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ABSTRACT

Ito, S., Chen, D.T. and Peterson, E.W.F。 , 1990. Modeling international trade flows and

markct shares for agricultural commodities: a modified Arnlington procedure for rice.

ノ4gr′c. EcO′ ., 4: 315--333.

The Arnlington procedure(AP)has becOme increasingly popular in agricultural tradc

analyses. However,some arguments have arisen concerning the relevance of using the pro―

cedure for such analyses.This study exanlines the assumptions commonly made、 vhen using

the Armington procedurc and suggcsts lnodifications for agricultural trade analyses.Results

from models utilizing rice― trade data suggest that thc assumptions of the single constant

elasticity,in particular,Inay not be appropriate for analyzing agriculturaltrade.Thcse results

also suggcst that,with propcr rnodifications,the AP can be applied to agriculturaltrade.Fur―

ther,results of a modified Armington proccdurc indicate that trade in rice exports is highly

compctitive and that changes in market shares of individual exportcrs arc not indepcndent

of changes in budgct cxpenditure anOcated to imports.

Introduction

Severalresearchers have employed the procedure developed by Arlnington

(1969)for agricultural―trade inodelingo The procedure is designed to deter―

Πline trade flows explicitly.An early application of this procedure was that

of Grennes et al.(1973)in a study of world grain trade.Thompson(1981)

argued in his extensive research review that the Arnlington procedure(AP)

is a very pronlising approach for agricultural trade analyses, because it

allows estilnation of parameters re■ ecting the behavior of importers faced
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with an array of sirnilar products differentiated by origino Since then,the AP

has been widely used in studies of agricultural trade. I‐ Ionma and Hcady

(1984)(subSequently expressed as HI‐ I)developed a wheat―trade rnodel using

the Arlnington procedure. Two years later, Babula(1986)used the pro―

cedure in a study of world wheat,corn,and cotton markets;Figueroa and

Webb(1986)(subSequently FW)alsO employed it for their wheat― and corn―

TABLE l

Description of first― and second‐ stage equations in three previous empirical studies applying

the Armington procedure

Honma一 Heady     Babula
(1984) (1986)

Figueroa― Webb
(1986)

lst‐stage estimation

Dependent         Total imports      Total imports      Total imports
variable            (per capita)

Inclusion of

domestic production

as explanatory

variable         Yes            No            Yes

Other independent   Wheat price        Wheat price        Wheat price
variables            Corn price          Corn price          Corn price

lnCOme           GDP              GNP
Ending stocks      Oil price          CPI
Government impOrts Lag dependent    pummy variables
Dummy variables    variables

2nd―stage estimation

Time―series(T‐ S)/

Cross‐ sectional(C― S)T―S With suR      T‐ S             C―S with T‐ S

Dependent variable  ク″           ク′           α′/Of
PHce vanaЫc   P」 Pi      Pry/烏       Pry/鳥
Other independent   Tilne trend         Total imports       lntercept dunllnies
variables            Dummy variables    Time trend

Ship service supply

Oil price index

# of importers     10               6                8

#of exporters     5            UoS.A.&ROW    6

SUR implies seenlingly unrelated regression.

ROW implies rest of the world.
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trade analyses. The three studies cited are all based on tilne― series data.

However,their inodel specifications and empirical results are quite different

from one study to another(Table l)。

There are some important lnodeling lilnitations involved in the use of the

AP for agricultural trade analyses.Domestic production is often an impor―

tant deternlinant of trade ■ows in agriculture because governments fre―

quently introduce policy measures that have the effect of protecting the

market share of domestic producers. In the original AP, this aspect of

agricultural trade is not specifically included, although it is conceptually

possible to include domestic production as a source of supply in the second

stage.Another lilnitation is the assumption of a single constant elasticity of

substitution(cES),a maiOr aSSumption in the AP,which may not be ac―
curate for agricultural― trade analyses(ThompSOn,1981)。 Further,shares of

individual exporters may not be homothetic, and the preferences of irn―
porters for products originating from different suppliers may be a critical

factor for detё rmining market shares(Winters,1984;Ito et al.,1988;Alston

et al。 , 1989).

In this paper,the applicability of the AP for agricultural trade analyses

is reviewed,and specification problems for inodeling agricultural trade are

discussed.Finally,the adequacy of the original assumptions of the second

stage in the AP are tested for a specific example of agricultural trade

employing an alternative approach that retains the basic concept of the AP.

Evaluation of the Arnington procedure for agricultural trade studies

Arlnington attempts to differentiate products from different suppliers in

a lnarket.Hc employs atwo― step procedure,assunling that at the first stage,

a`buyer'decides on the total volume to purchase,and at the second― stage,

a1locates portions of the total volume to individual suppliers in order to

rninilnize the costs. For the first‐ stage equation,he specifies the total dc‐

mand for both foreign and domestic products as the dependent variable.

Assuming that a`buyer'maximizes utility,仏 subject to available income,

the problem is to:

Maxび =Щ ol,o2,・ …,24)
subject to

y=Σブ0′ Pノ                                    (1)
where cプ is the ih good or market consisting of a group of products,PF iS

a price index for theた h market,and ン
″
is income.Forlning a Lagrangean

equation and solving the first― order conditions,a NIlarshallian demand func―

tion for cみ can be derived:
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2′ =/(y,Pl,P2,・ ・・,P′)               (2)
For the sccond―stage equation,Armington makestwo maior assumptions:

(1)the elasticity of substitution is constant regardless of the share of a pro―
duct;(2)there iS a single elasticity of substitution between any pair of pro―

ducts in the group.Thetwo assumptions,which are together regarded as the

`single cES aSSumption,'allow us to reduce the number of coefficients to be

estirnated and lnake the estilnation process easier.Under these assumptions,

Armington speciies the generalized cES fOrm for 2ノ :

0′ =(弓 わヴαヴ
~0)~1/Q′

KJi=1,2,_。 ,″ ) (3)

席r:′記7月点藷穐『器瞥t盤乳ll懲 r滞1:t繋 1;lT紺鷺
derives a cES demand function for σ」:1

α〃=bヴ
qoi(P′

/P′)~の (4)

躙 き鮮娩ll計マ凛WL∫蝋里‰
(棋:器鳳肌職鳳

equation,both sides are divided by O′ .

σ″/0′ =bヴ
σ′
(Pヴ /P′ )~σ

′                            (5)
Arnlington(1969)originally developed the procedure to analyze trade in

products such as chenlicals under an assumption that there are no maior

trade restrictions. In his example,twenty suppliers of chenlicals including

the domestic suppliers sell in a market with no mttor barriers to imported

products. In other words,the`buyer'or the importing country only con―

siders relative prices among the products from different suppliers. This

restriction on the importer's behavior with respect to imported products

leads to some technical problems in applying the AP for agricultural trade

analyses.

First, for Arlnington's first― stage equation, several problems specific to

agricultural trade need to be addressed.For chenlical products,which Arlln―

ington used as an example,trade restrictions are generally`technical'with

some cases of tariffs,and import quotas on chernical products are very few

(1」 .S.Trade Representative,1987,and telephone conversation with person―

nel in the Chemical D市 ision,June 1988).Armington(1969)assumes that
`ilnport demands are not residual demands depending upon domestic supply

functions'(p.163).ThiSiS the reason why Arinington constructed a demand

l Sec Armington(1969,pp.172-173)for the det江 lcd mathematical derivation of equation

(4).
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function for all chernical products including both domestic and imported

products in the first stage(seC Armington,1969,pp。 161-16o。

In agriculture,however,the trade situation is different.Agricultural trade

is often controlled by governments in an effort to stabilize domestic prices,

reduce dependency on foreign products, reduce foreign debts, or protect

domestic producers.2 1n a WOrld ofthis nature,trade ought to be considered

a residual which contradicts Arnlington's original assumption lnentioned in

the preceding paragraph.This assumption is reasonable only if free trade

obtains in the importing country. This condition is not found in most

agricultural rnarkets,particularly if the government sets the quantity of iln―

ports allowed with import quotas. Therefore, an approach that does not

recognize the residual nature of agricultural trade rnay not be appropriate.

To incorporate the residual nature of agricultural trade, HI‐ I and FW
specified a totalimport demand equation with domestic production as an ex―

planatory variable in their first― stage equations(See Table l)。

The second problem of the Arnlington procedure for agricultural trade

analyses is the specification of the second―stage equation.For example,us―

ing the double-log forrn and linearizing equation(4),a quantity― dependent

equation,gives the fonOwing:

ln(9ヴ)=σノlnわヴ+ln(2,一 σ′lnP、■/P, (6)

:鮮 i翼誠 ム 絆 詳 胤 猛 Ll滉驚
i∬
1離 亀 離棚『 認 ボ I志肥 ∬ 露

the single cESo HOWever,the total volume of imports can fluctuate due to

variation of the importer's domestic production even if world prices remain

at the same level.Accordingly,the■ uctuation of import volume may not

be cxplained by relative prices alone.3

EInploying equation(5),on the Other hand,the problem above may be
avoided.The dependent variable of the equation is expressed in the form of

a market share. Using the double-log fornl, the equation is expressed as

2 There is an allnost unlimited number of publications rcgarding protection of domcstic

agriculture and trade policies.For cxample,scc Yeats(1979),Bredahl et al.(1979),JohnsOn

ct al.(1985),McCana and」Osling(1985)and Peterson(1985).
3 Hickman and Lau(1973)deve10ped an Armington speciication using Taylor's series ex―

panslon:

σ″=わ:2,一 ■9:(Ply―
Pり

,

撫ま椰 慰 構 掃
:幡T騰:顎二肥躙を蓄鷲臨儒
l it may be possible that the Hickman― Lau

specification causes the same kind of problem as equation(6).
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follows:

ln(%/2プ )=%ln b〃 ― %ln(Pヴ/烏 )

This specification avoids the problenl of variations in import quantities aris―

ing fronl a fluctuation of an importer's domestic production.Although total

ilnports iuctuate,itis not unreasonable to assume that the share of each ex―

porter would not change unless relative prices change among the imported

products. Thus, a market― share―dependent equation for the second stage
should be preferable to the quantity― dependent equation.HH4 and Babula5
used the quantity― dependent equation and found lnostly insignificant coeffi―

cients for their price variables,while FW used the lnarket― share―dependent
equation and found the estilnated coefficients generally significant(Table

2).If the data for the analysis are solely cross― sectional(With no tilne― series

data),there should not be much difference between the results from using

either a quantity― dependent or a lnarket‐ share―dependent specification.It is

interesting to note the wide range of estilnated elasticities of substitution for

individual regions reported in Table 2.The great variation in these estilnates

suggests that the results in analyses of agricultural lnarkets may be highly

sensitive to the specification chosen.

The third problem concerns the utilization of tilne― series data for the

second― stage Arnlington equationo Arnlington's original specification is

derived for applications to cross― sectional data.Because the number of ex―
porters of a specific agricultural colninodity is generally small,and because

data availability for each exporter is also lirnited,there rnay not be enough

observations in the cross‐ sectional data.Furthermore,the use of tilne― series

data allows inferences to be drawn concerning the reasons for changes in

trade flows and market shares which occur over tilnc.Cross― sectional data
are useful in analyzing differences between countries but cannot capture

temporal changes.Hickman and Lau(1973)emp10yed Taylor's series expan―

sion and used the AP for cross― sectional tilne―series analyses.In their study,

they pooled data for each importer and estillnated Arlnington's single cES

for each importing region using trade― flow data over tillne.FW pooled cross‐

sectional and tilne¨ series data and employed dunllny variables to adiuSt in_

tercepts for individual exporters.6 By p001ing data,it is technically possible

to increase the number of observations. However, duc to competition
among the individual exporters who ailn to expand their sharesin an impor―

4 HH employed the specification developed by Hickman and Lau.

5 Babula in particular used the volume of total imports as an explanatory variable in the

second― stage based on the specification of equation(4).
6 More recently,Hanlotis and Ames(1988)used the sanle technique for a study on soybean

exports to the EC.

(7)
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TABLE 2

Estimated single cES fOr Wheat in individual irnporting regions deternlined by three previous

studies

Honma― Hcady(1984) Babula(1986) Figueroa― Webb(1986)

EC‐ 6

EC-3

Japan

RODCa

NICC

OPEC

ROLDSd

China

U.S.S.R.

E.Europe

-0.7538

(2.48)

-0.4768

(6.01)

-0.6075

(2.78)

-2.1214

(4.17)

-0.3163

(3.15)

EC‐ 10

Brazil

Japan

S.Amerlcab

N. Africa

ROWd

-3.43

(0.69)

-4.13

(0.70)

-1.13

(0.83)

-0。 16

(0.10)

-8.08

(1.79)

-2.17

(1.25)

-4.36

(4.37)

EC      -0.46
(1.33)

Egypt

」apan      -1.75

(2.26)

S.Korea   -7.68
(5.92)

Taiwan   -8.74
(2.37)

U.S.S.R. -0.374
(0.30)

Mexico    -6.63

(1.93)

China     -4.06
(3.78)

( )=r‐Vahes.
一 indicates no estilnated price coefficient reported.
a RODC:Switzerland,Portugal,and lsrael.
b Excluding Brazil.

C NIC:Brazil,Mexico,and S.Korea.
dROW,the rest of the world.

e ROLDS:India,Pakistan,Egypt,Morocco,Peru,and the Philippines.

ting region,it is likely that bchaviors of the exporters are not rnutually in―

dependent. Accordingly, the error terms among equations estilnated
separately using ordinary least squares(oLS)analysis for individual sup―

pliers inay be correlatedo ln such cases,data cannot be pooled and used to

estilnate a single equation. In addition, it is appropriate to estilnate the

single coefficient out of the pooled data ο″″√the estillnated coefficients in

the separate cquations are the`same'(Kmenta, 1971,p.518)。 Estilnated
coefficicnts using pooled data may then be inefficient. To solve this pro―
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blern,it is necessary to employ the seclningly unrelated regressions(suR)

originany deve10ped by Zellner(1963)。 7

Fourth,some writers have criticized the single cES aSSumption(BranSOn,

1972;and Thompson,1981).ThOmpson(1981,p.44)noteS that`there seerns
to be a logicalinconsistency between assunling a commodity is differentiated

by country of origin and then assulning the same parameters。 'None ofthe
previous trade studies cited above(HH,Babula,or FW)tested whether or

not imposing the assumption of a single cES waS appropriate for the
markets they analyzed.

Finally, the AP retains an assumption of homotheticity,which implies

that export shares ofindividual suppliers are independent of the overa1llevel

of budget a1located to the imports in a specific importing region.Winters

(1984)tested hOmotheticity using trade data for inanufactured goods only.
Alston et al.(1989), using cotton‐  and wheat― trade data, also tested the

homotheticity assumption. Both Winters and Alston et alo applied the
almost ideal demand system(AIDS)model and reiected a hypothesis of
homotheticityo lto et al.(1988)found that different importers have distinct

preferences for rice from different sources so that shares varied as budget

allocated to imported rice changedo Accordingly,it is important to test the

homotheticity condition in an analysis of particular agricultural llnarkets.

A modified approach for applying the Arnlinglom procedure to

agricultural trade

To solve the problems described above,an alternative rnethod of applying

the Arrnington procedure for agricultural trade is proposed. First, the
dependent variable in Arnlington's first― stage equation is the total demand

including products frorn both domestic and foreign suppliers.Before rnov―

ing the second stage,it is necessary to incorporate the residual nature of

agricultural ilnports in agricultural tradeo Thus,another equation is inserted

in order to explain the total′ ″ροrr del■and,and it is specified as the follow―

ing identity:

0′
*=Dブ +島 一Sノ ーイら_1 (8)

where O′ *total import demand,Dノ domestic demand,「
I・

ending stocks,

and S′ domestic production.Variables」,,正みand S have to be estillnated in―

dividually in stochastic structural equations, because they must be con―

7 HH specified a single tirne‐
series equation for each of five suppliers to an impOrter and us―

ed SUR.In their inodel,they restricted the coefficient of the pHce variable in each equation

to be identical.This was done because of Arnlington's single‐ cES assumptiOn.
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sidered endogenous.8 This specification avoids the problem of accounting

for the influence of domestic production on imports in a stochastic equa―

tion.

Regarding Arlnington's second― stage equation(or trade_flow equation),

in particular,it can be concluded from the results of previous studies that

market― share― dependent specifications tend to generate more statistically

significant results than quantity― dependent specifications.This is exalnined

empirically below for the case of rice.

Equation(7)includes the single cES aSSumption(only One cES fOr the en―

tire market shared by all′π suppliers)and the homotheticity assumption(no
independent variable representing budget expenditure to explain the inarket

share).In order to develop a multi― cES and nonhomothetic demand func―

鵠 ″鰍 k器 撃:littT糧縫 1111:Lttit嵐篇 鳥畷 :=iFirm:L
fronl individual exporting nations, and that these perceived differences

cause them to treat products from individual exporters differently.Let these

剛灘薔:寵鷺I譜胤箕慧l駄■導駐∬∫器譜:l罵∬轟:‖育ソょ
棚:』胤謂χttle胤:i棚Rれ器えT諾精i器:懲

rT潔

冨留ご
i:鼻

ittT]i:ご哺(翼FlTttti:βりちr∬醤::』ittt露黒1ll(ζ ,

0ノ =Obわヴカヴ
~Qり ~1/Q′                  (9)

This a1lows the same derivation procedure to be fonowed as in the original

approach,and euqation(4)can be rewritten as:

力〃=わが
ら
0′ (P」/烏)の                    (10)

Replacing力″by αノ′,Equation(10)WOuld be:

α」
γ′=bヴ%ο′(Pヴ/Pり

~q                    (11)

To specify the demand function as a market― share―dependent equation,
move the exponent γヴto the right― hand side and divide both sides by(2ブ :

%/Qブ =b″
%/γ′
0ゴ
(1/γケ
~1)(P″
/烏)の

/γJ             (12)

8 This specification is a part of thc nonspatial price equilibrium procedure according to

Thompson's terrninology(ThOmpsOn,1981).In developing a world model,this procedure
has bccn、videly employed(Devadoss ct al., 1986; Mcycrs et al., 1986).
9 1n the original Armington procedure,it is essentiany assumed that 

γry = l for vノ・
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1n this equation,the rnarket share is a function of total demand,cノ ,and the

慧鷲 」糧 恵 i;t'f霊:::It比ほ
『 :配 1ふ1:1竃 ∬ TTII:I::盟

is inferior,that product's inarket share inay decrease despite its low price,

as buyers allocate rnore to the budget for a better class of products.It is also

possible that the share of the low― quality product inay increasc because of

its low price,if a buyer needs to purchase the same amount ofthe good with

a reduced budget.Therefore,it is important to introduce a variable for the

budget a1located to the good consisting ofindividual products in the rnarket.

Once a budget,ろ ,fOr the products in the ih market is determined,actual
expenditure can be less than or equal to this budget allocation. ′■

プis the

amount actually spent on good′ (P′ times c♪ ,Where μブis a factor that
anOws less than the total budget a1location to be spent.If the budget is fully

spent,μ Jis equalto l;otherwise,it is smaller than l,i.e.0く μJ菫≦1.Accor―

dingly,the relationship between tt and Oノ iS expressed as follows:

0′ =ググ島  0<綺 ≦1                 (13)
Replacing 2ノ On the right― hand side in equation(12)with ttμ′/PJin equa―
tion(13)resultS in:

%/OF=わク
の/γ′(プJ/P,(1/γ′

~1)(助
/P,σ /γ〃

(14)

=bヴ%々″ィ憚/γ〃1)殉
~σ
/γケ(1/烏メ

~の/γ″十′/γ′―り

To simplify,equation(14)is reWritten:

%/0′ =b〃
αケイ′Pヴψケ(1/P'ω′

where

Using the double-log form and adding a subscript for the
analysis,cquation(15)can be rewritten:

]欄職L撚樹繭脚擁磐1革血聾
胤島.琴罵1北 lil臨1獣l常 :れよ::ふ般t:象肥覧:器星糀

(15)

tin■ e―series
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equation(16)respeCified as:

ln(αヴ/0ブ)t=α″In bヴ +θ″ln(ろ)t+σ″ln(P″/Pilt

Further,吟 is filtered by a price index,P*,to avoid money illusion;0′ is

replaced by`2ノ *inCOrporating equation(8);and equation(17)is reWritten:

ln(α
J/2′
*)t=a″ ln b″ +βがln(ろ/P*)t+σ〃lnP /ヽPF)t (18)

Equation(18)has tO be specified for all suppliers to the'th lnarket;〔 ノ=
1,2,...,″ Z〕・BeCause equation(18)is expressed in the double-log forrn,the

l電[:鷲F蹴鼎f:l語ifi常ざ驚乳II鳥嚢∫緊脳:ゝ農:Ttti鷲
sign.Accordingly,the number of estilnated cES is′π,the number of sup―
pliers。

こ鷲急'ぶ肥驚ll離1ll:鴇I槻‖∬fitty♀l殿1需ξt器:
鵠i脱礎鷺:tよ驚器写綿思:鷲辮馳』:ドTttLI:∬鳳lぶ
1皿灘lぶ駕F∬:電;』撃

tttr瀧
ぶよ∫1路∬xC腱輝FWI:

器柵t乱胤器撒
'l農

軍二∬驚壺胎蔦[晏業that rnarket share of theJith supplier i

たh market(or importing region)increases.This can also be interpreted to

mean thatthe importing region tends to consume inore ofthe products from

the Jith country at the expense of other suppliers' shares as the a1located

budget to imports increases.The larger the absolute value of β,the mOre
elastic the preference for the products in the importing region.

The analysis is for allthe suppliers to a particular rnarket in which the sup―

pliers are competing with one another and behavior for a specific supplier

is″οrindependent ofthe behaviors for other suppliers in the rnarket.Accor―

dingly,the demand equations for allindividual products frolln different sup―

pliers have to be estiinated silnultaneously in a system. 
′
「
he secΠlingly

unrelated regression analysis originally developed by Zeuner is appropriate.

Finally, it is necessary to test whether or not the multi― cES and
nonhomothetic approach is superior to the original AP.The systern of equa―

tions in the original Arnlington single― cES and homotheticity assumptions

with inarket― share―dependent specification expressed in equation(7)(Model

H)WaS COmpared with a model with multi― cES and nonhomotheticity
assumptions as specified in equation(18)(Ⅳ lodel IH)。 ThiS iS tO jointly test

whether or not a specification based on the rnulti―cES and nonhomotheticity

assumptions is statistically superior to a specification based on the single―

CES and homotheticity assumptions.A test of a set of linear restrictions was

(17)
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performed using F― statistics(Judge ct al。 , 1982, pp. 326-328; 1985, pp.
472--477).For a detailed description of the test procedure,sce Appendix A.

Data

Tradc― flow data on rice were conected from the Cο ″″0グJ″ rrαグθ

S′α′お″6(United Nations)for 25 ycars,from 1962 to 1986,based on calen―

dar years.Imports by an individual country not only varied but were often

zero in certain years, making econometric analysis more difficult. As a

result, all the importing countries and regions were aggregated into one

region.Exporters were categorized into seven regions:Thailand,the U.S.A.,

Argentina,Australia,Burma,Italy,and Pakistan.10 Exporters that did not

report their data to the United Nations were excluded.1l U.S.government

shipment data were collected from FATUS(U.S.Department of Agricul―
ture)。 Shipments by the U.S.government under concessional government―

financed programs such as P.L.480,foreign donations(SeCtiOn 416),and
AID Inutual security programs were excluded, because actual prices for

these types of shipments deviate considerably frorn inarket prices.Data for

budgets a1located to imports are not available;therefore,吟 was apprOx―

ilnated by total expenditure for imports ofthe products from individual sup―

pliers.The consumer price index in the UoS.was employed as price index

P*,becaueろ Was expressed in UoS.dollars.
The prices used in this analysis are expressed in U.S. dollars and were

calculated as the total valuc of exports divided by the total quantity exported

fronl cach exporting country.If the analysis were based on lnultiple impor―

ting regions,it would be preferable to use the landed prices of rice imported

from the different exporting countries.Import prices would differ from the

export prices used in this study by the amount ofthe total costs oftranspor―

ting rice between the two regions.For this study,however,the various im―

porting regions have been aggregated into one region so that specific

bilateral transportation costs cannot be included.Ⅳ lore ilnportantly,the dif―

諸:∬ Fゝ∬酬器:Yfi鏃籠f:燎出よ鷺M、各肥1群
瀾[1:淵1識sttL∬afTyld:麻Ъ鯖響

il胤
上∬1。1lr露

::l[著:ti蔦_p°
rt to the world as a whole is the price at which it exports the

10 To avoid thc singularity problem in the suR, an equation for Argentina, which is thc

smancst rice exporter among the seven nations, is deleted.
1l The People's Rcpublic of China,a major rice exporter,is excluded because of this pro―

blem.
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1t should be emphasized that data related to internationaltrade in rice,as

wcll as other commodities,are frequently unreliable.Moreover,data series

that actually measure the variables of interest are often unavailable.Thesc

kinds of data problems lnean that caution should be exercised in the inter¨

pretation of statistical results derived from quantitative rnodels of interna―

tional trade.Although some data problems were encountered in conducting

this study,we feelthat the statistical results are sufficiently robust to suppOrt

the conclusions drawn。

Empirical Results

ln this section, the results of testing the specification of original and

modified Arlnington's second― stage equations are reported. First, the

relevance of using pooled data under the single cES aSSumption was tested

by running a regression for equations with market share as the dependent

variable.Serious correlations were observcd when testing correlation coeffi―

cients among the error terms generated from ordinary least― square(oLS)

equations for individual exporters,In addition,the estirnated price coeffi―

cients were not the same but were statistically different fronl onc another in

the equations for individual exporters。 12 TheSe results suggest that the coef―

ficients estilnated by procedures such as pooling data or using oLS are inef―

ficient.

Second, quantity―dependent and market― share‐ dependent equations

under Arnlington's single‐ CES assumption were compared. The quantity―

dependent equation is the double-log forln fronl equation(6)―  (ModelI);
and the rnarket share equation is the double-log llnodel fronl equation(7)一

(ヽ10del II)。 The results are reported in Table 3.There is no forllnal statistical

test to decide superiority between the two spccifications because the depen―

dent variables are not identical.However,judging from the estimated R―

square in each equation in both models,it appears that the rnarket― share―

dependent specification in Model II is superior to the other.The R― squares

in NIIodel II generally are greater than those in NIIodel I,while two ofthe R―

squares in NIIodel l are negative。 13

Third,the appropriateness of the single― cES and homotheticity assump―

tions is tested. The results above indicate that a market‐ share― dependent

specification appears to be superior to the quantity―dependent specification.

Therefore, the system of equations in Model II, the original Arnlington

12 Results of the estilnated oLS equations can be obtained fron■ the authors.
13 The negative R‐ squares in Model l may be due to the restriction that price coefficients be

identical for an suppliers,in addition to using quantity― (instead Of rnarket‐ share― )dependent
specification using suR.
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TABLE 3

Comparison of different speciications among original and rnodified Arnlington proceduresa

Method      Original
Armington procedure

Assumption   Single― cES
and
homotheticity

Modified
AFmingtOn procedure

Multi‐ cES
and
nonhomotheticity

Model
dependent
variable

Model I

Quantitiy

Model H
Market‐ share

Model HI

Market― share

ρ
νR2R2―σ′R2 ―

η
一σ
′

Country

Thailand

U.S.A.

Australia

Burma

ltaly

Pakistan

0.282  -1.683   0.210

(0.126)

0.396  -1.683   0.553

(0.126)

0.315  -1.683   0.546

(0.126)

-0.067 -1.683  0.182
(0。 126)

-0.342  -1.683   0.058

(0.126)

0.473  -1.683   0.624

(0.126)

-1.689   0.264

(0.lH)

-1.689   0.555

(0.lH)

-1.689   0.576

(0.lH)

-1.689  0.444

(0.lH)

-1.689  0.197

(0.lH)

-1.689   0.724

(0.lH)

-1.586  -0.100
(0.320)   (0.094)

-1.519    0.082

(0.304)    (0.145)

-1.851    0.122

(0.340)   (0.185)

-0.984  -1.291
(0.489)   (0.386)

-1.284     0.388

(0.288)   (0.261)

-1.726     0.546

(0.301)   (0.229)

a The seenlingly unrelated regression(sUR)iS uSed in each model. Standard errors are in

parentheses.

single―cES and homotheticity assumptions with market― share― dependent

specification, was compared with that of Model III, multi‐ cES and
nonhomotheticity assumptions based on equation(18).Both equations are

specified with market― share‐dependent variables.The F‐test based on Ap―
pendix equation l牡 2)resulted in an estirnated F― valuc equal to 3.451.This

F value is greater than 2.18,which is the critical valuc at the 10/o significance

level for degrees of freedom of νl=12 andソ2=121-∞ (Table 4).Ac―
cordingly,  Arrnington's  original  specification  with  single¨ cES  and
homotheticity is statistically reiected at the lりo significance level.This in―

dicates that the system of equations in Model III is statistically superior to
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TABLE 4

Results of hypothesis tcsting for Arnlington's original assumptions
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Model II     Model HI
31.966        24.333        12         132        3.451         2.18
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cients,while the others had positive coefficients.This lnay reiect the fact

that rice from Thailand and Burma is generally considered to be inferior to

rice from other exporters.On the other hand,the coefficient for Pakistan

is the largest,and it is positiveo Rice from Pakistan is inainly aromatic rice

called`basmati',and is lnore expensive than rice froFn the Other exporters.

These results strongly suggest that rice importers are selective among the

products from different suppliers as they change their budgets a1located to

irnported rice.

Conclusions

The Arnlington procedure is beconling more popular for agricultural

trade analyses.In this paper,Arnlington's original procedure and three re―

cent empirical studies using the procedure for agricultural trade were

evaluated.The relevance of Arnlington's assumptions was exarnined,and a

modified approach was proposed for agricultural trade analyses.

The results of this rescarch suggest that direct application of the procedure

for agriculturaltrade analyses lnay not be appropriateo The empirical results

show that the assumption of the single― cES is not consistent with the data

for world rice markets. In addition, homotheticity is not an appropriate

assumption for this lnarket.The results of this research are basically consis―

tent with those found by Winters(1982)and Alston et al.(1989).HoWever,
these results do not necessarily imply that Arnlington's basic concept should

be totally reiected.Rather,the Armington procedure can be a powerful
method to analyze agricultural trade,if it is properly modified.

The alternative method proposed includes the following modifications:(1)

replace Arnlington's first demand equation with a total import demand

equation estilnated by an identity derived frorn a structural inodel in order

to account for the influence of domestic production on imports;(2)estilnate

the second― stage cquation using market share instead of quantity as the

dependent variable to evaluate the effects of changes in relative prices and

expenditures for quantities imported; and(3)test the assumptions of the

single―cES and homotheticity and adjust the specification of the model if

the assumptions are reieCted.

For this study,the first― stage lnodel was not estilnated.On the basis of

the rnodified second―stage equations,some interesting empirical results were

obtained. In particular, it appears that importers are quite sensitive to

relative prices.This result is consistent with the fact that the world lnarket

for rice is quite small relative to total rice production(Barker et al。 ,1985).
Importers in this thin inarket can choosc among several current suppliers as

well as potential exporters such as lndia and China. In choosing among

alternative suppliers,the results of this analysis indicate that importers con―
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sider relative prices and the quality of the rice being imported.This observa―

tion is consistent with the results of studies by lto et al。 (1988).Overan,the
approach suggested in this paper appears to be conceptually sound and

useful in obtaining important empirical results.

Acknowledgement

The author would like to acknowledgc helpful cornlnents of Oral Capps,

Jr.in the development of this paper.Conllnents fronl anonymous reviewers

of the Journal were important in improving the article further.

This research was jointly funded through an Expanded Research project

of Texas Agricultural Experirnent Station and a C00perative Agreement
with CED/ERS/USDA(ProjeCt No.58-3AEK… 8-00019).

Appendix A

И′
“
′
`プ
s″ρθrノοr′″ bα wθθ4′ Wο sが rθ

“
s

To deterrnine superiority of one system model to another,an F― test can

be appliё d(Judge et al., 1982,pp.326-328; 1985,pp.472-477). In thiS
research,two system models,with and without restrictions,are compared.

The set of restrictions are expressed by:

RB― r=0                  (Al)

where R and r are known l■ atrices of dimensions(J×  K)and(J×  1),
respectively.The hypothesis is:

HO:RB― r=0
Ha:RB― r≠ 0

1f Ho is reieCted,it is concluded that restrictions under the assumption of

single―cES and homotheticity are inappropriate.The systelln of equations in

NIIodel II is such that restrictions on price coefficients(the single― cES
estilnate)and budged coefficients(the COefficients being equal to O under

homotheticity)are imposed.On the other hand,the ModelIH systenl has no

restrictions.

An F test to deternline superiority of one I■ odel to another with respect

to restrictions is expressed as follows:

X=И/Bν7_κ ～F∴ ν7-κ (A2)
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where

И」=〔(y一 X3*)′ (Σ
-1× I)(y― X3*)

一(y― X3)′ (Σ -1× I)(y一 X3)〕 /J

and

BM7_κ =(y― X3)′ (Σ -1 ×I)(y― X3)/υИr_Ю
3*represents estilnated copefficients under restrictions,and O represents the

estilnated coefficients under no restrictions;E is the covariance rnatrix,J is

a number of restrictions,ハイis a number of equations in each systeⅡl,κ is

a number of explanatory variables including the intercepts in the system with

no restricitons,and r is the number of observations in each equation。
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