBMR) introduced by Heckelei and Mittelhammer (2D0This section is devoted to introduce

this algorithm.
4.2.1 The development of BBMR

Bootstrap is a technique to generate sampling iliigion of parameters, which was first
introduced by Efron (1979). It was natural that Bayesian analogue was then developed, known
as the Bayesian bootstrap, which applies bootstemnique to the former Monte Carlo
integration (MCI) that is also widely used in remb@s with Bayesian methods. Kloek and Dijk
(1978) used Monte Carlo to draw the posterior ithstions of parameters, aiming at solving the
Bayesian methods’ unpleasant characters of in medsample size. Zellner et al. (1988)
developed the MCI algorithm for models with potahtiendogeneity and consequently
identification problems to obtain the posterior tidimition of reduced form and structural

parameters.

Bayesian bootstrap (BB) was introduced by Rubin8{)9 BB could serve to overcome the
difficulties that Bayesian methods encounter whppliad to a relatively small sample with a
complex or unfamiliar population distribution a® thriginal sample is bootstrapped to generate a
bootstrap sample, and posterior distributions Boeated to bootstrap sample.

28



However, as pointed out by Heckelei and Mittelhamri(2003), the kernel of the posterior
allocation procedure was generated by ordered rangdues from a uniform distribution from 0
to 1. Accordingly, it is the inherent feature oBtBB method that its posterior distribution is
tightly connected with the Dirichlet distributionmpeding its application to parameterized
equation systems. In the contrast, BBMR method diagis the likelihood function without the
necessity to determine the form and specificatibthe likelihood function itself; it fits a wider
range of choices in prior information, which coudd derived from experience or theories and
provides a more general approach to estimate higétgmeterized multi-equation systems with

Bayesian methods that is robust regarding theitiget function.
4.2.2 The BBMR algorithm

As the equation system in this thesis is goingrtooanter endogeneity, the algorithm developed
by Heckelei et al. (1997) and Heckelei and Mittetinaer (2003) will be introduced here in this

section. Suppose that the equation system to bessef is the following:

Y,

xm

= InXlalxm + Xn><|ﬂ|><m + erkykxm +U nxm (46)

In Equation 4.6,Y is the matrix of n observations on each of theeddpnt variables in the
equation systemy is a vector of n onesX is the matrix of n observations on | exogenous
explanatory variablesZ is the matrix of n observations on | endogenousagatory variables;
a, [ and y are the matrices of coefficients correspondinghts explanatory variabled;J

is matrix of error terms in the structural form.
The reduced form on the endogenous variables irtiu4.6 is like the following:

Z =T 0 . +V . (47)

x p~ pxk

In Equation 4.7, T is a matrix of exogenous variables add is the matrix of corresponding
reduced form coefficientsV is the reduced form error term, and its rows aependently
distributed with mean vectors of zeroes, and amawee matrix 2 that is positive definite. Let
the posterior distribution o be Pr(5| Z) and then it will be mapped to the posterior @f,

£ and y with the following algorithm:

1. Regress the reduced form with OLS to obtadn the estimator ofd and the estimated

n

reduced form residual matri¥/ with the following:
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n

o=(TT)'T'Z, V=2-T3 (48)

And then define:

AN

S=VV (49)

2. Generate N bootstrap samples of the rows in theibmatt estimated reduced for residuals:

n n

Vi,V2,---,V, to obtain N matrices\/i*, i=12---,N. Afterwards, these matrices are

corrected with the following adjustment:
* %k * . 2 .
V=V, S‘“(s$ 15)” L i=12-,N
With S =V"'MV, and M =1 -T(T'T)"'T' (410)

| in Equation 4.10 is identical matrix with the apgriate order and the exponent 1/2 is the

symmetric square root of matrices defined 8§°S*2 = S

3. Obtain N bootstrap sample®,, i =12---,N by combining the regression structure

likelihood L (J,Z]0,S) and an ignorance prior fok :

N

g =o-(rT)* TV, i=12---,N (411)
4. With the N bootstrap samplesb'i*, i =1,2,--- ,N , N bootstrap samples
Zi*, i =12---,Ncould be obtained forZ, the matrix of endogenous variables in the

structural form:

Z =75, i=12-,N (412)

5. Insert Zi*, i=212---,N into Equation 4.6, and estimating the structucahf with two
Stage Least Square (2SLS) or three Stage Leaste&S(REBLS) will lead to N samples from

the posterior distribution oz, S and )y corresponding to the estimation strategy.
4.2.3 Posterior expectations and variance of the coeffients

Designate the posterior distribution @, £ and ) obtained with the algorithm above
Pria|Y), P{B|Y) and Pr(y|Y), respectively. These posteriors are based on ageer

priors for the coefficients that are proportionalat constant. However, in most demand systems,
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the priors are based on inequalities regarding-tiegficients to satisfy the restrictions such as th
concavity of the cost function. With this type ofqgrs, the samples from the posteriors that satisfy
the restrictions will be assigned a prior prob&pitif 1, and those not will be assigned to a prior
probability of 0. Hence, the posterior mean andavexe are simply the sample mean and variance

of the samples of the coefficients that satisfyrtrmrictions.
4.3 BBMR applied to China’s cotton import demand system
4.3.1 Estimation of the model

Concerning the cotton import demand system specifie Section 3.3, the equation system

consists of six equations, whose structural forthésfollowing:
Iog(%j =a, + B, [(D93+ B, [DWTO+ S, [DMFA+ §, [DWTOT+ S5, [DMFAT

+p. T +h Iog(%j b, Iog(%} for =126 (313)

Projecting to the designation in Equation 4/6g (Si /S, ), for 1 =212,---,6 arethe
dependent variables;D93 DWTO, DMFA, DWTOT, DMFAT, T and log(p,)
for i =12,---,7 are the exogenous variables X ; Iog(p) is the endogenous variable in
Z . The reduced form of the equation system in Equna8.13 takeslog(p) as dependent
variables, and thel in Equation 4.7 includes the constant/inand all the exogenous variables

in X . Thus there are 14 variables Th.

Similar to Heckelei et al. (1997) who studied tlapahese meat demand, the estimation strategy
adopted in this thesis is to carry out the stem &lgorithm introduced in Section 4.2.2 is the
iterative version of the 3SLS introduced by Zellmerd Theil (1962), which estimates all the
equations in a system with endogeneity simultarigounstead of separately as the mechanism of
the 2SLS. As in this demand system the ROW wasntasethe numeraire, to ensure that the
estimators of the parameters are independent ochibiee of numeraire, the variance-covariance

matrix of the regression residuals of the 3SLS belliterated until it is identical.

The BBMR algorithm for China’s demand for cottonpiont and relative statistical analysis are

programmed in the TSP software, and the code gbrtbgram is available in Appendix D.

4.3.2 Testing separable structures with Bayesian methods
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Similar to frequentist econometrics, Bayesian mashalso allows hypotheses to be tested.
However, as stated before, Bayesian econometrins thhe parameters themselves as random
variables instead of a fixed value, and thus thgotheses taking the form as functions of the
parameters can be directly tested with their pmstelistributions. An increasingly interested and
applied approach in hypothesis testing in Bayesiathods is the Highest Posterior Density (HPD)
Intervals (HPDI). The HPDI (Koop, 2003, pp44) apgesimilar to the confidence interval in the
frequentist econometrics, but the similarity isyoml the outlook, and these two definitions have
very different inherent thoughts behind the appsas@amost obviously because the HPDI uses the

parameters, or functions of the parameters themsatvtest the hypotheses.

To define the HPDI, one must first define the doéslisets. Letd000" be a vector of
parameters, andp = f(8) a vector of functions ofé defined on a region¥ with a

dimension of s with s<n.If =W isaregion, anditisar (a <1) credible set if:

PlgO=1y)=[Pr¢|y)dg=a (413)

Then the @ HPDI is simply the shortestr credible set. If the values of the hypotheses

functions are within the interval, then the hypetgare maintained.

Within the context of this thesis, the test is ig@rout on the separable structures. All the three
separable structures have a 4-dimensional hypath&sebe tested, among which three are
common cross the structures, which take the fornof b, =0, b,-b, =0 and b, -b, =0,
and the particular ones with the three structures B; —b, =0 for the first separable structure,
b, —b, =0 for the second separable structure dnd-b, =0 for the third separable structure.
Thus, the HPDI for each separable structure arsepted by two 4 by 1 vectors with the lower

and higher bound of the HPDI for each hypothestedi above, respectively.

It is worth mentioning that the test can be impos@t another direction. As Heckelei et al. (1997)
pointed out, the smallest HPD Probability is momngistent with the Bayesian idea to test
hypotheses based on the posterior distributionacdmpeters and functions on them, taking a full
collection of information into account, instead amly reporting the interval that the hypotheses
are held with a preset significant level. Hencas tapproach will report the smallest mass
probabilities that the function values in the hymses being tested are still included in the HPD

region. This approach resembles the P-value inuéetist econometrics, and the smaller the
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smallest HPD probability, the more confirmative ttada are to the hypotheses with the ignorance
prior indicated by the BBMR algorithm. To be mopesific in the context of testing the separable
structures, it involves calculating the probal@ktithat zero are contained in the HPD of the six

hypotheses functions above to be tested.
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CHAPTER 5 — DATA

In this chapter, the data used in this thesis béllintroduced. Necessary processing has been
applied to the data to satisfy this study and thidybe described in this chapter. In the meanwhile
preliminary statistical analyses are performed tedresults of it will be reported in this chapter.
The statistics are referred to Appendix B including mean, standard error, maximum, minimum,
skewness and kurtosis of the values, quantitiésepand expenditure shares of all the sources of

import.
5.1 The source and content of the data

The data used in this thesis are provided by Fowt Agriculture Organization of the United

Nations (FAO), which is one of the most authorizista sources in agricultural sector. This
dataset includes data in the quantity and valuehiia’s cotton imports from the entire world and
six specified regions, namely West Africa, Egypt é8udan, Central Asia, Indo Sub-Continent,
Australia and the U.S.A, covering a time periodrirh992 to 2011. The quantity in the dataset is
presented in tons, and the value of import in thadsdollars. This dataset is balanced and

includes no missing data
5.2 Processing of the data

The first step taken is to calculate the value gnantity of cotton imported by China from the
regions of origin except for the six main regioisted in Section 5.1. Combined, it is designated

the ROW for i =7, and the calculation is simply:

6

V, =V, =YV, Q=@ —iQi (59

In Equation 5.1,V, and Q, are respectively the value and quantity of coitoported from the
ROW; V; and Q; are respectively the total value and quantity bfn@'s cotton import;V,
and Q for i =12,---,6 are respectively the value and quantity of cottoported from the six

main sources of import.

As stated in Section 3.3, the price of the cottadpced in each and every region in dollar per ton

is included in the equations, and they are obtawiéidthe following equation:

ap =V, x1000Q, for i=12---7 (52)
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In Equation 5.2,ap are the absolute prices of the import cotton, thed they are normalized to

o) (t) the relative prices with respect to those in 20@0 p, (2000) =1.

p(t)=ap(t)/ap (2000, for i=12-.-,7; t=1992 to 2011 (53)

Finally, with Iog(S/S,) for 1 =212---,6 being the dependent variables in the equation
system, § for i =12,--,7, the expenditure share of cotton import from teees sources,

also needs to be gained with the following formula:

S =V, for i=12.7 (54)

5.3 Preliminary statistical analysis of the data

A glimpse at the data reveals that both the vatunesquantities imported from different sources
vary drastically throughout the time period. Thieg@s and expenditure shares of the cotton import
derived from the available data also fluctuatedhiwiin extraordinarily wide range. The statistical

analyses carried out on the data are presentée folowing sections
5.3.1 West Africa

The value and quantity of cotton import from We#tida was very variable. Regarding the values
of import, the maximum is more than 535 times mthian the minimum, with the standard error
of the import values even larger than the meanil&irphenomena were also observed for the
gquantities. The changes in value were mainly atteith to that in the quantities of import, as the
changes in the prices of cotton imported from Wefsica was not as fluctuating as the others’,

whose maximum was only 2.5 times of the minimume Bxpenditure share of West African

cotton varied from 0.7% to more than 16%. Its sheas generally small from 1994 to 2001, and
the minimum was observed in 2000; the share ineceafterwards, reaching the maximum in

2002, but afterwards the share decreased aga?01ill.
5.3.2 Egypt and Sudan

The cotton imported from Egypt and Sudan witnessedlue difference of more than 470 times
between the maximum and minimum; the maximum qtiawéas more than 580 times higher than
the minimum. In the meantime, the price of cottamf Egypt and Sudan also changed in a rather
large range, with the highest price reaching mé@ntsix times higher to the lowest. The

expenditure share of the cotton imported from smsrce was relatively small through the whole
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time period with a minimum of less than 0.3% andrethe maximum share was lower than 6%.
5.3.3 Central Asia

The more than 530 times difference in values ofocoimported from Central Asia was mainly
contributed by the changes in prices. The flux uargities of import from this region was
relatively small compared to the other sourcesmgfdrt, with the maximum 157 times more than
the minimum. In contrast, the prices changed drimait during the 20 years of interest, as the
maximum price was more than 9.6 times higher thamtinimum. As for the expenditure share of
Central Asian cotton, the maximum was around 18%ilstvthe minimum was a little more than
0.7%; the share increased through the 90s tillntiikeennium, and then it decreased in trend till

2011.
5.3.4 Indo Sub-Continent

The values of cotton import from Indo Sub-ContinBn¢tuated the most dramatically during the
two decades in this thesis, with the maximum vatugre than 6300 times higher than the
minimum. The quantities of import from this regialso varied tremendously, as the peak quantity
almost 780 times as large as the lowest one. Bmthighest value and quantity of import took
place in 2011. Indian cotton’s price saw a diffeenf more than 8 times during the two decades.
The cotton imported from this region accountedddrighly varied share of China’s total cotton
import expenditure. Its share was relatively loviobe 2005 with the minimum just above 0.2%
while the share grew greatly since 2006 and savhidfigest of more than 31%. This increase is

partly related to the introduction of Bt cottondotton sectors in Indo Sub-Continent.
5.3.5 Australia

Australia exports more than 90% of its cotton otutfgthina importing values of cotton from
Australia have undergone a 640 times differencevdsen the maximum and minimum from 1992
to 2011. The maximum quantity of cotton importeahfirthis source was almost 300 times greater
than the minimum. The prices were less variabla tih@ others’, as the highest price was less
than 2.5 times higher than the lowest. The sharustralian cotton started with a minimum of
less than 1.5% in 1992, and increased in trendhguhie 90s till 2001 with the maximum of 24%
in 1999; then it went through a decrease in regears with a share of around 5% while it

increased again to more than 16% in 2011.
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5.3.6 The U.S.A.

The United States has long been the biggest cettporter to China. The import value of U.S.
cotton was the second most fluctuating in the peoaly after Indo Sub-Continent with the
maximum more than 1490 times more than the minimCime. import quantities from the U.S.A.
also experienced great difference with the largesintity more than 450 times greater than the
minimum. Regarding the price, U.S. cotton had &égg price more than 5.5 times the lowest. As
the biggest cotton import source of China, the A.&ccounted for up to more than 64% of the
total cotton import expenditure of China, while fbavest share of just below 8% took place in
1993, the year that saw a major supply shortageefiixfor 1993, the U.S. cotton never took a
smaller share than 25%, with a mean of more tha&n.43owever, there was a trend in recent

years as in 2011 the U.S. cotton had a share ofiB@hina’s cotton import.
5.3.7 The rest of world (ROW)

As the combination of all the cotton import souro#iser than the six major ones introduced above,
the ROW had a maximum value of cotton imported hin& 140 times higher than the minimum,
which is the smallest change in value among allstiverces. The quantities of the cotton import
from the ROW were also the least variable amongstheces, which differed 17 times between
the largest and smallest. On the contrary to tHeegaand quantities of cotton import from the
ROW, its prices was the most variable with the bBgjlprice more than 13 times higher than the
lowest one. The expenditure share of cotton froemnROW was the lowest in 2008, which was a
little more than 6%, while the highest share wad 983 with the shortage of supply in the six
major import sources, which was above 46%. Exceptthe extreme share in 1993, the
expenditure shares of the ROW were relatively stablhich were divided into two periods:
before 2000, it was between 10% and 22%, and &dtelsy it reduced to between 6% and 10%
with the exception for 2011 when the share was nioaa 13%. The ROW was chosen in the
empirical model as the numeraire, though the chofci should not influence the result as the
iterative 3SLS was used to estimate the demandersystith the Bayesian bootstrapped

endogenous variables, which has been explicat8édtion 4.3.
5.4 Conclusion

From the preliminary statistical analyses on thgioal and derivative data, it can be concluded
that the values, quantities, prices and expendi#hares of all the sources varied significantly
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throughout the whole time period. All sources oport withessed a variant of more than 400
times in the values of import with the exceptiontttd ROW; and the import quantities of them
also experienced a dramatic fluctuation in the tjties of import. The overall cotton import of
China increased with a great scale after its amess the WTO, and accorded the international
economic situation as stated in Section 1.2. Theeprof China’s cotton import from different
sources also witnessed a tremendous flux, whichahatnilar trend in which the prices first
decreased gradually before around year 2000, amditicreased rapidly in recent years. After the
processing performed on the data, they can seraadtyze the demand system of China’s cotton

import.
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CHAPTER 6 — RESULTS AND DISCUSSION

In this chapter, the results of the study will besented and discussed. One unrestricted model
will first be estimated for the sake of comparisdinen three separable structures will be
introduced to the model with the first separableidtre assuming weak separability between
“Africa”, “Asia” and “Australia, the U.S.A. and thBOW”; the second between “Africa”, “Asia
and the U.S.A.” and “Australia and the ROW”; thedhbetween “Africa and the U.S.A.”, “Asia”
and “Australia and the ROW”. All the separable stuwes will be tested with both frequentist and

Bayesian approach, and the results will be disclusse
6.1 Unrestricted model

The results of the model presented in Equation arg6first reported with both frequentist and
Bayesian approaches as the basis of comparison thhithmodels with separable structures

assumed.
6.1.1 Results with iterative 3SLS

The regression results concerning the coefficients are given in Table 6.1. The comptetuilts

table can be found in Appendix C.

Parameter Estimate Std. Error t-statistic P-value
by 2.22015 .321581 6.90385 [.000]
b, -1.33122 155221 -8.57626 [.000]
bs .054441 .150468 .361813 [.717]
by 3.98300 .342614 11.6253 [.000]
bs -4.99523 .743205 -6.72120 [.000]
be 3.70171 .302450 12.2391 [.000]
b, 2.03181 .163662 12.4147 [.000]

Table 6.1 Results of the unrestricted model withSSL

In Table 6.1, it can be observed that the restnstiof validity laid by the CDE functional form
stated in Equation 3.7 are not satisfidy, b,, b, and b, are greater than 1b, is between 0
and 1 whileb, and b, are negative. Thus, thought the level of signiftz seems rather
attractive as all excepb, are highly significant, the model failed to stagnsistent with the

information contained in the data. Thus, it is @& interest to look at how the model will behave
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with BBMR.
6.1.2 Results with BBMR

BBMR is applied to the unrestricted model with 10@btstraps, and it provides a success rate at
which the restrictions as satisfied, i.e. the numbk bootstraps in which the restrictions in
Equation 3.7 are satisfied divided by the total bamof bootstraps, thus 1000 in this case. With
the unrestricted model BBMR vyields a success rétpractically zero with 1000 bootstraps,
indicating that the CDE form is still somewhat e&manding and inconsistent with the data even

though it is a generalization to the CES functidoain in the Armington model.

In the following part of the chapter, three sepbradtructures described in Section 3.4.2 will be
added to the model to explore their influence om itodel performance without changing the

fundamental CDE cost functional form.
6.2 The 1* separable structure

This structure supposes the weak separability mtwafrica”, “Asia” and “Australia, the U.S.A.

and the ROW”, and the hypotheses laid on the madeb, =b,, b, =b, and b, =b, =b,.
6.2.1 Results and test with iterative 3SLS

The results concerning thb s with this separable structure are provided inérét2. Consequent

to the separability, there are now only three diffeé b s in the model, one for each subset.

Parameter Estimate Std. Error t-statistic P-value
b, -.828551 .221555 -3.73971 [.000]
bs -.636689 .219576 -2.89963 [.004]
b, 1.34382 .237033 5.66932 [.000]

Table 6.2 3SLS results with separability betweefrit®”, “Asia” and “Australia, the U.S.A. and the RO

The estimates in Table 6.2 demonstrate that theyalrsignificant in 1% level, but still not

meeting the restrictions of validity witly, and b, negative andb, greater than one.

Test for the separable hypotheses can be carriedittuthe Quasi Likelihood Ratio (Gallant and
Jorgenson, 1979), and the statisticTis= n[ﬂQ0 —Ql), with Q, and Q, being the values of
the minimum distance criterion for the unrestricked restricted model, respectively. The statistic

T follows a )(2 distribution with the degrees of freedom of thenber of restrictions, thus in
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this case a)(2 distribution with four degrees of freedom. Theutesf the test is in Table 6.3

nQ, nQ T P-value (Y7)

67.8713 56.7148 11.1565 .0248603

Table 6.3 QLR test for the separability between i@, “Asia” and “Australia, the U.S.A. and the ROW"

As shown in Table 6.3, the statistic has a P-vafug025. This separable structure does not seem
very plausible with frequentist econometric testtlee hypothesis of the hypotheses laid on the

model according to the separable structure carjbeted in the 5% level of significance.
6.2.2 Results and test with BBMR

The BBMR with this separable structure leads touecsss rate, i.e. the probability of the
restrictions being satisfied of 22.4%, indicatingienprovement regarding the consistency of the
model with the data compared with the unrestrictextiel without any weak separability among
the cotton import sources assumed. The resultheoBBMR are reported below in Table 6.4
including the posterior means and standard errérth® bs, as well as the minimum and

maximum value within the bootstraps where the i@&ins are satisfied.

Parameter Posterior Mean Posterior S.D. Min Max
by 0.24216 0.15092 0.00067083 0.65765
bs 0.53014 0.25587 0.012523 0.99099
b, 0.45514 0.24910 0.012216 0.99669
Success Rate 22.4%

Table 6.4 BBMR results with separability between fédr, “Asia” and “Australia, the U.S.A. and the ROW”

The posterior distribution of the own-price Alletagicities of substitution (AES) can then be

calculated with Equation 3.12, and they are repdoelow in Table 6.5.

Own-price AES Posterior Mean Posterior S.D. Min Max
01 -8.56949 1.52519 -11.03462 -4.11650
0 5 -33.24628 6.43713 -43.45481 -15.26419
033 -3.98569 1.79418 -7.71165 -0.73031
0 44 -3.89582 1.74530 -7.52283 -0.72859
0 55 -5.27118 2.27470 -9.32428 -0.29843
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0 66 -0.65289 0.16529 -0.95668 -0.21627
077 -3.63215 1.52545 -6.35287 -0.28848

Table 6.5 Own-price AES with separability betweddrica”, “Asia” and “Australia, the U.S.A. and tHROW”

The own-price AES reveals the ratio of the peredgranges in demand of cotton import from a
certain source to the percentage change in theappenditure of China’s cotton import, should
the price of this source change with this separsafolecture. With the average term, the AES with
this separable structure are all negative, whiatoissurprising regarding that the restrictions are
satisfied by all the samples. The cotton produgeldypt and Sudan are the most sensitive to the
change in its own price, as if the price of cotfpoduced in this region increases, the relative
decrease in the quantity of cotton imported froerghwill be more than 33 times higher than the
increase in the total compensated expenditure torconport. The AES of West Africa is also
rather large at 8.5, followed by Australian cottorported by China, which had an AES of more
than 5. The AES of Central Asian cotton and thaifthe ROW have close AES a little lower
than 4, indicating that cotton imported by Chinanfrthese regions are not as sensible to its own
prices as the former ones. What worth noticinghis tJ.S.A., whose own-price AES was
extraordinarily low, which was the only one lowbah 1 among the seven sources of import, but

this seems to be no surprise as it has long beeddiminant cotton exporter to China.

Regarding the posterior standard deviation, the-pkice AES of cotton imported from West

Africa, Egypt and Sudan and the U.S.A have relbtigenall standard deviations in comparison to
their posterior means as the former are around @5b&low in absolute value compared to that of
the latter for these three sources, revealing tatown-price AES of these sources are more
‘tightly’ distributed. On the contrary, the standateviations are larger relative to the posterior
means in the sense of absolute value with the atbigwn import sources of China, for the former

are around 40% to 45% as large as the latter iolatesvalue.

The cross AES posterior distribution are reporteli in Table 6.6. Notice that according to the

separable structure, some cross Allen elastiatiegshe same with each other.

Cross AES Posterior Mean Posterior S.D. Min Max

012 0.96546 0.38774 0.035253 1.71509

2 In this separable structure, the following cro&Sare equal to each othes: ;5= 0 1,=0 ;=0 55 0 15=0 ;=0
17702570 2670 27, 01570 160 1770 5= 0 6= 0 57, 0 357 0 36= 0 37= 0 45= 0 46= 0 47, O 56= 0 57= 0 g7. Only one in
each group will be listed in the table.
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013 0.67747 0.41924 -0.24943 1.64659

015 0.75248 0.14306 0.20779 1.01028
0 34 0.38949 0.59734 -0.64639 1.63474
035 0.46449 0.14718 0.14402 0.85260
0 56 0.53950 0.38284 -0.26878 1.22312

Table 6.6 Cross AES with separability between “Adtic'Asia” and “Australia, the U.S.A. and the ROW”

In comparison to the own-price AES, the cross AESadl positive and below 1, indicating that
the influence on a certain cotton exporter to Clohdhe price change in a different source of
import of China is smaller than the change in Megrice price. Regarding the mean of the
posterior distribution of the cross AES, the cotpmaduced in West Africa and Egypt and Sudan
seems to be most influential to each other, aptice rise in one region will lead to a percentage
increase in China’s cotton import demand for theepthat is 97% as big as the increase in the
total cost of Chinese cotton import. The cross AE&so relatively high with respect to the cotton
exported to China by Africa and Australia, the B.Sand the ROW, as well as African and Asian
cotton. The AES between Australia, the U.S.A. dmel ROW are restricted to be the same by
separable structure, and it is around 0.54. Thieénte of cross price change on the ratio of
relative change in demand and expenditure betwegmAotton exporters to China and Australia,
the U.S.A. and the ROW is relatively small, at and®@.46. The AES is the smallest between the
cotton import sources of China in Asia, hamely CanAsia and Indo Sub-Continent, which is
only 0.39, indicating that a one percent rise mfttital cotton import expenditure China caused by
the increase of price in either of the two regiaiilsbe companied by only 0.39 percent growth in

the demand for cotton exported by the other region.

The posterior standard deviations of the cross AESlarger in a relative term to the posterior
mean than those of the own-price AES. The largegin of posterior standard deviation to mean
is observed with the cross AES between the cottopoited from Central Asia and Indo
Sub-Continent, which is more than 150%. The mooesé” distribution of the cross AES is not
that unexpected as the uncertainty in prices amebdds from both sources in a cross AES are
included, as well as that in the total expenditurecotton import of China. However, the generally
larger posterior standard deviations relative t@mseare not without exception. For instance, the
cross AES between sources in the subsets “Afrind™Australia, the U.S.A. and the ROW” has a

standard deviation that is only 19% as large aptiserior mean, indicating that the substitution
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effect between sources in these two subsets atavedy “stable”.

As introduced in Section 4.3.2, the hypothesedHerseparable structures can also be tested with

a Bayesian approach. The test results are reporiEble 6.7 below.

Shared Hypothesis 95% HPDI Smallest HPD Probability
b -b,=0 [-0.10854, 7.41145] 0.940

b,-b,=0 [-6.03060, 0.053560] 0.948

b.—-b, =0 [-6.48984, -0.94374] 0.976

Structure — Particular Hypothesis 95% HPDI Smakld2D Probability
b,—b, =0 [-2.55294, 4.20667] 0.536

Table 6.7 HPD test for the separability betweerrias’, “Asia” and “Australia, the U.S.A. and the ROW

Table 6.7 demonstrates the HPDI and smallest HRDatilities for the three hypotheses shared
by all three separable structures tested in thesishand the one hypothesis particular in this
structure. In the following sections on the otheo tseparable structures, the HPDI and smallest

HPD probabilities will not be reported again asythee identical to the results in Table 6.7.

It can be seen that in the three common hypothésedirst two, b —b, =0 and b, -b, =0,
the 95% HPDI contain the value 0, and expecteldé/simallest HPD probabilities are smaller than

0.95 with these two hypotheses, and thus theyatreefected with a 5% significance level.

Unfortunately, the third common hypothesig; —b, =0 has an HPDI left to zero, indicating
that zero lied in the right hand tail of the distrion of b, —b,. Confirmatively, the smallest
HPD probability of this hypothesis is 0.976, greatean 0.95. Thus, the hypothesis is rejected,
and the inclusion of Australia and the ROW in tlmme subset does not seem very sound
statistically. However, as the comparison with sapke structures other than the three that are
discussed in detail in this thesis confirmed thase three separable structures lead to the highest
consistency between the model and data withoutnaoglification to the theoretical model and
cost functional form, it may as well be the casattbne has to balance between statistical

significance and economic plausibility, and ithe tthoice in this thesis to prefer the consistency
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between the model and data over more statisticaiiynd, yet less economically reasonable
separable structures. In addition, it is more @s lexpected that it might cause some turmoil in
statistical aspects when it is included in a substtin a separable structure because the ROW is

the combination of the cotton import sources extepimajor six.

Concerning the hypothesis that is particular ts teparable structurd), —b, =0, the 95%
HPDI comfortably contains the value zero, and tmallest HPD probability is also well below
0.95 naturally, so the inclusion of the U.S.A. hretsame subset with the ROW seems less
problematic than the inclusion of Australia and R@W, and this is partly due to the huge import

expenditure share held by the cotton imported filwenU.S.A.

Conclusively, the assumption of the weak sepatglietween “Africa”, “Asia” and “Australia,

the U.S.A. and the ROW" has improved the performeasfche BBMR estimate of the model with
respect to the consistency between the model ataq h@ugh the hypotheses seem to have been
rejected in 5% level with frequentist QLR test, awre out of the four hypotheses has also been

rejected with the Bayesian HPD approach.
6.3 The 2" separable structure

This structure assumes the weak separability beiwddrica”, “Asia and the U.S.A.” and

“Australia and the ROW”, and the hypotheses laidt@model areby =b,, b, =b, =b; and
b, =b.
6.3.1 Results and test with iterative 3SLS

The results concerning thb s with this separable structure are provided inéf&8. There are

also three differentb s in the model, same as the number of subsets.

Parameter Estimate Std. Error t-statistic P-value
by 535125 .369226 1.44932 [.147]
bs .901489 .246060 3.66370 [.000]
b, -.297731 245210 -1.21419 [.225]

Table 6.8 3SLS results with separability betweefritd”, “Asia and the U.S.A.” and “Australia andetliROW”

Table 6.8 reveals that the estimate is significarii% level for the subset “Asia and the U.S.A.”,
but not significant for the others with iterativeSL3. Still, the coefficients with classical
econometrics are not meeting the restrictions bditya
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Test for separability with the Quasi Likelihood Ras reported in Table 6.9.

nQ, nQ T P-value (Y7)

67.8713 58.8731 8.9982 . 0611445

Table 6.9 QLR test for the separability between iz, “Asia and the U.S.A.” and “Australia and tROW"

This separable structure appears to be more plausian the first one, as the hypothesis of the
restriction can not be rejected in the 5% levekighificance, but rejected in 10% significance
level. Thus the plausibility of this separable stawe is somewhat ambiguous with the frequentist

econometrics approach.
6.3.2 Results and test with BBMR

The BBMR with this separable structure leads ta@sss rate of 39.4%. The results taking the
form of posterior means and standard errors, asaseghe minimum and maximum value within

the bootstraps where the restrictions are satisfiedeported here in Table 6.10.

Parameter Posterior Mean Posterior S.D. Min Max
b, 0.29476 0.17688 0.00016773 0.85024
bs 0.74349 0.13224 0.16912 0.99614
b, 0.29781 0.16870 0.0044466 0.93932
Success Rate 39.4%

Table 6.10 BBMR results for the separability betwegfrita”, “Asia and the U.S.A.” and “Australia ande ROW”

The performance of BBMR with this separable strreetuas improved considerably in comparison
to that of the first one with respect to the susceste. It seems that the aggregation of this

structure is more consistent to the informationtaimed in the data.

With the bootstrap outcome above, the own-priceerhlelasticities of substitution (AES) are

reported below in Table 6.11

Own-price AES Posterior Mean Posterior S.D. Min Max
011 -7.86476 1.86576 -11.03292 -1.90113
02 -30.82870 7.62410 -43.58931 -6.77768
0 33 -2.27765 1.04378 -6.76458 -0.28019
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0 44 -2.22859 1.01849 -6.60565 -0.27945

055 -6.48624 1.45176 -9.04898 -0.99892
0 66 -0.45045 0.10337 -0.88257 -0.21304
077 -4.37393 0.94541 -6.08577 -0.81640

Table 6.11 Own-price AES with the separability betw “Africa”, “Asia and the U.S.A.” and “Australand ROW”

The outline of own-price AES in this separable citniee is similar to the one with the first
separable structure. The most elasticities of gubish in this structure have a smaller posterior
mean in absolute value with the exception of the-pwce AES of the cotton imported from
Australia and the ROW. The largest own-price AEgh# of the cotton imported from Egypt and
Sudan with a value of -30.8 indicating that the@tiise of the cotton imported by China from this
region leading to a expenditure rise of one peregihitause a decrease of more than 30% in the
cotton import demand from this region. This resiltonsistent with the last separable structure. A
likely reason for this phenomenon is that the coftoported from this region accounted for a
relatively small share in the Chinese cotton demasdstated in Section 5.3.2; accompanied by
the drastically fluctuating price of the it, itumderstandable that the cotton from Egypt and Sudan

has an extremely high AES.

Just as the situation of the first separable sirecthe smallest own-price AES is also observed
with the U.S.A., the increase in the price of th&totton will lead to only 0.45 times as large a
decrease in China’s cotton demand for it as arease in the total compensated expenditure on
cotton import of China. Consistent with the firsparable structure, this could be explicated with
the huge share of the U.S. cotton in China’s cottoport. As Vlontzos and Duquenne (2007)
claimed, even without an official agreement betw&dina and the U.S.A., the Chinese cotton
import market is somehow dominated by the U.S.ocofor a long period. As stated in Section
5.3.6, the U.S. cotton witnessed peak share of thaire 60% in the total value of cotton import of
China, and its share remained remarkably high eliengh its price has been fluctuating in a
rather large range. This led to the result thatghee changes will lead to a great change in
China’s cotton import expenditure as the U.S. ecotiocounted for such a large percentage in it,

yet the demand for the U.S. cotton is not thatifeago price regarding the data.

The own-price AES of the other sources of impoet @so close to those with the first separable

structure. They are all negative and above onééolate value, suggesting that if the prices of
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these sources change, the relative change of@biiakse cotton import expenditure will be in a

smaller scale than that of the demand for the oait@inated from the corresponding sources.

The posterior standard deviations are smaller tthense in the first separable structure in
comparison to the posterior means of the own-pAES. Only the cotton import from Central
Asia and Indo Sub-Continent sees standard devitioore than 45% as large as its posterior
means, whilst the ratios for all the other souaresbelow 25%. This separable structure seems to

have led to a less variable posterior distributbthe own-price AES.

Cross AES are reported below. Notice that accorttirthe separable structure in Table 6.12.

Cross AES Posterior Mean Posterior S.D. Min Max
012 1.00836 0.36982 -0.18128 1.78818
013 0.55963 0.20518 -0.033744 1.04522
0 15 1.00531 0.13555 0.28349 1.26980
034 0.11090 0.18876 -0.25817 0.97235
0 35 0.55658 0.13853 0.12082 0.88492
0 57 1.00227 0.35807 -0.35184 1.65707

Table 6.12 Cross AES with the separability betwefni¢a”, “Asia and the U.S.A.” and “Australia ande ROW”

According to Table 6.12 with this separable strigtihe cross AES are somewhat different to
those in the first separable structure. At a glieiisis clear that the cross AES are all positéind
can be divided into three main subgroups in theepms mean, with0,,, 0,5, = 0 ,,; and
Os; greater than 1, 040416 = O 930406 aNA O g537 = O 547 = 056 = O, around  0.55;
03435 = 046 around 0.11. The influence of the change in theepof cotton produced in one
source on another seems to be more separatelybdistt among different sources than the

situation of the first separable structure.

It can be found that the cotton produced by WesicAfand Egypt and Sudan has the highest
posterior mean cross AES, the same as in thedastrable structure. This indicates that the price
change in African cotton tends to relatively stigninfluence the demand for cotton from

different African producers. This is partly duettee comparatively small and very fluctuating

% In this separable structure, the following cro&Sare equal to each other: ;5= 0 1,70 1= 0 )= 0 =0 55, ©
1550170 5= 0 571 0 34~ 0 36= 0 46, O 35= 0 377 0 45= 0 47= 0 g6= 0 57. Only one in each group will be listed in the
table.
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share in expenditure of cotton from this regionwadl as fairly strong substitution effect between
the cotton produced by African exporters, leadiaghe fact that the changes in price of one
African import source will cause somewhat stronfjuence on the demand for cotton from
another African country, and impact the total exieme on cotton import of China with the same
direction but slightly smaller in relative scalem@ar conclusions could be drawn on the subset
“Africa” and “Australia and the ROW” with the seabrnighest cross AES, as well as Australia
and the ROW with a cross AES above 1 under thiaragjgity assumption, where the situation

resembles the former case.

The posterior mean of cross AES between the suB&éta” and “Asia and the U.S.A.”, along
with that between subsets “Asia and the U.S.A.” &hadstralia and the ROW” are both around
0.55. This implies that the substitution effectvibetn these two pairs are not as strong as the three
discussed in the last paragraph. The potentiabrefis the phenomena could be two-fold. On the
one hand, the price change in one subset in thepdirs has relatively small influence on the
demand for cotton imported from the other in thmegairs. On the other hand, the impact laid by
the price change on one another in either of the pairs is further diluted by the prevailing
expenditure share held by the subset “Asia andJtBeA.” leading to great percentage variance in

total cotton import expenditure should the pricarde.

Within the subset “Asia and the U.S.A.”, the lowpssterior mean of cross AES is observed with
this separable structure. At 0.11, it is lower tliz@ posterior mean of the AES within the subset
“Asia” in the first separable structure, which walso the lowest in that separable structure. This
could be explained in the same manner with the odseoss AES between “Africa” and “Asia
and the U.S.A.” and that between “Asia and the Al’Sand “Australia and the ROW". The

inclusion of the U.S.A. seems to have laid simitapact on the AES.

Similar to the situation of own-price AES, the mo&ir standard deviations in comparison to the
posterior means of the cross AES also is smallan tim the first separable structure. One
noteworthy point is the ratio between posteriondtad deviation and mean still well higher than
150% in the cross AES between Central Asia, Indm-Gantinent and the U.S.A., which are in the
same subset in this separable structure. It sememhdhie substitution effect between these sources

has become even more variable with the inclusich®fJ.S.A. in the subset.
Similarly, the separability between “Africa”, “Asind the U.S.A.” and “Australia and the ROW”
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is tested with the Bayesian approach. Only theltesiithe constraints particular in this separable

structure are reported in Table 6.13.

Structure — Particular Hypothesis 95% HPDI Smakld2D Probability

b,—-b,=0 [-7.09208, 1.54325] 0.878

Table 6.13 HPD test for the separability betweefritd”, “Asia and the U.S.A.” and “Australia andettROW”

From Table 6.13, it can be seen that the 95% HDIHis particular hypothesis contains the
value 0, and accordingly, smallest HPD probabilgybelow 0.95. Thus, the hypothesis that
b, —b; =0 is not rejected, and it seems plausible to inclheeU.S. cotton in the same subset as

the Asian cotton.

To conclude, the second separable structure, wkithe weak separability between “Africa”,
“Asia and the U.S.A.” and “Australia and the ROV¥’ rhore plausible than the first separable
structure discussed in Section 6.2, for it is egected in 5% level (still rejected in 10% leveihd

the particular hypothesis in the structure is atwintained with Bayesian methods. Besides, it
provides a considerably higher success rate, imghan improvement in consistency with

compared to the first separable structure.
6.4 The 39 separable structure

This structure assumes the weak separability betwédrica and the U.S.A.”, “Asia” and

“Australia and the ROW”, and the hypotheses laidt@model areb, =h, =b,, b, =b, and
b, =b,.
6.4.1 Results and test with iterative 3SLS

The results concerning thb s are reported in Table 6.14. Again, only thies are different from

each other.
Parameter Estimate Std. Error t-statistic P-value
b; .961036 400071 2.40216 [.016]
bs .695808 .264895 2.62673 [.009]
b, -.451963 -.451963 -1.75765 [.079]

Table 6.14 3SLS results with separability betwegfrita and the U.S.A.”, “Asia” and “Australia andg ROW”
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As shown in Table 6.14, the estimate is signifiaant% level for the subset “Asia”, in 5% level
for the subset and in 10% level for the subsetitafrand the U.S.A.” with iterative 3SLS. Still,

the coefficients with classical econometrics aremeeting the restrictions of validity.

Test for separability with the Quasi Likelihood Rdor the separable structure is reported below

in Table 6.15.
nQ, nQ T P-value (Y7)
67.8713 60.5882 7.2831 121663

Table 6.15 QLR test for separability between “Afrazad the U.S.A.”, “Asia” and “Australia and the ROW”

As Table 6.15 reflects, this separable structume wat be rejected in 10% significant level,
indicating that it is more plausible than the fitsto separable structures with frequentist

econometrics test.
6.4.2 Results and test with BBMR

The BBMR with this separable structure leads taecasss rate of 41.4%. The posterior means,
standard errors with the minimum and maximum sigfoedootstrap values ob s are reported

here in Table 6.16.

Parameter Posterior Mean Posterior S.D. Min Max
b, 0.52855 0.23922 0.0068842 0.99885
bs 0.49099 0.24856 0.0047872 0.99441
b, 0.23340 0.19133 0.00062770 0.95420
Success Rate 41.4%

Table 6.16 BBMR results with separability between fédrand the U.S.A.”, “Asia” and “Australia and tROW"”

The performance of BBMR with this separable striectias improved slightly in comparison to
that of the second with respect to the successltaeems that the model gives higher consistency

to the data information.

With the bootstrap outcome above, the own-priceerhlelasticities of substitution (AES) are

reported below in Table 6.17.

Own-price AES Posterior Mean Posterior S.D. Min Max
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01 -5.53458 2.61693 -11.23669 -0.39045

02 -20.88591 10.40643 -43.57438 -0.42778
033 -4.26759 1.81406 -7.89002 -0.59855
0 44 -4.17023 1.76658 -7.70072 -0.59748
0 55 -7.18799 1.58631 -9.15679 -1.08003
0 66 -0.63466 0.13318 -0.94817 -0.26430
077 -4.88194 1.01126 -6.15053 -0.94226

Table 6.17 Own-price AES with the separability bextw “Africa and the U.S.A.”, “Asia” and “Australand ROW”

Concerning the own-price AES in this separablecsiing, it remains similar to those in the first
two, with all the posterior means negative and absolute value between 4 to 10 with the
exception of Egypt and Sudan, and the U.S.A. Howenrehis separable structure, the posterior
mean of cotton imported from Egypt and Sudan isiolgtsmaller in absolute value that the cased
in the first two structures. This could be the testithe fact that this region is now allocated to
the same subset with the U.S.A. unlike in the fivgd separable structures. On the contrary, the

own-price AES of the U.S.A. is not that much infiged with its dominant expenditure share.

Regarding the deviation, this separable struct@sults in ratios of the posterior standard
deviation relative to the means in absolute vahag are overall higher than those produced by the
second separable structure. The own-price AES dtralia, the U.S.A. and the ROW have
posterior standard deviations less than 25% ae Esgosterior means, and for the other resources
the ratios are above 40%. What is interesting fetlkat the standard deviation of the own-price
AES of Egyptian and Sudanese cotton has increasgidavably relative to its posterior mean
compared to the first two separable structures. dle-price AES of cotton from this region
seems to have become more variable with the irausf the U.S.A. in the same subset. Keeping
in mind that the posterior mean of the AES of tame source has also greatly decreased as the
U.S.A. was put in the same subset, it appearstitieat).S. cotton has a great impact on the AES
posterior distribution of Egypt and Sudan, whickc@sistent with the conclusion of Pan et al.
(2005b).However, the influence is not observedhie bpposite direction, as the U.S. cotton
own-price AES still appears with a low ratio betwethe posterior standard deviation and

posterior mean, not different from the situatiamghie first two separable structures.

Cross AES with this separable structure are regdoédow in Table 6.18.
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Cross AES Posterior Mean Posterior S.D. Min Max

012 0.39707 0.39396 -0.39255 1.30183
013 0.43464 0.22381 -0.14231 1.07775
015 0.69222 0.15286 0.27742 1.08631
034 0.47220 0.51055 -0.64299 1.55849
035 0.72978 0.31886 -0.13160 1.43864
0 57 0.98737 0.45801 -0.59162 1.71293

Table 6.18 Cross AES with the separability betwefni¢a and the U.S.A.”, “Asia” and “Australia and RO

The posterior means of the cross AES with this sdpp@ structure is more evenly distributed

without clear clusters, and they are all positind amaller than 1, indicating the changes in prices
of the cotton imported from any source will alwdgad to a percentage change in the demand for
cotton from another source that is smaller thanpidreentage change in the total expenditure of

China on cotton import in the same direction.

With this separable structure, the largest postariean of the cross AES is observed between
Australia and the ROW, which is close to one, iatlitg that the changes in prices of either one of
the two sources will result in almost the same @atage change in the demand for the cotton

from the other source and as in the total experaliéiChina’s cotton import.

The lowest posterior mean of AES is between Afriegporters and the U.S.A., which is followed
by that between the subset “Africa and the U.Sahd “Asia”, and then the one between Central
Asia and Indo Sub-Continent. These three cross AESsmaller than 0.5, suggesting that the

substitution effect is relatively weak between soarce and another within any of the three pairs.

The AES have posterior means around 0.7 betweersuheet “Africa and the U.S.A.” and
“Australia and the ROW”, and also that between gshbset “Asia” and “Australia and ROW”,
meaning that the price change of cotton produceshan source within either subset of one pair
will change the demand for the cotton from a sowvitein the other subset of the same pair with
a percentage about 0.7 time as large as the pageenhange in the total expenditure of Chinese

cotton import.

* In this separable structure, the following cro&Sfare equal to each othes: ;= 0 15 0 5, 0 1570 14,=0 =0
27036045 0150 1770 5= 0 7= 0 56= 0 g7, 0 35= 0 37= 0 45= 0 47. Only one in each group will be listed in the
table.
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The cross AES posterior standard deviation hadasirbehavior with that in the first separable
structure. The posterior standard deviations ofctiess AES are larger in the relative sense to the
posterior means compared to the case in own-prie®. Once again, the ratio of the cross AES
posterior standard deviation to posterior mean eeihwthe cotton imported from Central Asia and
Indo Sub-Continent is the largest and higher thas €urther confirming the conclusion with the

first two separable structures.

Test results for the particular constraint in geparable structure are presented in Table 6.19.

Structure — Particular Hypothesis 95% HPDI Smald3D Probability

b—-b,=0 [-2.80300, 2.58693] 0.082

Table 6.19 HPD test for the separability betweefritd and the U.S.A.”, “Asia” and “Australia andefiROW”

Table 6.19 demonstrates that the particular hysighie this separable structure has a 95% HPDI
containing zero and the smallest HPD probabilittheslowest among the six constraints in total at
0.082. Thus, this constraint is not rejected, dredseparable structure seems more plausible than
the first two with Bayesian HPD test, similar toetltonclusion drawn from the frequentist

econometrics test.
6.5 Conclusion

As the iterative 3SLS estimates of the substitutioefficients fail to satisfy the restrictions,
BBMR and three separable structures are deployesstimate the posterior distribution of the
coefficients, leading to the posterior of own-pramed cross AES. The posterior distributions are
somewhat similar among the own-price AES posteriean, and the behavior of Egypt and Sudan,
and the U.S.A. are especially worth noticing, as thrmer has the largest posterior mean in
absolute value; the latter is the smallest, andtilg own-price AES posterior mean smaller than
1 in absolute value with all three separable simest Yet the posterior standard deviations seem
to be more impacted by different separable stresturhis is especially remarkable with whether
to include the U.S.A. in the same subset with Egypd Sudan. The U.S.A. appears to be very
influential concerning the own-price AES posterstandard deviation in a relative sense to the

own-price AES posterior mean of the cotton frons gource of import.

Concerning the cross AES, the posterior distrim#iare more dependent on different separable
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structures. With the first and third separabledtnes, all the posterior means of AES are between
0 and 1, whilst with the second, they appear iedhtlusters, one slightly above 1, one around
0.55 and the other about 0.11. The behavior ofgpioststandard deviations of the cross AES also
varies among the three separable structures aialyzihis chapter. With the first and the third
separable structures, the posterior standard d@vsadf the cross AES appear to be rather large in
comparison to the posterior means, yet it wasivelgt small in the second separable structure.
However, there is an obvious shared feature with ditoss AES posterior standard deviation,
namely that the cross AES between Central Asia ladd Sub-Continent appear to be very
variable as its posterior standard deviations arget than its posterior means in all three

separable structures.

The three separable structures have different jbiiditys The first structure can be rejected in 5%
level; the second can be rejected in 10% levelniotiin 5%; the third one cannot be rejected in
10% level and appears to be the most plausible Tests have also been carried out on the three
separable structures with Bayesian HPD as wedledéims that the inclusion of Australia and the
ROW in the same subset is not accepted, yet thghtrbie a price one must pay to set the model in
a more economically plausible manner. Other hym#bdaid on the model by the separable
structures are accepted by the Bayesian HPD theteXtent to which the model is consistent to
the data is reflected by the success rate in Baydmotstrap. The first separable structure leads t
a success rate of 22.4%,; the second structuretsasuh success rate of 39.4%, which is much
better than the first one; the third structure wletd a success rate of 41.4%, slightly improved
compared with the second one. In comparison, thaifgton Model with the CES functional
form results in a success rate of almost 100%thygtis in the cost of sacrificing the possibility
test any separability among different sources gfarty and is simply one more compromise one

must make.
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CHAPTER 7 — CONCLUSION

China is the biggest producer of cotton and thgdsgimporter as well because of the huge textile
production and exporting industry. In the year 2Qtina imported more than 3.5 million tons of
cotton from seven main sources of import aroundaxtbigd, namely West Africa, Egypt and Sudan,
Central Asia, Indo Sub-Continent, Australia, thé&SlA. and the Rest of the World. With such a
large market, it is worth investigating China’s toot import demand system, especially the

substitution effects between different sourcesrgiart.

The Armington Model is often used in trade of agltieral products by differentiating the
products by the geographic regions of productiam the limits of the Armington Model are many,
among which is the same constant substitution Etve®mmodities from all regions caused by
the CES functional form it used in underlying thesstc(or utility) function. Another major problem
of the Armington Model is the exclusion of the gbi#y to test separability among different
products. These can be remedied by introducing @st@nt Difference of Elasticity functional

form in the cost (or utility) functions, leading dogeneralization of the Armington Model.

To study the cotton import structure of China, @-stage procedure similar to the Armington
Model was set and the CDE functional form was eguicio generalize the Armington Model. As
cotton is mostly used as intermediate product todpce textiles, it is a two-stage cost
minimization procedure. In the first stage, thetitexindustry of China is considered to be
minimizing its total cost by deciding the quanstief different inputs. Then in the second stage,
the Chinese Government, which has been contralliegcotton import of the country, closes the
gap between domestic cotton production and thé ¢otton demand by imported cotton, and in
the meantime, minimizes the total import cost ottorpby allocating the total expenditure on the

cotton imported from various sources with lineamlogeneity.

As the iterative 3SLS estimators failed to satibfy restrictions laid by the CDE functional form,
the BBMR is hired to estimate the model in a Bagmesapproach, investigating the posterior
distribution of the coefficients and Allen eladfies of substitution among different sources of
import, with the restrictions of the CDE functioriaim as the prior information. A success rate, in
other words, the probability of the restrictionsnigesatisfied in bootstraps was reported as a sign

of consistency between the model and data.

As the success rate of bootstraps with the uncéstiimodel was practically zero, the hint was that
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the CDE functional form may still be too restriiwith its implicit additivity, and a more flexible
functional form may be more consistent with thead&towever, to test the goodness of fit of the
model to the data information without changing fimedamental CDE functional form, three weak
separable structures were introduced to the madwl, were tested with both frequentist and
Bayesian approaches. With the frequentist QLR thstseparability among “Africa”, “Asia” and
“Australia, the U.S.A. and the ROW” was rejectedairb% significance level; the separability
among “Africa”, “Asia and the U.S.A.” and “Australiand the ROW” was not rejected in a 5%
significance level, but was rejected in a 10% lethe# separability among “Africa and the U.S.A.”,
“Asia” and “Australia and the ROW” was not rejecteden in a 10% level. With the Bayesian
HPD test, all the hypotheses laid by the threeredgpa structures were not rejected except for the
inclusion of Australia and the ROW in one subsdijclv unfortunately, was present in all three
separable structures. Nevertheless, this may bempromise one must make with statistical
soundness for the sake of economic plausibilitthase three separable structures were the ones
with the highest success rates in bootstrap theiconsistency between the model and the data,

which were 22.4%, 39.4% and 41.4% in order.

With the posterior means of the own-price AESait be concluded that the cotton from the U.S.A
was the least sensitive to the changes in its avae pwhile that from Egypt and Sudan was the
most sensitive, and this conclusion held mutuaithall three separable structures. The posterior
standard deviations were more impacted by diffesgpiarable structures, especially remarkable
with whether to include the U.S.A. in the same stigth Egypt and Sudan. The U.S.A. appeared
to be very influential concerning the own-price ARSsterior standard deviation in a relative

sense to the own-price AES posterior mean of thli®mrdrom this source of import, while the

conclusion in a reversed direction did not hold.

For the cross AES, all the posterior means of AEShetween 0 and 1 with the first and third
separable structures, whilst with the second, #ppear in three clusters, yet the conclusion could
be drawn that the overall substitution effects leetw the cotton from different sources were
relatively small. The posterior standard deviatiohthe own-price AES were quite dependent on
the specification of the separable structures ag there relatively small in the second whilst
rather large with the other two. Despite of thise anay still conclude that the cross AES between
Central Asia and Indo Sub-Continent appeared tovdrg variable as its posterior standard

deviations were larger than its posterior mearalithree separable structures.
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APPENDIX A — FIGURES IN THE THESIS

Figure 1.1: Domestic cotton production of China fron 1992 to 2011
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Figure 1.2: China’s cotton import quantities from different sources
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Figure 1.3: China’s total value of cotton import
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APPENDIX B — PRELIMINARY STTISTICS OF THE DATA

B. 1 West Africa

West Africa Mean Std. Dev Minimum Maximum
Value (1000 $) 172689.86489 186628.37726 957.08099 512497.93750
Quantity (ton) 112606.77587 127902.20361 747.42902 390779.53125
Price (2000=1) 1.24485 0.26182 0.79834 1.99644

Share 0.079481 0.050782 0.0069759 0.16029
Table B.1 Preliminary statistics of the data of Wsfsica
B. 2 Egypt and Sudan
Egypt and Sudan Mean Std. Dev Minimum Maximum
Value (1000 $) 29052.79498 26224.83118 192.54100 23385625
Quantity (ton) 13092.11666 10541.11182 65.00700 29788906
Price (2000=1) 1.08464 0.36627 0.36419 2.19724
Share 0.022152 0.019427 0.0026425 0.059556
Table B.2 Preliminary statistics of the data of Bggpd Sudan
B. 3 Central Asia
Central Asia Mean Std. Dev Minimum Maximum
Value (1000 $) 216594.10484 220147.97615 1410.28699 757460.68750
Quantity (ton) 173720.88396 138680.81904 3014.02490 475324.93750
Price (2000=1) 3.60345 2.09545 1.00000 9.66899
Share 0.10739 0.042852 0.0071425 0.18117
Table B.3 Preliminary statistics of the data of Calnfsia
B. 4 Indo Sub-Continent
Indo Sub-Continent Mean Std. Dev Minimum Maximum
Value (1000 $) 414642.77924 745487.33078 444.91400 2805763.50000
Quantity (ton) 242552.66621 359683.41328 1408.48096  1110873.75000
Price (2000=1) 2.86592 1.42186 0.78238 6.27569
Share 0.10964 0.10745 0.0022300 0.31837
Table B.4 Preliminary statistics of the data of Ii8ld-Continent
B. 5 Australia
Australia Mean Std. Dev Minimum Maximum
Value (1000 $) 188188.67684 340040.51381 2419.94800 1549105.62500
Quantity (ton) 95090.24604 124043.04253 1777.18701 529687.25000
Price (2000=1) 1.19513 0.28840 0.85527 2.11660
Share 0.093769 0.061561 0.014096 0.24506
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Table B.5 Preliminary statistics of the data of Calnfisia

B. 6 U.S.A.

U.S.A. Mean Std. Dev Minimum Maximum
Value (1000 $) 956823.38704 871720.85747 1998.43604 2979460.00000
Quantity (ton) 586470.17124 502868.80280 3803.28809 1747803.75000
Price (2000=1) 1.77670 0.67390 0.64917 3.62963

Share 0.45695 0.13562 0.079305 0.64863

Table B.6 Preliminary statistics of the data of th8.A.
B. 7 ROW
ROW Mean Std. Dev Minimum Maximum
Value (1000 $) 226708.37051 283520.20325 8886.54004 1259432.75000
Quantity (ton) 182957.23066 152008.36821 29154.9585 516330.12500
Price (2000=1) 2.95455 1.54396 0.54975 7.15700
Share 0.13061 0.088007 0.062780 0.46064

Table B.7 Preliminary statistics of the data of R@W
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APPENDIX C — COMPLETE TABLE OF RESULTS

In this chapter, the full estimation results withthp iterative 3SLS and BBMR of the models
involved in the thesis are presented. For the $aplesenting the iterative 3SLS results, the
relationships between the parameters in the tabtedse in Equation 3.13 ar€i is the a,;
Ci93 is the fB;; CIWTO is the B, ; Ci2005 is the B, ; CTIWTO is the £, ;
CTi2005 is the fB;; CTi is the B;; Bi is the b. For the tables presenting the BBMR
results, the relationships areSCBOOTi is the a; ; SCBOOT93 is the S, ;
SCBOOTIWTOis the B,; SCBOOTRO0S is the £, ; SCTBOOTIWD is the f,;
SCTBOOTR2005 is the S ; SCTBOOTi is the S;; BBOOTI isthe b .

C. 1 The unrestricted model

Parameter Estimate Standard Error t-statistic Beval
C1 1.99143 .658590 3.02377 [.002]
C193 -2.73777 935734 -2.92580 [.003]
C1WTO -9.29732 6.79943 -1.36737 [[172]
C12005 11.4605 7.24026 1.58289 [[113]
CT1IWTO 1.09599 572177 1.91548 [.055]
CT12005 -.866851 .582134 -1.48909 [.136]
CT1 -.348071 .097820 -3.55829 [.000]
B1 2.22015 .321581 6.90385 [.000]
B7 2.03181 .163662 12.4147 [.000]
C2 -2.45081 .556826 -4.40139 [.000]
C293 -1.40041 .795758 -1.75985 [.078]
C2WTO 11.4630 5.76784 1.98740 [.047]
C22005 -14.3250 6.13479 -2.33504 [.020]
CT2WTO -.986809 .485036 -2.03451 [.042]
CT22005 1.13630 493560 2.30225 [.021]
CT2 .057970 .082228 .704992 [.481]
B2 -1.33122 .155221 -8.57626 [.000]
C3 -.684183 .551658 -1.24023 [.215]
C393 -1.70273 794442 -2.14331 [.032]
C3WTO -3.58980 5.87389 -.611144 [.541]
C32005 4.64803 6.24339 744473 [.457]
CT3WTO 242759 493460 491952 [.623]
CT32005 -.342621 .502082 -.682401 [.495]
CT3 .145824 .083343 1.74968 [.080]
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B3 .054441 .150468 .361813 [.717]
C4 -3.15701 476070 -6.63141 [.000]
C493 -.935867 .593972 -1.57561 [.115]
C4AWTO -2.38915 4.75629 -.502313 [.615]
C42005 2.51739 4.87499 .516388 [.606]
CT4WTO -.013501 1401341 -.033640 [.973]
CT42005 -.131253 .389479 -.336996 [.736]
CT4 .293350 .067721 4.33177 [.000]
B4 3.98300 342614 11.6253 [.000]
C5 -4.97076 .793891 -6.26127 [.000]
C593 1.61081 .822173 1.95921 [.050]
C5WTO 13.8005 5.71906 2.41306 [.016]
C52005 -17.6899 6.12866 -2.88642 [.004]
CT5WTO -1.48349 491485 -3.01839 [.003]
CT52005 1.38120 489332 2.82262 [.005]
CT5 527411 .092014 5.73183 [.000]
B5 -4.99523 .743205 -6.72120 [.000]
C6 3.22522 445803 7.23463 [.000]
C693 -2.50142 .662666 -3.77479 [.000]
C6WTO -10.7966 4.71899 -2.28791 [.022]
C62005 12.7225 5.02020 2.53426 [.011]
CT6WTO .979523 .396592 2.46985 [.014]
CT62005 -.954656 403457 -2.36619 [.018]
CT6 -.167451 .067262 -2.48952 [.013]
B6 3.70171 .302450 12.2391 [.000]
Table C.1 Results of the unrestricted model withatiee 3SLS
C. 2 The 1st separable structure
C. 2. 1 Results with iterative 3SLS
Parameter Estimate Standard Error t-statistic Beval
C1l -.847760 .514582 -1.64747 [.099]
C193 -.207216 .705890 -.293553 [.769]
C1WTO -8.45848 5.91953 -1.42891 [.153]
C12005 11.2897 6.25841 1.80393 [.071]
CT1IWTO .865470 498145 1.73739 [.082]
CT12005 -.899779 .504362 -1.78400 [.074]
CT1 -.070430 .076005 -.926649 [.354]
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Bl
B7
C2
C293
C2WTO
C22005
CT2WTO
CT22005
CT2
C3
C393
C3WTO
C32005
CT3WTO
CT32005
CT3
B3
C4
C493
C4WTO
C42005
CT4WTO
CT42005
CT4
C5
C593
C5WTO
C52005
CTSWTO
CT52005
CT5
C6
C693
C6WTO
C62005
CT6WTO
CT62005
CT6

-.828551
1.34382
-2.29763
-1.69596
14.8927
-16.8409
-1.26782
1.34274
.061095
-1.07122
-1.17128
1.60467
-.696885
-.159100
.055957
194548
-.636689
-1.02138
411641
-24.0524
20.1734
1.85166
-1.48164
.031490
-.317491
-1.30934
-3.72526
3.66418
.212307
-.265500
143748
2.59652
-3.30811
-7.87778
7.93384
.730809
-.622745
-.129083

.221555
.237033
.620814
.832140
6.74431
7.13093
.568548
575215
.087138
.561680
773105
6.55290
6.94662
.551160
.559857
.083392
.219576
.598645
778928
6.90577
7.18561
.581909
.578180
.087503
.588468
.695646
5.79219
6.04728
1491287
486582
.077845
.370996
443281
4.02311
4.21340
.339440
.338439
.051373

-3.73971
5.66932
-3.70099
-2.03807
2.20819
-2.36168
-2.22993
2.33432
.701125
-1.90717
-1.51504
.244880
-.100320
-.288664
.099950
2.33295
-2.89963
-1.70616
528471
-3.48295
2.80747
3.18205
-2.56260
.359867
-.539521
-1.88220
-.643152
.605921
432145
-.545643
1.84659
6.99879
-7.46278
-1.95813
1.88300
2.15299
-1.84005
-2.51265

[.000]
[.000]
[.000]
[.042]
[.027]
[.018]
[.026]
[.020]
[.483]
[.056]
[.130]
[.807]
[.920]
[.773]
[.920]
[.020]
[.004]
[.088]
[.597]
[.000]
[.005]
[.001]
[.010]
[.719]
[.590]
[.060]
[.520]
[.545]
[.666]
[.585]
[.065]
[.000]
[.000]
[.050]
[.060]
[.031]
[.066]
[012]
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Table C.2 Results of thé'eparable structure with iterative 3SLS

C. 2. 2 Results with BBMR

Parameter Mean Std. Dev. Minimum Maximum
SCBOOT1 -0.72478 0.15782 -0.99961 -0.17807
SCBOOT193 -0.42243 0.12843 -0.92071 -0.20586
SCBOOT1IWTO 0.62760 0.86773 -2.53296 2.20852
SCBOOT12005 3.02219 0.62783 0.94971 5.51455
SCTBOOT1IWTO 0.14432 0.074462 0.011654 0.40990
SCTBOOT12005 -0.22496 0.048815 -0.41828 -0.049343
SCTBOOT1 -0.076447 0.016581 -0.13792 -0.047847
SCBOOT2 -1.31126 0.19582 -1.65846 -0.55122
SCBOOT293 -2.81021 0.18959 -3.53748 -2.47338
SCBOOT2WTO 8.37600 0.90748 4.96493 10.63429
SCBOOT22005 -9.76219 0.78781 -12.39556 -6.60424
SCTBOOT2WTO -0.68560 0.080377 -0.87387 -0.39118
SCTBOOT22005 0.74574 0.063275 0.51034 0.96905
SCTBOOT2 -0.015084 0.018349 -0.082138 0.022928
SCBOOT3 -1.90331 0.20185 -2.30406 -1.40504
SCBOOT393 -0.91365 0.10852 -1.23816 -0.67152
SCBOOT3WTO 1.16774 0.71533 -1.55956 3.37439
SCBOOT32005 1.98065 0.60705 -0.56363 3.98026
SCTBOOT3WTO -0.20343 0.066543 -0.42589 0.030527
SCTBOOT32005 -0.13932 0.047448 -0.29949 0.070339
SCTBOOT3 0.26124 0.017007 0.20532 0.30237
SCBOOT4 -2.49578 0.31372 -3.12120 -1.76993
SCBOOT493 0.77865 0.11588 0.45810 1.03230
SCBOOT4WTO -12.79998 2.07278 -17.90339 -7.36050
SCBOOT42005 12.17527 1.59434 7.35001 17.08019
SCTBOOT4WTO 0.86983 0.17952 0.39438 1.29446
SCTBOOT42005 -0.84670 0.12025 -1.19551 -0.47123
SCTBOOT4 0.20297 0.034215 0.11009 0.27595
SCBOOT5 -1.70701 0.39340 -2.40651 -0.85173
SCBOOT593 -0.32944 0.27726 -0.93221 0.16355
SCBOOT5WTO 4.58212 1.62340 1.05274 7.46869
SCBOOT52005 -4.22624 1.40302 -6.72095 -1.17599
SCTBOOT5WTO -0.52861 0.14926 -0.79401 -0.20412
SCTBOOT52005 0.34836 0.10712 0.11548 0.53883
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SCTBOOTS5 0.27297 0.036885 0.19277 0.33855
SCBOOT6 1.72231 0.21275 1.34402 2.18484
SCBOOT693 -3.13783 0.026405 -3.19524 -3.09088
SCBOOT6WTO -1.80087 1.16979 -4.34406 0.27913
SCBOOT62005 3.00037 1.06019 1.11524 5.30529
SCTBOOT6WTO 0.19796 0.10210 0.016408 0.41993
SCTBOOT62005 -0.22664 0.079761 -0.40005 -0.084820
SCTBOOT6 -0.038190 0.019994 -0.081658 -0.0026391
SBBOOT1 0.24216 0.15092 0.00067083 0.65765
SBBOOT2 0.24216 0.15092 0.00067083 0.65765
SBBOOT3 0.53014 0.25587 0.012523 0.99099
SBBOOT4 0.53014 0.25587 0.012523 0.99099
SBBOOTS 0.45514 0.24910 0.012216 0.99669
SBBOOT6 0.45514 0.24910 0.012216 0.99669
SBBOOT7 0.45514 0.24910 0.012216 0.99669
Table C.3 Results of thé'separable structure with BBMR
C. 3 The 2nd separable structure
C. 3. 1 Results with iterative 3SLS
Parameter Estimate Standard Error t-statistic Beval
C1l -1.07960 555731 -1.94266 [.052]
C193 -.181724 724153 -.250948 [.802]
C1WTO -3.57624 5.86317 -.609950 [.542]
C12005 8.98916 6.19397 1.45128 [.147]
CT1IWTO 495765 495351 1.00084 [.317]
CT12005 -.713248 498950 -1.42950 [.153]
CT1 -.038032 .078109 -.486902 [.626]
B1 .535125 .369226 1.44932 [.147]
B7 -.297731 .245210 -1.21419 [.225]
Cc2 -1.52160 777501 -1.95704 [.050]
C293 -2.75491 965711 -2.85272 [.004]
C2WTO 13.2631 7.29713 1.81758 [.069]
C22005 -13.5555 7.64465 -1.77320 [.076]
CT2WTO -1.09881 .618619 -1.77623 [.076]
CT22005 1.05580 .617426 1.71000 [.087]
CT2 .019716 .097959 .201269 [.840]
C3 -2.44732 430427 -5.68581 [.000]



C393 -.606865 578924 -1.04826 [.295]
C3WTO 5.66540 4.91295 1.15316 [.249]
C32005 -2.14654 5.14573 -.417150 [.677]

CT3WTO -.605100 412223 -1.46790 [.142]
CT32005 .184168 414236 444597 [.657]
CT3 .305841 .062873 4.86444 [.000]
B3 .901489 .246060 3.66370 [.000]
C4 -3.21260 .559510 -5.74181 [.000]

C493 1.09938 747620 1.47051 [.141]
C4AWTO -5.90007 6.51573 -.905512 [.365]
C42005 5.84256 6.80738 .858269 [.391]

CT4WTO .282362 .548755 .514549 [.607]
CT42005 -.360640 547795 -.658348 [.510]
CT4 .275559 .082365 3.34556 [.001]
C5 -3.01006 487924 -6.16912 [.000]

C593 .583851 .489869 1.19185 [.233]
C5WTO 10.3052 3.98819 2.58393 [.010]
C52005 -8.43025 4.04602 -2.08359 [.037]

CT5WTO -1.05763 .342363 -3.08921 [.002]
CT52005 .687192 .324696 2.11641 [.034]
CT5 403814 .057682 7.00071 [.000]
C6 1.24493 .369676 3.36763 [.001]

C693 -2.51623 491985 -5.11445 [.000]
C6WTO 907131 4.04561 224226 [.823]
C62005 1.17340 4.21968 .278079 [.781]

CT6WTO -.035130 341114 -.102987 [.918]

CT62005 -.090599 .339610 -.266772 [.790]

CT6 .011225 .052606 .213383 [.831]

Table C.4 Results of thd%separable structure with iterative 3SLS
C. 3. 2 Results with BBMR

Parameter Estimate Std. Dev Minimum Maximum
SCBOOT1 -0.80463 0.059626 -0.94052 -0.43288
SCBOOT193 -0.36859 0.065800 -0.75151 -0.22411
SCBOOT1IWTO 1.12400 0.42452 -1.62815 2.50053
SCBOOT12005 2.74472 0.31052 1.56100 4.61362
SCTBOOT1IWTO 0.10280 0.033065 0.0030159 0.31137
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SCTBOOT12005
SCTBOOT1
SCBOOT2
SCBOOT293
SCBOOT2WTO
SCBOOT22005
SCTBOOT2WTO
SCTBOOT22005
SCTBOOT2
SCBOOT3
SCBOOT393
SCBOOT3WTO
SCBOOT32005
SCTBOOT3WTO
SCTBOOT32005
SCTBOOT3
SCBOOT4
SCBOOT493
SCBOOT4WTO
SCBOOT42005
SCTBOOT4WTO
SCTBOOT42005
SCTBOOT4
SCBOOT5
SCBOOT593
SCBOOT5WTO
SCBOOT52005
SCTBOOT5WTO
SCTBOOT52005
SCTBOOT5
SCBOOT6
SCBOOT693
SCBOOT6WTO
SCBOOT62005
SCTBOOT6WTO
SCTBOOT62005
SCTBOOT6
SBBOOT1

-0.20348
-0.068044
-1.35325
-2.79753
8.67905
-9.87955
-0.71125
0.75361
-0.0093550
-2.03641
-0.88346
1.23506
2.13748
-0.22238
-0.15079
0.27013
-2.73451
0.82105
-11.21270
10.96311
0.73194
-0.75550
0.22902
-1.95548
-0.15432
5.60745
-5.11238
-0.62288
0.41602
0.29626
1.62608
-2.90867
-1.49822
3.15267
0.17023
-0.23721
-0.025738

0.29476

0.024968
0.0066222
0.15400
0.18326
0.57043
0.65020
0.052070
0.054641
0.011749
0.13705
0.10125
0.72036
0.59393
0.062241
0.046621
0.013883
0.17363
0.10146
1.13923
0.88554
0.098426
0.068140
0.018980
0.26643
0.18777
1.09945
0.95019
0.10108
0.072546
0.024981
0.13097
0.14266
0.73039
0.57433
0.063315
0.045224
0.014453
0.17688
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-0.34861
-0.11729
-1.65365
-3.56987
6.17294
-11.82465
-0.83704
0.56897
-0.083897
-2.35951
-1.16255
-1.07944
0.057397
-0.43404
-0.28950
0.23364
-3.07703
0.55253
-16.00641
7.98742
0.44246
-0.99683
0.15864
-2.41878
-0.86836
1.42660
-6.76471
-0.79866
0.14015
0.20127
1.30806
-3.48919
-4.08878
0.97503
-0.051281
-0.36488
-0.065495
0.00016773

-0.11219
-0.050866
-0.62328
-2.43122
10.13795

-7.68297
-0.47714

0.90964
0.018227
-1.60609
-0.64267

3.61305

3.95937
-0.024465

0.031564

0.30975
-2.03865

1.06050
-7.81802

14.19405

1.13636

-0.50599

0.27289
-0.94233

0.17220

7.51932

-1.49910
-0.23849

0.54217
0.33970
2.01845
-2.57363

1.08181

4.83535

0.38768
-0.047115
0.013713

0.85024
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SBBOOT2 0.29476 0.17688 0.00016773 0.85024
SBBOOT3 0.74349 0.13224 0.16912 0.99614
SBBOOT4 0.74349 0.13224 0.16912 0.99614
SBBOOTS 0.29781 0.16870 0.0044466 0.93932
SBBOOT6 0.74349 0.13224 0.16912 0.99614
Table C.5 Results of thd%separable structure with BBMR
C. 4 The 3rd separable structure
C. 4. 1 Results with iterative 3SLS
Parameter Estimate Standard Error t-statistic Beval
C1l -.865502 .606609 -1.42679 [.154]
C193 -.393425 767351 -.512706 [.608]
C1IWTO -3.86654 6.12595 -.631175 [.528]
C12005 9.55720 6.45363 1.48090 [.139]
CT1IWTO .538832 .518900 1.03841 [.299]
CT12005 -.757090 519721 -1.45672 [.145]
CT1 -.058462 .083226 -.702455 [.482]
Bl .961036 1400071 2.40216 [.016]
B7 -.451963 .257141 -1.75765 [.079]
Cc2 -.992723 .840204 -1.18153 [.237]
C293 -3.30531 1.00643 -3.28418 [.001]
C2WTO 10.9390 7.42914 1.47245 [.141]
C22005 -11.2428 7.71316 -1.45761 [.145]
CT2WTO -.887492 .631655 -1.40502 [.160]
CT22005 .864085 .623171 1.38659 [.166]
CT2 -.023757 101776 -.233425 [.815]
C3 -2.56202 433456 -5.91068 [.000]
C393 -.453318 578126 -.784116 [.433]
C3WTO 7.01488 4.90625 1.42978 [.153]
C32005 -3.29405 5.13167 -.641907 [.521]
CT3WTO -. 710751 411649 -1.72660 [.084]
CT32005 273473 413048 .662086 [.508]
CT3 .322810 .062906 5.13165 [.000]
B3 .695808 .264895 2.62673 [.009]
C4 -3.21830 .592610 -5.43072 [.000]
C493 1.23644 787911 1.56926 [[117]
C4AWTO -6.43489 6.89186 -.933694 [.350]



C42005 6.41748 7.19219 .892285 [.372]
CT4WTO .326915 .580510 .563152 [.573]
CT42005 -.404088 .578695 -.698275 [.485]

CT4 274773 .087094 3.15491 [.002]
C5 -3.26304 .503778 -6.47714 [.000]
C593 761726 497092 1.53237 [.125]

C5WTO 11.6234 4.03519 2.88051 [.004]

C52005 -9.56659 4.07756 -2.34615 [.019]
CT5WTO -1.17695 .346945 -3.39231 [.001]
CT52005 776702 .327105 2.37448 [.018]

CT5 428249 .058890 7.27200 [.000]
C6 1.12699 .384624 2.93012 [.003]
C693 -2.39291 .534497 -4.47694 [.000]

C6WTO 1.62448 4.20566 .386260 [.699]
C62005 .736821 4.41108 .167039 [.867]
CT6WTO -.097964 .354623 -.276249 [.782]
CT62005 -.055365 .354572 -.156146 [.876]

CT6 .024314 .054630 445062 [.656]
Table C.6 Results of thé*3eparable structure with iterative 3SLS
C. 4. 2 Results with BBMR
Parameter Estimate Std. Dev Minimum Maximum
SCBOOT1 -0.67324 0.13498 -1.13042 -0.24571
SCBOOT193 -0.49251 0.12582 -0.89692 -0.097373
SCBOOT1IWTO 0.86322 0.62198 -1.57167 2.38915
SCBOOT12005 3.14046 0.55463 1.59768 4.83522
SCTBOOT1IWTO 0.13501 0.054405 -0.016802 0.33205
SCTBOOT12005 -0.23407 0.043044 -0.36309 -0.11124
SCTBOOT1 -0.080452 0.013861 -0.13540 -0.036864
SCBOOT2 -1.05358 0.27469 -1.86205 -0.29636
SCBOOT293 -3.10440 0.28902 -3.87682 -2.32737
SCBOOT2WTO 7.55891 1.05365 4.55386 10.87877
SCBOOT22005 -8.77223 1.06717 -11.80045 -5.85908
SCTBOOT2WTO -0.60849 0.095851 -0.90757 -0.33793
SCTBOOT22005 0.66251 0.087429 0.42743 0.90663
SCTBOOT2 -0.033646 0.022588 -0.11188 0.034748
SCBOOT3 -2.06980 0.15450 -2.34715 -1.52421
SCBOOT393 -0.77109 0.11720 -1.17898 -0.56915
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SCBOOT3WTO
SCBOOT32005
SCTBOOT3WTO
SCTBOOT32005
SCTBOOT3
SCBOOT4
SCBOOT493
SCBOOT4WTO
SCBOOT42005
SCTBOOT4WTO
SCTBOOT42005
SCTBOOT4
SCBOOT5
SCBOOT593
SCBOOT5WTO
SCBOOT52005
SCTBOOT5WTO
SCTBOOT52005
SCTBOOT5
SCBOOT6
SCBOOT693
SCBOOT6WTO
SCBOOT62005
SCTBOOT6WTO
SCTBOOT62005
SCTBOOT6
SBBOOT1
SBBOOT2
SBBOOT3
SBBOOT4
SBBOOT5
SBBOOT6
SBBOOT7

2.07373
1.34059
-0.28077
-0.090715
0.27906
-2.64288
0.91898
-12.17296
11.78646
0.81432
-0.81694
0.21764
-2.05719
-0.082638
6.02719
-5.47514
-0.66147
0.44372
0.30580
1.56070
-2.97100
-1.05499
2.59145
0.13206
-0.19564
-0.020770
0.52855
0.52855
0.49099
0.49099
0.23340
0.52855
0.23340

0.83498
0.74286
0.068228
0.056952
0.015388
0.23323
0.11426
1.61534
1.27209
0.13970
0.095815
0.025821
0.30216
0.21296
1.24690
1.07763
0.11464
0.082276
0.028331
0.13550
0.21583
0.68454
0.52163
0.059882
0.040434
0.015879
0.23922
0.23922
0.24856
0.24856
0.19133
0.23922
0.19133

-0.33842
-0.15794
-0.39923
-0.27944
0.22321
-3.15854
0.49939
-17.41137
8.79576
0.48284
-1.13820
0.13494
-2.42481
-0.88492
1.32964
-6.78622
-0.80095
0.13375
0.19907
1.30126
-3.71737
-3.90351
1.04646
-0.0052918
-0.33848
-0.080449
0.0068842
0.0068842
0.0047872
0.0047872
0.00062770
0.0068842
0.00062770

3.65881
3.92403
-0.056418
0.023682
0.30972

-1.91929
1.11716
-8.34684
15.99187
1.26902
-0.58058
0.27646
-0.91883
0.17645
7.54421
-1.41530
-0.22958
0.54382
0.34027
2.04973
-2.50545
0.56583
4.40921
0.38186
-0.066747
0.022186
0.99885
0.99885
0.99441
0.99441
0.95420
0.99885
0.95420

Table C.7 Results of thé*eparable structure with BBMR
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APPENDIX D — TSP CODING

D. 1 The TSP coding with the 3rd separable structw

OPTIONS MEMORY=2000;
FREQ A;

SMPL 1992 2011;

CONST NOBS 20;

5

TITLE 'VARIABLE DEFINITIONS';

?1= WEST AFRICA

22= EGYPT AND SUDAN
23= CENTRAL ASIA

?4= INDO SUB CONTINENT
?5= AUSTRALIA

26= USA

27= REST OF WORLD

?

?

LOAD V1 Q1;

49220.676 31222.721
3203.665 1999.812

1244152 6825.653
43984.03 22083.1

31943.134 16815.44
76006.262 43907.784
24990.415 14528.373
5834.673 3801.686
957.081 747.429
3538.164 2584.793
31980.018 31283.227

187098.571 135729.887
512497.925 308234.758
486232.866 390779.538
485175.149 369038.853
316374.088 229903.395
230105.856 136975.939
244927.036 180569.386
274397.898 155770.84

432888.218 169332.924

TREND TIME;

GENR P1=V1*1000/Q1;
PRINT V1 Q1 P1;

?

?

LOAD V2 Q2;
8134.414 5715.152
192.541 65.007
53805.348 31430.991
77705.481 37829.54
37069.812 23564.476
20698.362 12720.21
1007.702 420.468
1521.454 2079.827
8170.971 4067.883
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5208.626 2064.818
10536.189 5075.735
17966.101 9946.279
32148.306 15728.383
38931.879 21138.3
35574.274 14796.958
24329.122 10248.425
21509.433 8921.349
27260.42 11694.539
67051.801 23435.872
92233.659 20898.123

GENR P2=V2*1000/Q2;
PRINT V2 Q2 P2;
s

LOAD V3 Q3;

3268.297 7115.957
1410.287 3014.025

92551.97 91064.938
128624.626 248387.476

92050.176 91746.716
198616.431 128578.079
54477.466 79122.662
18991.074 60397.398
24749.272 87675.716
10872.437 31181.393
24532.992 29111.368

191569.283 176805.807
358854.985 255980.876
417297.918 375245.709
556985.604 475324.941
332242.865 288243.834
305289.57 217317.578

202324.872 200611.577
757460.69 422422.593

559711.239 205069.017

GENR P3=V3*1000/Q3;
PRINT V3 Q3 P3;

?

?

LOAD V4 Q4;

27542.032 18979.892
4366.697 4961.42
9500.356 10069.236

11164.696 7827.255

77929.04 46801.642

43866.273  30371.373

13820.935 14733.498
2467.94 7837.772

11619.379 28870.74

12221.04 28911.601

444914 1408.481
8680.425 15178.48
82179.08 60227.151

169950.406 150651.244
784144.229  637658.544
888925.674  680155.12
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983404.277
493507.073
1861357.617
2805763.442

643818.166

383274.98

968442.931
1110873.788

GENR P4=V4*1000/Q4;
PRINT V4 Q4 P4,

?
LOAD V5 Q5;

6450.296
2419.948
73786.576
50570.192
73611.056
187835.648
50900.728
25688.45
18021.072
25245.626
23575.571
36335.257
176852.555
274992.503
318402.552
171702.084
133691.173
148794.408
415792.229
1549105.63

4289.597
1777.187
40050.016
23782.936
39434.064
101203.232
30459.252
17524.581
13042.439
21129.198
19949.644
24257.634
102983.74
202638.804
227948.617
117199.88
77037.218
102491.544
204918.1
529687.275

GENR P5=V5*1000/Q5;
PRINT V5 Q5 P5;

s
LOAD V6 Q6;
273468.736
1998.436
551302.912
964342.144
803832.128
725273.152
195003.6
26733.786
58683.336
50636.182
92672.655
666387.525
1782180.804
1471545.67
2302777.003
1615187.655
1666913.921
891642.286
2016425.988
2979460.099

170574.464
3803.288
317836.896
521284.768
423381.504
420764.544
134663.088
33246.815
72500.555
63796.205
105175.531
529455.53
1091630.801
1213250.332
1747803.744
1154368.382
994313.98
681812.344
1035592.043
1014148.542

GENR P6=V6*1000/Q6;
PRINT V6 Q6 P6;



b

LOAD VWORLD QWORLD;

457584.96
25199.434
936139.776
1486725.76
1276438.016
1410343.168
381343.84
104825.974
137197.321
116608.617
199511.78
1218245.977
3242122.824
3246197.095
4974642.693
3579753.596
3564706.744
2211367.939
5846449.51
9678595.164

326955.296
44775.296
615757.056
1003366.592
751459.648
848835.264
310285.728
163871.814
250906.032
197097.699
245061.35
1074961.058
2114129.012
2745287.768
3980021.554
2740434.396
2263696.391
1758926.167
3127633.895
3566339.643

GENR PWORLD=VWORLD*1000/QWORLD;
PRINT VWORLD QWORLD PWORLD;

"

GENR V7=VWORLD-V1-V2-V3-V4-V5-V6;
GENR Q7=QWORLD-Q1-Q2-Q3-Q4-Q5-Q6;
GENR P7=V7*1000/Q7;

PRINT V7 Q7 P7;

?

GENR VTOT=V1+V2+V3+V4+V5+V6+V7;
DOT 1-7;

NORMAL P.,2000,1;

ENDDOT;

PRINT P1-P7;

DOT 1-7;

GENR S.=V./VTOT;
MSD S.;

SET SM.=@MEAN(2);
ENDDOT;

PRINT P1-P7;

GENR TOTALS=S1+S2+S3+S4+S5+S6+S7;
PRINT S1-S7 TOTALS;
?

LOAD DUM1993;
0100000000000
0000000;

LOAD DUMWTO;
000000000

111111111

11;

LOAD DUMWTO1,;
000000000

011111111

80



11;

LOAD DUM2005;
0000000000000
1111111;

PRINT DUM1993 DUMWTO DUMWTO1 DUM2005;
?

SMPL 1992 2011;
DOT 1-6;
Y.=LOG(S.)-LOG(S7);
ENDDOT;

PRINT Y1-Y6;

?
TITLE 'STONE PRICE INDEX WITH CURRENT "BUDGET SHARES;

GENR
PSTONE_CUR=EXP(S1*LOG(P1)+S2*LOG(P2)+S3*LOG(P3)+S3E(P4)+S5*LOG(P5)+S6*LOG(P6)+S7*
LOG(P7));

PRINT PSTONE_CUR;

DOT 1-7;
GENR LP.=LOG(P.);
ENDDOT;

PRINT LP1-LP7;

GENR LP=LOG(PSTONE_CUR);
PRINT LP;

GENR DUMWTO_TIME=DUMWTO1*TIME;

GENR DUM2005_TIME=DUMZ2005*TIME;
?

TITLE 'CDEH MODEL FOR CHINESE IMPORTS';

?

DOT 1-6;

FRML EQ. Y.=C.+C.93*DUM1993+(C.WTO*DUMWTO1+C.2005*DUM2Gi)+
+(CT.WTO*DUMWTO1+CT.2005*DUM2005)*TIMECT.*TIME
+B.*(LP.-LP)-B7*(LP7-LP);

GENR DUMWTO_TIME=DUMWTOZ1*TIME;
GENR DUM2005_TIME=DUM2005*TIME;
PRINT EQ.;
ENDDOT;
PARAM C193-C693;
PARAM CT1-CT6;
PARAM CT1WTO-CT6WTO;
PARAM CT12005 CT22005 CT32005 CT42005 CT52005 CT62005;
PARAM B1-B7;
PARAM C1-C6;
PARAM C1WTO-C6WTO;
PARAM C12005 C22005 C32005 C42005 C52005 C62005;
\
SMPL 1992 2011;
PRINT Y1-Y6;
DOT 1-6;
LSQ EQ.;
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ENDDOT;
?

LSQ(MAXIT=1000,MAXITW=200)EQ1-EQS;
LSQ(MAXIT=1000,MAXITW=200,INST=(C,LP1-LP7,DUM1993, DMWTO1,DUM2005, TIME,DUMWTO_TI
ME,DUM2005_TIME))EQ1-EQ6;

?2CONST 12005 0 C22005 0 C32005 0 C42005 0 C52005 00GER

2LSQ(MAXIT=200)EQ1-EQS;

5

?
TITLE 'SEPARABILITY BETWEEN "AFRICA, US", "ASIA" AND "AUSTRAILA, RESTOF";

FRML EQSEP2 B2=B1;
FRML EQSEP4 B4=B3;

FRML EQSEP5 B5=B7;

FRML EQSEP6 B6=B1;

EQSUB(PRINT)EQ2 EQSEP2;

EQSUB(PRINT)EQ4 EQSEP4;

EQSUB(PRINT)EQ5 EQSEPS5;

EQSUB(PRINT)EQ6 EQSEPS;

PRINT EQ1-EQ6;
LSQ(MAXIT=1000,MAXITW=200,INST=(C,LP1-LP7,DUM1993, DMWTO1,DUM2005, TIME))EQ1-EQ6;
.

LOAD CONST;
1111111111
1111111111,

?All EXOGENOUS VARIABLES

MMAKE X CONST bUM1993 DUMWTO1 DUM2005 DUMWTO_TIME DW2005_TIME TIME LP1
LP2 LP3 LP4 LP5 LP6 LP7,;

MAT INVX=(X'X)"X";

MAT XINVX=X*INVX;

?ENDOGENOUS VARIABLES
MMAKE Z LP;

MAT MEANPI=INVX*Z;

MAT EHAT=Z-X*MEANPI;
PRINT EHAT;

MAT S=EHAT'EHAT,

PRINT S;

?SQUARE ROOT OF S

MAT EIGVAS=EIGVAL(S);

PRINT EIGVAS;

MAT EIGVES=EIGVEC(S);

PRINT EIGVES;

MAT SQS=EIGVES*SQRT(DIAG(EIGVAS))*EIGVES";
PRINT SQS;

?

MAT M=IDENT(NOBS)-XINVX;

PRINT M;

?BOOTSTRAP AND 3SLS MAPPING
s

SET FLAG=0;
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CONST NBOOT 1000;
CONST NCOEFF 45;
MFORM(TYPE=GENERAL,NROW=NBOOT,NCOL=NCOEFF) MCOEFF;
DO I=1 TO NBOOT BY 1;
SMPL 1 NOBS;
RANDOM (UNIFORM) BOOTS;
GENR U=NOBS*BOOTS+1;
GENR INTU=INT(U);
GENR ESAMPB=0;
DO J=1 TO NOBS BY 1;
SET ORD=INTU(J);
SET ESAMPB(J)=EHAT(ORD);
ENDDO;
MMAKE ESAMPX ESAMPB;

SMPL 1992 2011;

MAT ESAMPXX=M*ESAMPX;

MAT OMBOOT=ESAMPXX'ESAMPXX;
MAT SIGSTA=S*OMBOOT"S;

MAT EIGVASIGSTA=EIGVAL(SIGSTA);
MAT EIGVESIGSTA=EIGVEC(SIGSTA);
MAT SQSIGSTA=EIGVESIGSTA*SQRT(DIAG(EIGVASIGSTA)EIGVESIGSTA';
MAT ESAMP=ESAMPX*SQS"SQSIGSTA,
MAT PIBOOT=MEANPI-INVX*ESAMP;
MAT ZBOOT=X*PIBOQOT;

UNMAKE ZBOOT LPBOOT,;

DOT 1-6;

FRML EQBOQT. Y.=CBOOT.+CBOOT.93*DUM1993+(CBOOT.WTO*DUMVDIL
+CBOOT.2005*DUM2005)+(CTBOOT.WTO*DUMWTI®
CTBOOT.2005*DUM2005)*TIME+CTBOOT.*TIME+
BBOOT.*(LP.-LPBOOT)-BBOOT7*(LP7-LPBOQT);

ENDDOT;

PARAM CBOOT193-CBOOT693;

PARAM CTBOOT1-CTBOOTE6;

PARAM CTBOOT1IWTO-CTBOOTEWTO;

PARAM CTBOOT12005 CTBOOT22005 CTBOOT32005 CTBOOT42005 CTBEEDDS
CTBOOT62005;

PARAM BBOOT1-BBOOT7;

PARAM CBOOT1-CBOOTE6;

PARAM CBOOT1IWTO-CBOOT6WTO,;

PARAM CBOOT12005 CBOOT22005 CBOOT32005 CBOOT42005 CBOOTSAEGOT62005;

s
SMPL 1992 2011;

DOT 1-6;

LSQ (NOPRINT,SILENT)EQBOOT.;;
ENDDOT;

?

FRML EQSEPBOOT2 BBOOT2=BBOOT1,
FRML EQSEPBOOT4 BBOOT4=BBOOTS3;
FRML EQSEPBOOTS5 BBOOT5=BBOOTY7,
FRML EQSEPBOOT6 BBOOT6=BBOOT1,
EQSUB(PRINT)EQBOOT2 EQSEPBOOT2;
EQSUB(PRINT)EQBOOT4 EQSEPBOQOT4;
EQSUB(PRINT)EQBOOT5 EQSEPBOQOTS5;
EQSUB(PRINT)EQBOOT6 EQSEPBOQOTE6;
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LSQ(NOPRINT,MAXITW=50,MAXIT=1000,SILENT)EQBOOT1-EQBOT6;
?

MCOEFF[I,1]=CBOOT1,
MCOEFF[1,2]=CBOOT2;
MCOEFF[I,3]=CBOOTS3;
MCOEFF[1,4]=CBOOT4;
MCOEFF[I,5]=CBOOTS5;
MCOEFF[1,6]=CBOOT®6;
MCOEFF[I,7]=CBOOT193;
MCOEFF[1,8]=CBOOT293;
MCOEFF[1,9]=CBOOT393;
MCOEFF[1,10]=CBOOT493;
MCOEFF[I,11]=CBOOT593;
MCOEFF[1,12]=CBOOT693;
MCOEFF[1,13]=CBOOT1WTO;
MCOEFF[I,14]=CBOOT2WTO;
MCOEFF[I,15]=CBOOT3WTO;
MCOEFF[1,16]=CBOOT4WTO,;
MCOEFF[I,17]=CBOOT5WTO;
MCOEFF[1,18]=CBOOT6WTO;
MCOEFF[1,19]=CBOOT12005;
MCOEFF[1,20]=CBOOT22005;
MCOEFF[1,21]=CBOOT32005;
MCOEFF[1,22]=CBOOT42005;
MCOEFF[1,23]=CBOOT52005;
MCOEFF[1,24]=CBOOT62005;
MCOEFF[1,25]=CTBOOT1WTO;
MCOEFF[1,26]=CTBOOT2WTO;
MCOEFF[1,27]=CTBOOT3WTO;
MCOEFF[1,28]=CTBOOT4WTO;
MCOEFF[1,29]=CTBOOT5WTO;
MCOEFF[1,30]=CTBOOT6WTO;
MCOEFF[1,31]=CTBOOT12005;
MCOEFF[1,32]=CTBOOT22005;
MCOEFF[1,33]=CTBOOT32005;
MCOEFF[1,34]=CTBOOT42005;
MCOEFF[1,35]=CTBOOT52005;
MCOEFF[1,36]=CTBOOT62005;
MCOEFF[I,37]=CTBOOT];
MCOEFF[1,38]=CTBOOTZ2;
MCOEFF[1,39]=CTBOOTS3;
MCOEFF[1,40]=CTBOOT4;
MCOEFF[1,41]=CTBOOTS5;
MCOEFF[1,42]=CTBOOT®6;
MCOEFF[1,43]=BBOOT1,
MCOEFF[1,44]1=-BBOOTS3;
MCOEFF[1,45]=BBOOT7;

IF (BBOOT1<0&BBOOT3<0&BBOOT7<0)
|(BBOOT1>0&BBOOT3>0&BBOOT7>0&BBOOT1<1&BBOOT3<1&BBOOT7<1));
THEN; SET FLAG=FLAG+1;

ENDDO;

PRINT FLAG;

MFORM(TYPE=GENERAL,NROW=FLAG,NCOL=NCOEFF) MVALCOEFF;
SET RC=1;
DO CK=1 TO NBOOT BY 1,
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IF (MCOEFF[CK,43]<0&MCOEFF[CK,44]<0&MCOEFF[CK,45]<0)|
(MCOEFF[CK,43]>0&MCOEFF[CK,44]>0&MCOEFF[CK,45]>0
&MCOEFF[CK,43]<1&MCOEFF[CK,44]<1&MCOEFF[CK,45]<1));
THEN; DO;

DO CC=1 TO NCOEFF BY 1
MVALCOEFF[RC,CC]=MCOEFF[CK,CC];
ENDDO;
SET RC=RC+1;
ENDDO;
ENDDO;

FREQ NONE;

SMPL 1 FLAG,;

UNMAKE MVALCOEFF SCBOOT1-SCBOOT6 SCBOOT193 SCBOOT293 SCBOOT393

SCBOOT493 SCBOOT593 SCBOOT693 SCBOOT1IWTO-SCBOOT6WTO SCBOOT12005
SCBOOT22005 SCBOOT32005 SCBOOT42005 SCBOOT52005 SCBOOT62005
SCTBOOT1IWTO-SCTBOOT6WTO SCTBOOT12005 SCTBOOT22005 SCTBOO032SCTBOOT42005
SCTBOOT52005 SCTBOOT62005 SCTBOOT1-SCTBOOT6 SBBOOT1 SBBOOT3 E8BO

GENR SBBOOT2=SBBOOT1,
GENR SBBOOT4=SBBOOTS3;
GENR SBBOOT5=SBBOOT7;
GENR SBBOOT6=SBBOOT1,

? POSTERIOR MEAN AND VARIANCE FOR ALL COEFFICIENTS
DOT 1-6;

MSD SCBOOT,;

MSD SCBOOT.93;
MSD SCBOOT.WTO;
MSD SCBOOT.2005;
MSD SCTBOOT.WTO;
MSD SCTBOOT.2005;
MSD SCTBOOT.;
ENDDOT;

?

DOT 1-7;

MSD SBBOOT,;
ENDDOT;

DOT 1-7;

GENR ALPHABOOT.=1-SBBOOT,;
MSD ALPHABOOT.;

ENDDOT;

?
GENR ROTBOOT=ALPHABOOT1*SM1+ALPHABOOT2*SM2+ALPHABOOT3*SBK+ALPHABOOT4*SM4
+ALPHABOOT5*SM5+ALPHABOOT6*SM6+ALPHABOOT7*SM7,

MSD ROTBOOT;
?

TITLE 'ALLEN ELASTICITIES OF SUBSTITUTION

TITLE 'SHORT RUN;

?

TITLE 'OWN PRICE ELASTICITIES OF SUBSTITUTION;

TITLE 'SHORT RUN;

?

GENR ALLENBOOT11=ALPHABOOT1+ALPHABOOT1-ROTBOOT-ALPHABOOTSM1,;
MSD ALLENBOOT11,;
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b

GENR ALLENBOOT22=ALPHABOOT2+ALPHABOOT2-ROTBOOT-ALPHABOOT3M2;
MSD ALLENBOOT22;

?

GENR ALLENBOOT33=ALPHABOOT3+ALPHABOOT3-ROTBOOT-ALPHABOOTSM3;
MSD ALLENBOOT33;

?

GENR ALLENBOOT44=ALPHABOOT4+ALPHABOOT4-ROTBOOT-ALPHABOOT8M4;
MSD ALLENBOQOTA44;

?

GENR ALLENBOOT55=ALPHABOOT5+ALPHABOOT5-ROTBOOT-ALPHABOOTSM5;
MSD ALLENBOQOTS5;

?

GENR ALLENBOOT66=ALPHABOOT6+ALPHABOOT6-ROTBOOT-ALPHABOOTSBMG;
MSD ALLENBOOT66;

?

GENR ALLENBOOT77=ALPHABOOT7+ALPHABOOT7-ROTBOOT-ALPHABOOT3M7;
MSD ALLENBOOT77;

?

DOT 2-7;

GENR ALLENBOOT1.=ALPHABOOT1+ALPHABOOT.-ROTBOOT,;

MSD ALLENBOOT1,;

ENDDOT;

?

DOT 3-7;

GENR ALLENBOOT2.=ALPHABOOT2+ALPHABOOT.-ROTBOOT,;

MSD ALLENBOOTZ2,;

ENDDOT;

?

DOT 4-7;

GENR ALLENBOOT3.=ALPHABOOT3+ALPHABOOT.-ROTBOOT,;

MSD ALLENBOOTS,;

ENDDOT;

?

DOT 5-7;

GENR ALLENBOOT4.=ALPHABOOT4+ALPHABOOT.-ROTBOOT,;

MSD ALLENBOOT4,;

ENDDOT;

?

DOT 6-7;

GENR ALLENBOOTS5.=ALPHABOOT5+ALPHABOOT.-ROTBOOT,;

MSD ALLENBOOTS,;

ENDDOT;

?

DOT 7,

GENR ALLENBOOT6.=ALPHABOOT6+ALPHABOOT.-ROTBOOT,;

MSD ALLENBOOTG6.;

ENDDOT;

D. 2 The TSP coding for the HPD

OPTIONS MEMORY=2000;
FREQ A;

SMPL 1992 2011;

CONST NOBS 20;

5

TITLE 'VARIABLE DEFINITIONS';
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?1= WEST AFRICA

?2= EGYPT AND SUDAN
?3= CENTRAL ASIA
?4=INDO SUB CONTINENT
?5= AUSTRALIA

?6= USA

?7= REST OF WORLD

?

?

LOAD V1 Q1;

49220.676 31222.721
3203.665 1999.812

12441.52 6825.653
43984.03 22083.1

31943.134 16815.44
76006.262 43907.784
24990.415 14528.373
5834.673 3801.686
957.081 747.429
3538.164 2584.793
31980.018 31283.227

187098.571 135729.887
512497.925 308234.758
486232.866 390779.538
485175.149 369038.853
316374.088 229903.395
230105.856 136975.939
244927.036 180569.386
274397.898 155770.84

432888.218 169332.924

TREND TIME;
GENR P1=V1*1000/Q1;
PRINT V1 Q1 P1,;
?
?
LOAD V2 Q2;
8134.414 5715.152
192.541 65.007
53805.348 31430.991
77705.481 37829.54
37069.812 23564.476
20698.362 12720.21
1007.702  420.468
1521.454 2079.827
8170.971 4067.883
5208.626 2064.818
10536.189 5075.735
17966.101 9946.279
32148.306 15728.383
38931.879 21138.3
35574.274 14796.958
24329.122 10248.425
21509.433 8921.349
27260.42 11694.539
67051.801 23435.872
92233.659 20898.123

)
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GENR P2=V2*1000/Q2;
PRINT V2 Q2 P2;

b

LOAD V3 Q3;

3268.297 7115.957
1410.287 3014.025
92551.97 91064.938
128624.626 248387.476
92050.176 91746.716
198616.431 128578.079
54477.466 79122.662
18991.074 60397.398
24749.272 87675.716
10872.437 31181.393
24532.992 29111.368
191569.283 176805.807
358854.985 255980.876
417297.918 375245.709
556985.604 475324.941
332242.865 288243.834

305289.57 217317.578

202324.872

200611.577

757460.69 422422.593

559711.239

205069.017

GENR P3=V3*1000/Q3;
PRINT V3 Q3 P3;

?
?
LOAD V4 Q4;
27542.032
4366.697
9500.356
11164.696
77929.04
43866.273
13820.935
2467.94
11619.379
12221.04
444914
8680.425
82179.08
169950.406
784144.229
888925.674
983404.277
493507.073
1861357.617
2805763.442

18979.892
4961.42
10069.236
7827.255
46801.642
30371.373
14733.498
7837.772
28870.74
28911.601
1408.481
15178.48
60227.151
150651.244
637658.544
680155.12
643818.166
383274.98
968442.931
1110873.788

GENR P4=V4*1000/Q4;
PRINT V4 Q4 P4,

?
LOAD V5 Q5;

6450.296
2419.948

4289.597
1777.187



73786.576 40050.016
50570.192 23782.936
73611.056 39434.064
187835.648 101203.232
50900.728 30459.252
25688.45 17524.581
18021.072 13042.439
25245.626 21129.198
23575.571 19949.644
36335.257 24257.634
176852.555 102983.74
274992.503 202638.804
318402.552 227948.617
171702.084 117199.88
133691.173 77037.218
148794.408 102491.544
415792.229 204918.1
529687.275

1549105.63

GENR P5=V5*1000/Q5;
PRINT V5 Q5 P5;

?
LOAD V6 Q6;

273468.736 170574.464
1998.436 3803.288
551302.912 317836.896
964342.144 521284.768
803832.128 423381.504
725273.152 420764.544
195003.6 134663.088
26733.786 33246.815
58683.336 72500.555
50636.182 63796.205
92672.655 105175.531
666387.525 529455.53
1782180.804  1091630.801
1471545.67 1213250.332

2302777.003
1615187.655
1666913.921

891642.286
2016425.988
2979460.099

1747803.744
1154368.382
994313.98

681812.344
1035592.043
1014148.542

GENR P6=V6*1000/Q6;
PRINT V6 Q6 P6;

b

LOAD VWORLD QWORLD;

457584.96
25199.434
936139.776
1486725.76
1276438.016
1410343.168
381343.84
104825.974
137197.321
116608.617

326955.296
44775.296
615757.056
1003366.592
751459.648
848835.264
310285.728
163871.814
250906.032
197097.699
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199511.78
1218245.977
3242122.824
3246197.095
4974642.693
3579753.596
3564706.744
2211367.939
5846449.51

245061.35
1074961.058
2114129.012
2745287.768
3980021.554
2740434.396
2263696.391
1758926.167
3127633.895

9678595.164 3566339.643

GENR PWORLD=VWORLD*1000/QWORLD;
PRINT VWORLD QWORLD PWORLD;

"

GENR V7=VWORLD-V1-V2-V3-V4-V5-V6;
GENR Q7=QWORLD-Q1-Q2-Q3-Q4-Q5-Q6;
GENR P7=V7*1000/Q7;

PRINT V7 Q7 P7;

?

GENR VTOT=V1+V2+V3+V4+V5+V6+V7;
DOT 1-7;

NORMAL P.,2000,1;

ENDDOT;

PRINT P1-P7;

DOT 1-7;

GENR S.=V./VTOT,;
MSD S.;

SET SM.=@MEAN(2);
ENDDOT;

PRINT P1-P7;

GENR TOTALS=S1+S2+S3+S4+S5+S6+S7;
PRINT S1-S7 TOTALS;
?

LOAD DUM1993;
0100000000000
0000000;

LOAD DUMWTO;
000000000
111111111
11;

LOAD DUMWTO1;
0000000O00O0
011111111
11;

LOAD DUM2005;
0000000000000
1111111,

PRINT DUM1993 DUMWTO DUMWTO1 DUM2005;
?

SMPL 1992 2011;
DOT 1-6;
Y.=LOG(S.)-LOG(S7);
ENDDOT;

PRINT Y1-Y6;
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?
TITLE 'STONE PRICE INDEX WITH CURRENT "BUDGET SHARES;

GENR
PSTONE_CUR=EXP(S1*LOG(P1)+S2*LOG(P2)+S3*LOG(P3)+S3E(P4)+S5*LOG(P5)+S6*LOG(P6)+S7*
LOG(P7));

PRINT PSTONE_CUR;

DOT 1-7;

GENR LP.=LOG(P.);
ENDDOT;

PRINT LP1-LP7;

GENR LP=LOG(PSTONE_CURY);
PRINT LP;

GENR DUMWTO_TIME=DUMWTO1*TIME;

GENR DUM2005_TIME=DUMZ2005*TIME;
?

LOAD CONST;
1111111111
1111111111,

?All EXOGENOUS VARIABLES

MMAKE X CONST bUM1993 DUMWTO1 DUM2005 DUMWTO_TIME DW2005_TIME TIME LP1
LP2 LP3 LP4 LP5 LP6 LP7,;

MAT INVX=(X'X)"X";

MAT XINVX=X*INVX;

?ENDOGENOUS VARIABLES
MMAKE Z LP;

MAT MEANPI=INVX*Z;

MAT EHAT=Z-X*MEANPI;
PRINT EHAT;

MAT S=EHAT'EHAT,

PRINT S;

?SQUARE ROOT OF S

MAT EIGVAS=EIGVAL(S);

PRINT EIGVAS,;

MAT EIGVES=EIGVEC(S);

PRINT EIGVES;

MAT SQS=EIGVES*SQRT(DIAG(EIGVAS))*EIGVES";
PRINT SQS;

?

MAT M=IDENT(NOBS)-XINVX;

PRINT M;

?BOOTSTRAP AND 3SLS MAPPING
?

CONST NBOOQOT 1000;
CONST NCOEFF 21,
MFORM(TYPE=GENERAL,NROW=NBOOT,NCOL=NCOEFF) MCOEFF;
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DO I=1 TO NBOOT BY 1;

SMPL 1 NOBS;
RANDOM (UNIFORM) BOOTS;
GENR U=NOBS*BOOTS+1;
GENR INTU=INT(U);
GENR ESAMPB=0;
DO J=1 TO NOBS BY 1;

SET ORD=INTU(J);

SET ESAMPB(J)=EHAT(ORD);
ENDDO;
MMAKE ESAMPX ESAMPB;

SMPL 1992 2011;

MAT ESAMPXX=M*ESAMPX;

MAT OMBOOT=ESAMPXX'ESAMPXX;
MAT SIGSTA=S*OMBOOT"S;

MAT EIGVASIGSTA=EIGVAL(SIGSTA);
MAT EIGVESIGSTA=EIGVEC(SIGSTA);
MAT SQSIGSTA=EIGVESIGSTA*SQRT(DIAG(EIGVASIGSTA)EIGVESIGSTA';
MAT ESAMP=ESAMPX*SQS"SQSIGSTA,
MAT PIBOOT=MEANPI-INVX*ESAMP;
MAT ZBOOT=X*PIBOQOT;

UNMAKE ZBOOT LPBOOT,;

DOT 1-6;

FRML EQBOQT. Y.=CBOOT.+CBOOT.93*DUM1993+(CBOOT.WTO*DUMVDIL
+CBOOT.2005*DUM2005)+(CTBOOT.WTO*DUMWTI®
CTBOOT.2005*DUM2005)*TIME+CTBOOT.*TIME+
BBOOT.*(LP.-LPBOOT)-BBOOT7*(LP7-LPBOQT);

ENDDOT;

PARAM CBOOT193-CBOOT693;

PARAM CTBOOT1-CTBOOTE6;

PARAM CTBOOT1IWTO-CTBOOTEWTO;

PARAM CTBOOT12005 CTBOOT22005 CTBOOT32005 CTBOOT42005 CTBEEDOS
CTBOOT62005;

PARAM BBOOT1-BBOOT7;

PARAM CBOOT1-CBOOTE6;

PARAM CBOOT1IWTO-CBOOT6WTO,;

PARAM CBOOT12005 CBOOT22005 CBOOT32005 CBOOT42005 CBOOTSAEGOT62005;

s
SMPL 1992 2011;

DOT 1-6;

LSQ (NOPRINT,SILENT)EQBOOT.;;
ENDDOT;

s

LSQ(NOPRINT,MAXITW=50,MAXIT=1000,SILENT)EQBOOT1-EQBOT6;
?

MCOEFF[I,1]=BBOOT1-BBOOT2;
MCOEFF[I,2]=BBOOT1-BBOOTS3;
MCOEFF[I,3]=BBOOT1-BBOOT4;
MCOEFF[I,4]=BBOOT1-BBOOTS5;
MCOEFF[I,5]=BBOOT1-BBOOTS6;
MCOEFF[I,6]=BBOOT1-BBOOT7;
MCOEFF[I,7]=BBOOT2-BBOOTS3;
MCOEFF[I,8]=BBOOT2-BBOOT4;
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MCOEFF[I,9]=BBOOT2-BBOOTS5;

MCOEFF[I,10]=BBOOT2-BBOOT®6;
MCOEFF[I,11]=-BBOOT2-BBOOT7;
MCOEFF[I,12]=BBOOT3-BBOOT4;
MCOEFF[I,13]=BBOOT3-BBOOTS5;
MCOEFF[I,14]=-BBOOT3-BBOOT®6;
MCOEFF[I,15]=BBOOT3-BBOOT7;
MCOEFF[I,16]=BBOOT4-BBOOTS5;
MCOEFF[I,17]=BBOOT4-BBOOT®6;
MCOEFF[I,18]=BBOOT4-BBOOT7;
MCOEFF[I,19]=BBOOT5-BBOOT®6;
MCOEFF[I,20]=BBOOT5-BBOOT7;
MCOEFF[I,21]=BBOOT6-BBOOT7;

ENDDO;

FREQ NONE;

SMPL 1 NBOOT;

UNMAKE MCOEFF D1-D21,
MFORM(TYPE=GENERAL,NROW=1,NCOL=NCOEFF) FLAG;
MFORM(TYPE=GENERAL,NROW=1,NCOL=NCOEFF) HPDP;
MFORM(TYPE=GENERAL,NROW=1,NCOL=NCOEFF) MMIN;
MFORM(TYPE=GENERAL,NROW=1,NCOL=NCOEFF) MMAX;

DOT 1-21;

MSD D.;

SET DMIN.=@MIN;
SET DMAX.=@MAX;
ENDDOT;

MMIN[1,1]=DMIN1;
MMIN[1,2]=DMINZ2;
MMIN[1,3]=DMIN3;
MMIN[1,4]=DMIN4;
MMIN[1,5]=DMIN5;
MMIN[1,6]=DMINS;
MMIN[1,7]=DMIN7;
MMIN[1,8]=DMINS;
MMIN[1,9]=DMINO;
MMIN[1,10]=DMIN10;
MMIN[1,11]=DMIN11;
MMIN[1,12]=DMIN12;
MMIN[1,13]=DMIN13;
MMIN[1,14]=DMIN14;
MMIN[1,15]=DMIN15;
MMIN[1,16]=DMIN16;
MMIN[1,17]=DMIN17;
MMIN[1,18]=DMIN18;
MMIN[1,19]=DMIN19;
MMIN[1,20]=DMIN20;
MMIN[1,21]=DMIN21;

MMAX[1,1]=DMAX1;
MMAX[1,2]=DMAX2;
MMAX[1,3]=DMAX3;
MMAX[1,4]=DMAX4;
MMAX[1,5]=DMAXS5;
MMAX[1,6]=DMAXS6;
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MMAX[1,7]=DMAX7;

MMAX[1,8]=DMAXS;

MMAX[1,9]=DMAX9;

MMAX[1,10]=DMAX10;
MMAX[1,11]=DMAX11;
MMAX[1,12]=DMAX12;
MMAX[1,13]=DMAX13;
MMAX[1,14]=DMAX14;
MMAX[1,15]=DMAX15;
MMAX[1,16]=DMAX16;
MMAX[1,17]=DMAX17;
MMAX[1,18]=DMAX18;
MMAX[1,19]=DMAX19;
MMAX[1,20]=DMAX20;
MMAX[1,21]=DMAX21;

DO CR=1 TO NBOOT BY 1,
DO CC=1 TO NCOEFF BY 1;
IF MMIN[1,CC]<=0&MMAX[1,CC]>=0&MCOEFF[CR,CC]<=0;
THEN; FLAG[1,CC]=FLAG[1,CC]+1;
ENDDO;
ENDDO;

DO J=1 TO NCOEFF BY 1;
IF FLAG[1,J]<=(NBOOT/2);
THEN; HPDP[1,J]=((NBOOT-2*FLAG[1,J])/NBOOT);
ELSE; HPDP[1,J]=((2*FLAG[1,J]-NBOOT)/NBOOT);
ENDDO;

PRINT HPDP;

DOT 1,12,20,21,14,5;

SORT D,

ENDDOT;

MMAKE MSORT D1 D12 D20 D21 D14 D5;

DO J=1TO 6 BY 1;
PRINT MSORT[26,J];
PRINT MSORT[975,J];

ENDDO;
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