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Abstract

We introduce new definition, and estimation proceduof the trade
benefit function, which allow researchers to geteeestimable imports
share functions. The method is an extension ofghent work of Chau
and Fare. However, it is more general in permitting estimation of
import share systems, which are explicit in an weoable variable but
may lack a closed form representation in termshsieovable variables.
Applying this method with an appropriate estimdtothe Japanese data,
we find that the proposed method is operationasible. This opens
up a further avenue for ultimately obtaining systeshimport demand
equations which are simultaneously more flexiblé agular than those
currently employed in applied demand analyses.
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An Empirical Investigation of the Trade Benefit Etion

1. Introduction

In an earlier paper, Chau and Fare (2011) advocatewbre general use of trade
benefit functions as an alternative representadiotrade preferences. They showed
that this function is dual to the standard tradpeexiture function, allowing for a
direct retrieval of the shadow price functionsraports from this function. Despite its
obvious potential for policy applications, the tdoenefit function has been virtually
ignored in empirical work solely because the detiwshadow price functions of
imports are defined in terms of the level of unabable utility.

This paper constitutes the first attempt to brittgeegap between the pure theory
of trade benefit functions and its empirical impetation. In particular, it has two
objectives: (a) to theoretically redefine the trdmnefit function, which facilitates
empirical analysis of trade preferences; (b) toothice new estimation procedures of
the Hicksian import share functions.

While the trade benefit function can directly yielicksian import share
functions, they are usually explicit in the unolvsdale utility, but lack a closed-form
representation in terms of the observable varialilae aforesaid problem, however,
need not hinder estimation. A simple one-dimengionamerical inversion allows
estimation of the parameters of any trade benefittion via the parameters of the
implied Marshallian import share equations. Theammer of this paper introduces a
new specification of the trade benefit functiond aeports on an initial trial on the
operational feasibility of the proposed method.

The remainder of the paper is organized as folloB8ection 2 develops the
theoretical foundations formally. Section 3 introds a new specification for the trade
benefit function. Descriptions of the data, estioratmethod and a summary of the

empirical findings are provided in Section 4. Lgstbection 5 recapitulates and
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concludes.
2. Analytical Framework
Let x be an N1-vector of consumption googsan N1-vector of net outputs, an
N2-vector of input endowments, andhe level of utility. Consider a small and open
economy with perfect price flexibility and factorofmlity across sectors. This
economy is assumed to have a production possilsétf” which is the set of net
output vectorsy that are technically feasible given the endowmesttorv. The
preferences of this economy are assumed to besesgesl by a social utility function
u = U(x) which is real, quasi-concave, and increasing in

Denote bym ande the N1 dimensional vectors of imported and exmgbgeods
respectively, andy the N1-vector of reference bundle of the importteem. The

: - L , 1
direct trade utility function is defined as:

UT(m, e V) = Max {UX)stm=e+x-y,(v,y) eI}, (1)

X,y
which inherits the regularity conditiorRUT; i.e., UT is real, non-decreasing im(
V), non-increasing i, and quasi-concave im( e, v). Following Luenberger (1992)

and Chau and Fare (2011), define the trade benefition as:

B(m, e, v,u)=Max [b >0s.tU" th-bg .e,v)> u} : (2)

which measures the market access adjustments edgiairmaintain a given level of

' See Meade (1952).

? In Chau and Féare (2011), B(.) is representedrimgeof the net import vectom(e), implying that
commonly used flexible functional forms such as Tmanslog could not be employed for empirical
application. For instance, it is infeasible to sfyethe trade benefit function in terms of Transkigce
the logarithm of if1-e) may be undefined whem{e) is non-positive. Accordingly, the trade benefit

function has to be redefined as in (1), which fadiés the econometric analysis of this function.
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utility in terms of import contraction or expansiam the directiong.3 Clearlyu =
U'(m, e v) if and only if

B(m, e, v,u)=0. (3)
Provided that U satisfies Conditions*RUT, then the trade benefit function is real,
increasing in i, v), decreasing in€{ u), concave in rf, e, V), and satisfies a
translation property:

B(m+ag, € v,u)=a+ B(m, e, v,u). (4)
Let p be an N1 vector of the shadow prices of imports) &:IL an N1
p'm
vector of the normalized prices of imports. The kdian normalized price functions

of imports (RiH)are related to the trade benefit function via HtgiWwold

Analogue:

oB(m, e, v,u)

RH(m,e,v,u) =—P = om ()

Zj:pjrq Z{GB(m,e, v,u)mj:l’

or in share fornf:

oB(m, e, v,u)

H __bhm _ om
W (m e v.u) > pm {8B(m,e,v,u)mj] ©
D>
j

where V\/iH is the Hicksian import share function, and theessgript H is to indicate

that (6) represents the Hicksian functions. Furtiuee, the translation property (4)

implies:

: See Chau and Fare (2011).
4 See McLaren and Wong (2009 , pp 1111-1113) fod#vévation of Hotelling-Wold Analogue.
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oB
—0,=1. (7)
~om '

]
If one could invert (3) explicitly to give the impd trade utility function LTJ(m, e V)

= u, then the Hicksian system could ‘darshallianizet by replacing thei by UT(m,

e V), i.e.,
V\/iM(m,e,v)=WH[m,e,v, J(m,e,\)], (8)

where the superscript M is to indicate that (8)respnts the Marshallian functions.
In practice, however, such an explicit inversion(8f inu is not always feasible.

This depends heavily on the particular parametimfof B, and not every B has an

explicit analytical inversion property. This papsmsiders the class of B for which

such explicit inversion is not available, and exglothe fact that the implied
Marshallian import share systendvf\") derived from any trade benefit functions can

be expressed implicitly by the following equatigstem:

oB(m, e, v,u)m
W™ (m, e, v,u) = om : 9)
oB(m, e, v,u)m
JZ omy
B(m, e, v,u)= 0. (20)

Providing B is strictly decreasing in then it becomes feasible to numerically invert
B in (10) to expresal as a function oim, e, andv. Therefore, given a specific
functional form for B and a vector of parametérshe corresponding import share

system can be written as:

WM (m, e, v; 0) :W"[m,e,v, J(m,e,v8) ;9], (11)

where UT(m, eV, (-)) is the numerical solution of the identity functiBfm, e, v, u;
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0) = 0 foru, solved at the given values wf m, e, v and6. At each iterative step of
the maximization of the likelihood function, thesea given set of parameter values.
For these parameter values, (10) could be numBricalerted to recover the value of
utility u consistent with the given values of commoditiesm, e, andv. Then, this
value of utility can be used to eliminate the unknovalue ofu from the Hicksian

import share system.
3. The Model

Using some intuition stemming from Rimmer and PdweAn Implicit Directly
Additive Demand System (AIDADS), and Preckel, Craldf and Hertel (2007)’s
Modified AIDADS, we assume that trade preferenagesrepresented by the following

trade benefit function:

(kZ, - Z,)

B(m, e, v,u)= M+ M,- -
0"

: (12)

whereM, (k=1, 2) are positive, non-decreasing and concavetiums ofm, andZ, (or
Z)) is a positive, non-decreasing and concave (ovesgnfunction ofv (or €). For the
empirical application, we assume that the Bhd Z functions take the forms,

respectively:
M= Am, Mo=[[m', Z=T]w, and Z,=[]¢",  @3)
i j | j

a, +9.€e"

where A, =
1+¢€

Vi are the utility varying coefficients. We have sé&m (7)
that Z%g] = 1, requiring:
i i
’Y.
2.Ag;=1 and ZH’GI = 0. (14)
j J ]

Differentiation of (12) after some manipulation gé/the Hicksian import share
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system:

oB(m, e, v,u)m

om
oB(m, e, v,u)m;

W (m, e v,u)=

2

= L , (15)
MZ(Kzl - Zz)
Z{Am B T

J
which is referred to as the Rank Three Import Skytem (RTISS). Several aspects
of this system warrant discussion. First, the s$tmec (12) maintains all of the
regularity properties inng, e, v) of a trade benefit function over the regions- 0

and xZ, >Z, provided that the following conditions are sagsfi

u>0,«>0, and Osoci ,Si,yi ,F,I,(pi< 1.
Second, the corresponding trade benefit functio?) (& highly non-linear in its
parameters angl, indicating that the value ofcannot be explicitly expressed in terms
of parameters and other measurable variables. Tauwsmnvert (15) to an estimable
Marshallian system, thein (15) has to be replaced by the numerical ineersf (12)
at B = 0. Lastly, in the spirit of Lewbk$ (1991) definition, (15) is consistent with
rank three preferences. This is potentially impartsince the model increases the
flexibility of the price and expenditure effects @& move across the expenditure
spectrum.

The impacts of import quantities and domestic irffpators on the shadow prices
of imports could be evaluated with the use Hickgjaantity eIasticities(ERimj) and
Hicksian elasticities of factor intensitQ/ERi\,| ) which in the case of RTISS, is given
by:
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. .MZ(KZl-Zz)
_ dlog(R ):_ = O A+, - % i
RiM — dlog(m ) ! Amay M, (xZ,-Z,)
i i Ut
_ (2,-2 .
Am+; - [ZYJJUHZ)

M +(Zy JM

M, (KZ, - Z,) 0 .K(zyjjmz};zl
i

O u
Rivi ~ aaliaz((\?)) M EJI:Z -Z,) M,(KZ,-Z,)" (16)
3 1 2 -

where &, is the Kronecker delta.

4. Data, Estimation Method and Results
The RTISS was estimated using annual Japanese atatfive categories of
imported/exported goods (Foodstuffs; Chemicals; difiet Materials; Machineries
and Equipments; aniscellaneousGoods) and two categories of domestic inputs
(labor and capital) covering the period 1969 to208ll raw data was obtained from
the website of the Statistics Bureau of JaSpavhiIe the domestic input quantities,
and import/export quantities are normalized toyfat 2000.

An important remaining issue is the choice of refiee bundlg implied by (7).
To simplify matters, we choosgto be (0, 0,..., 1)implying that all valuations are
made relative to the value of the imported misogtais goods. This choice @then
implies the following parameter restrictions. = 6. = 1, andy, = 0.

The major challenge in estimating the RTISS is thatunobservable utility level

uis an argument in the import share system. Thainikke the case where utility is an

° Statistical Bureau of Japan: <http://www.statg®.]
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explicit function of observable variables,does not drop of the system of import
share functions. Accordingly remains explicit in the import share system argltba
be estimated in addition to the parametr3his problem can be accomplished by
using the GAUSS language which is ideally suited Fandling the implicit
representation of functional relationships. Forstiteason, the RTISS may be
estimated by using the GAUSS 11.0 computer pachatijethe modules NLSYS and
CML.

For purposes of estimation, an error terpiseappended additively in the import

share system. The estimation method is non-linedlr ihformation maximum
likelihood, and the last equation in each systemickvis the budget share equation

for miscellaneous goods (v is deleted to ensure non-singularity of the rrro

covariance matrix. As usual, the estimation shd@dndependent of which equations
are excluded. Preliminary analysis suggested thed n® consider the serial
correlation in estimated residuals. To rectify ghisblem, we introduce the first order
autoregressive scheme based on a parameterizétiom autocovariance matrix using
the maximum likelihood algorithm of Moschini and Mq1994).

Maximum likelihoodestimation of the RTISS yielded the results regubih Table
1. Asymptotic t-ratios are also included althougbyt must be interpreted with care

given the non-linear nature of the model, and sione constraint <vy,<1) is

binding. Overall, the proposed model yields a fatisry fit as measured by the2 Bf

each share equation. The serial correlation prigsedf the error terms as shown in
the Durbin-Watson and Box-Pierce test statistics mot severely pathological,
suggesting that serial correlation is satisfactohidndled by Moschini and Moro’s
(1994) method. More importantly, the RTISS satssfithe required regularity

properties for all observations. Specifically, testimated RTISS turns out to be
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concave inif, e, v) and its fitted values are positive.

Parameter estimates of the RTISS could be usedrtgpute Hicksian quantity
and factor intensity elasticities of import shavadtions. These are evaluated at the
sample means of the variables and reported in Tablde elasticities in the first part

of the table are the Hicksian own/cross quamﬂx,,(') elasticities. It appears that the

own quantity elasticities are greater than minue, ®uggesting that all imported
goods are own quantity inelastic. It is also vmilthat all derived cross quantity

elasticities (with the exception oiER2m4 and ER4mZ) are negatively small,

illustrating that most of the imported goods arglgl substitutes whereas imported

chemicals and machineries are weakly complementary.
Of more interest to trade economists are the faotensity elasticities I(ERiVI ),

which measure the effects of changes in input faet@lowments on the shadow
prices of imports; the estimates are reported énsétcond part of Table 2. We see that
increases in the endowments of labor and capitgitsf raise the prices of imported
food, chemical and machineries, implying that thosported goods and domestic
inputs are weakly complementary. On the other hamateasing the endowments of
labor and capital marginally reduces the pricesngforted metals and miscellaneous
goods. It might be concluded that these importeshst and domestic inputs are slight
substitutes. One implication of these results & tiemoval of all import controls
would have small but ambiguous effects on the dehianJapanese domestic input

factors.
5. Concluding Remarks

This paper introduces new definition and estimatmocedures of trade benefit

functions intended to be applied in import demanaiy Departing from a recent

14:09:20/11/26/2011 9



An Empirical Investigation of the Trade Benefit Etion

paper by Chau and Fare (2011), we extend their vgriroposing a new RTISS
parameterization of the trade benefit function, alhis estimable and can be easily
constrained to satisfy the regularity conditions
It has been demonstrated that for a chosen tradefibéunction, application of
an analogue to the Hotelling-Wold Identity yieldgpeessions for Hicksian import
share functions. While these functions are expiicthe level of utility, in most cases
they do not have a closed-form representation aggmonding Marshallian functions
i.e. in terms of observable variables. This probldmwever, need not hinder
estimation, and can be solved by the numerical rgioe estimation method, as
discussed in Section 2. Overall, empirical findingdicate that the modeling and
estimation procedures employed here are feasibie pramising, and may prove
beneficial for quantity and welfare analysis in th&ure when modeling systems of
import demand functions.
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TABLE 1: Empirical Results: The Restricted Model

(Asymptotic t ratios in Parentheses)

Parameter Estimate Parameter  Estimate Parameter | Estimate
o 0.673 Y, 0.299 & 1.066
(4.328) (1.052) (0.353)
o, 0.072 Y, 0.050 g, 1.022
(1.016) (0.420) (1.099)
o, 0181 |7, 0.000° &, 1.045
(2.447) — (4.697)
a, 0.074 Y, 0.600 g, 1.108
(0.675) (4.456) (0.215)
5, 0.694 o, 0.646 &; 1.115
(8.458) (0.734) (0.186)
5, 0.059 b, 0.178 |« 2.012
(0.936) (0.745) (1.569)
o, 0.133 n 0.201
(5.163) (0.460)
5, 0.115
(2.424)
R2 D-W Statistics Box-Pierce 2
Statistics ( yz, s =12.599
Foodstuff 0.915 Foodstuff 1.656 Foodstuff 2.60(
Chemicals 0.895 Chemicals 1.613 Chemicals 2.69
Metals 0.887 Metals 2.069 Metals 3.910
Machineries 0.985 Machineries 2.052 Machineries 99@.
Miscellaneous 0.973 Miscellaneous 1.774 Miscebaise 2.600

* The constraint & v, < 1is binding, and hence no t-value is reported.
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Table 2: Elasticity Estimates (Asymptotic Standard Errors in
Parentheses)

. . . . ... a&hb
Hicksian Quantity Elasticities

Imported Category Erm Eqm, Erm Erm Erm
Foodstuff -0.423 -0.018 -0.056 -0.022 -0.48{L
(0.080) | (0.007) | (0.012) | (0.023) | (0.115)
Chemicals -0.200 -0.339 -0.056 0.068 -0.441
(0.033) | (0.054) | (0.012) | (0.050) | (0.115)
Metals -0.298 -0.027 -0.056 -0.129 -0.48]1
(0.037) | (0.010) | (0.012) | (0.065) | (0.115)
Machineries -0.046 0.015 -0.129 -0.466 -0.441
(0.041) | (0.012) | (0.065) | (0.055) | (0.115)
Miscellaneous -0.298 -0.027, -0.056 -0.129 -0.4¢§
(0.037) | (0.010) | (0.012) | (0.065) | (0.115)

Hicksian Factor Intensity Elasticities

Imported Category Er,, (labor) Er., (capital)
Foodstuff 0.001 0.000
(0.015) (0.004)
Chemicals 0.134 0.037
(0.039) (0.011)
Metals -0.170 -0.047
(0.096) (0.026)
Machineries 0.602 0.166
(0.053) (0.015)
Miscellaneous -0.170 -0.047
(0.096) (0.026)

% The equality of someERims across goods is the consequence of the restrictiorr O implied by

the choice ofj, and the parameter estimate= 0.

® The index set for imports and exports: {1= Fooffs2= Chemicals, 3= Metals, 4= Machineries, 5=

Miscellaneous}.
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