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We first introduced the simplest version of SMART and its definition of trade creation
and trade diversion. We then relax assumption 3) below (i.e., infinitely elastic export
supply functions) and re-derive the trade creation and trade diversion terms. We finally
turn into GSIM, which is the more recent multi-market extension of SMART.

1. Simplest Version

Assumptions:
1) Partial Equilibrium: no income effects
2) Armington Assumption: HS 6 digit goods imported from different countries are
imperfect substitutes, i.e., bananas from Ecuador are an imperfect substitute to
bananas from Saint Lucia
3) Export supplies are perfectly elastic: world prices of each variety (e.g., bananas

from Ecuador) are given.

Analytical setup

One possible analytical setup for the demand structure in SMART is to assume atwo-
stage budgeting procedure (where income is kept exogenous). A better alternativeisto
assume a quasi-linear an additive utility function that is also additive on a composite

numéraire good. More formally:

U=Yu,(m)+n D
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where n is the consumption of the composite numéraire good, m, isthe consumption of

the aggregate import good g (aggregate in the sense that it is a function of imports of

good g from different countries); and u, isthe sub-utility function of good g. The fact

that the utility function is additive ensures that there are not substitution effects across
goods g, and the linearity on the composite and numéraire good n ensures that there are
no income effects.

Maximization of (1) subject to abudget constraint yields:

mg,c = f(pg,c’ pg}c)lvgac
n=y-2 % PG @
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where m,  areimports of good g from country c, pg,C is the domestic price of imported

good g from country c, pgﬁ isthe domestic price of good g imported from all countries

other than ¢, y is national income. Thus consumption of the composite and numéraire

good, n absorbs all income effects.

Domestic prices are given by:
Py = Pic(L+t,) 3

where p; . istheworld price of good g imported from ¢, t, . is the tariff imposed on

imports of good g imported from ¢, and is defined as:

t,, =t'™(1-4,.) 4

g,c

where t;™" isthe Most Favored Nation (MFN) tariff imposed on good g, and 6, isthe

tariff preference ratio on good g when imported from country c.

LBy (4), O, =1-tg. [ty .



Tradecreation

Trade creation is defined as the direct increase in imports following a reduction on the
tariff imposed on good g from country c. To obtain this, SMART uses the definition of
price elasticity of import demand:

~ dm, . / m, .

Eqe = <0 (5)
¥ dpg./ Py,

Solving (5) for dm, . we obtain the trade creation (TC,, ) evauated at world prices and

associated with the tariff reduction on good g when imported from country c:

w w dpgc
TC,. = pglcdmg,c = Py cbycMyec—3 (6)

Note that using (3), we have dp;C = P, .0t . . Substituting this and (3) into (6) yields:

dt dt
w w g.c g,c
TC,. = pgvcdmg,C = Py c€geMye (_)1+t =&y.M, . Tt ()
g.¢ ( g,c)

Equation (7) defines the extent of trade creation on imports of good g from country c.

Note that in the last equality we simply choose units of all goods so that the world prices

are equal to 1. One can then interpret m, . asimport value of good g from country ¢

measured at world prices. This normalization of units is undertaken from now on in order

to simplify the expressions, so that m, . represents both imported quantities and value of

good g from country c. Aslong as world prices are kept exogenous (i.e., export supply
functions are perfectly elastic), this normalization has no implications for the derivations

above and below.

2 Recall that world prices are assumed to be fixed given the assumption of perfectly elastic export supplies
in every country c for every good g.



To obtain the overall level of trade creation across goods or countries one simply needsto

sum equation (7) aong the relevant dimensions:

TC, =) TC,,

TC, =) TC,. (8)

g
TC=>>TC,,
g c

Tradediversion
If the tariff reduction on good g from country c is a preferential tariff reduction (i.e., it

does not apply to other countries, # ¢, then imports from country), then imports of good
g from country c are further going to increase due to the substitution away from imports
of good g from other countries that becomes relatively more expensive. Thisisthe

definition of trade diversion in the SMART moded!.

In order to measure trade diversion, let us use the definition of the elasticity of

substitution, (ag‘m) across imports of good g from country ¢ and all other countries

d{ mg ‘C ]/ mg ’c
m C m #C
=—— <0 9

(#c):

Note that:

pgycdt%C
d( pgc J/ pgc . pz;v;c(l—i_tg,#c) . p\g,gv,cdtg,c dtg,c (10)

d =
pg,#c
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Recalling that by definition of trade diversion dm, . = —dm, .., we have:



(11)

Substituting (11) and (10) into (9) and solving for dm, . yields the expression for trade

diversion, TD . :

mg ¢cmg C dtg (o}
TD_ . =dm = : ’ — O g onc (12)
m,_..+my, 1+tg,C

Constraining Trade Diversion
There is one additiona problem associated with the measurement of trade diversion.
Indeed, by definition of trade diversion it cannot be larger than the original imports of

good g from other countries = ¢, i.e, TD, . =dm, =-dm,_ . <m, .. A simpleway of

g,#/C —

introducing this constraint is to defined trade diversion as as follows:

m, _.mg . dt

c

g.c :
o if —dm, .. <m
D, = dmy, =—dm, . =My .+ My, 1+t o Y

m if —dm, . >m

g,#C

(13)

g,#C

So the constraint is binding only when it is necessary.

An aternative to the ssmple constraint in (13) is the one currently used by SMART. It
introduces the constraint for all observations independently of whether the constraint is

binding or not. Thisis done by transforming (12), sothat TD, . =dm, <m,_.,Vg,C:
dt,.
mg,¢cmg,c 1+t Ug,c,¢c
D, =dm  =-dm . = gycdt (14)
m,_.+m  +|m ’* &
g,#C g,c { g.,c 1+tgyc g,c,¢cj|

By adding the term in (14) the term in square brackets to equation (12), SMART

constraints trade diversion to be equal to m, .. when the term in square brackets (the



changein tariffs multiplied by the change in relative prices and the elasticity of
substitution) tends to infinity (or minus infinity). Indeed:

lim TD,.=m (15)

,C ,#C
t, . 9 9
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Equation (14) is clearly an underestimation of the trade diversion effect (we add a
positive term to the denominator), whenever the term in squared brackets does not tend to
infinity (e.g., for small tariff changes). More problematic is the fact that the termsin

sguare brackets cannot tend to infinity unless either imports from ¢ (mgyc) or the

elasticity of substitution areinitialy infinitely large. In which thereis either no reason to
worry about trade diversion or we are in aworld with perfectly homogeneous goods in

which case the constraint is always binding. Under more reasonable assumptions, the

t
term in squared brackets can only tendto - m . —~—o . asdt,  tendsto —t

g,Cc,#C
1+ tgyC

when the tariff on good g from country c is eliminated. It is then not clear to which value
the trade diversion term tends to, a part from the fact that it is clearly an underestimation
of the true trade diversion for most values. For these reasons, we suggest the use of (13)

rather than (14) to measure trade diversion.

Again the expression in (13) or (14) could be added across different dimensions (goods,
countries or both) to obtain total trade diversion terms as we did for trade creation in
eguation (8). Finally, the total increase in exports of good g from country ¢ associated
with apreferential tariff granted to good g originating in country c is given by the sum of

the trade diversion and trade creation terms.

2. More complex version

An important assumption so far is that export supply functions are infinitely elastic. Thus
the price of good g from country c is exogenously given. This could be quite an awkward
assumption. For exampleif your experiment considers Brazil granting preferential
treatment to milk exporters from Uruguay, this implicitly assumes that Uruguayan

exporters would continue to export milk at the same price and in sufficient quantities as



to satisfy Brazilian demands for Uruguayan milk. A casual look at milk production in
Uruguay and consumption in Brazil suggests that the full Uruguayan milk production
may be sufficient to satisfy only a couple of supermarketsin Sao Paolo. Thusthe

assumption that prices will be given seems unrealistic.?

The more complex version of SMART introduces upward sloping export supply

functions.

New Set of Assumptions:
1) Partial Equilibrium: no income effects
2) Armington Assumption: HS 6 digit goods imported from different countries are
imperfect substitutes, i.e., bananas from Ecuador are an imperfect substitute to
bananas from Saint Lucia

3) Export supplies are upward sloping: world prices of each variety (e.g., bananas

from Ecuador) are endogenous. (one disturbing assumption hereis that bananas

exported from Ecuador to the USA are not substitutable with bananas exported to
the European Union. To change this, one either needs to model the world market
for Ecuadorian bananas; that’s the reason why GSIM was developed by Francois
and Hall (2003); an aternative to GSIM isto follow the world market
specification of Hoekman, Ng and Olarreaga (2004), or assume an Armington
structure on the export side too; these aternatives are explained in the next

sections).

Thus assuming that export supplies are not infinitely elastic, one can easily obtain the
modify formulafor trade creation by recognizing that world prices (or prices received by
exporters of good g from country c) are likely to be endogenous. To do so, let usfirst

define the export supply elasticity of good g from country c as:

~ dX, / Xg.e

=——"—-=>0 (16)
dpg,C/pg,C

Hyc

% Note it may be a much more realistic assumption if one considers Burundi granting preferential accessto
European producers of milk, given the much larger size of Europe relative to Burundi’s market.



Note that by definition dx, . = dm, .. Thus solving (16) for dp,., we have:

Xy o/ Xgc _ Xy ./ Xqe

Hoo/ Poe  Hge

dpg. = (17)

where the second equality is ssmply explained by the fact that world prices are initially
normalized so that they all equal 1 (see page 3 for adiscussion).

Now using the definition of domestic pricesin (3), we have that:
dp{, = pydty, +dpl,(L+1,,) (18)

Tradecreation
Substituting (17) and (18) into the definition of trade creation given by (6), and recalling
that initial world prices have been all normalized to unity, yields:

TC dm dx m . [ ! J (19
c = c = c = €gcllye :
g, ¢] g ¢] g 1+tg'c 1_ gg,c/,ug,C

First note that if export supplies are perfectly elastic (i.e., u,, — o), then equation (19)

becomes equation (6) as before. It is also straightforward that assuming upward sloping
supply curves will lead to lower trade creation than when assuming perfectly elastic
supply curves (i.e., the term in brackets is smaller than 1). The intuition is that with
upward sloping supply curves the world price of good g from country c increase as

demand for this good increases, therefore reducing demand quantities.

Tradediversion

It is our understanding that the current formulafor trade diversion in SMART when
export supplies are assumed to be upward sloping is given by (14) above. It is clear
however that the formula needs to be modified to consider changes in world prices of

both good ¢ and good # ¢, associated with atrade preference granted to good g when



imported from country c. More formally, equation (10) will change because both world

prices will be affected.

Using (18), equation (10) becomes:

gec)

p;/‘cdtg‘c + dpg\;v,c (1+tg,c) w \ dp;;c (1+t
w — Py L+t
d( & J & Pt e s+, )
- W (21)
pg,c(1+tg,c)

Pi.c )/ PG.c
pgvjv,#c (1+ tg,#c )

Further substituting (17) into (21), and recalling that initial world prices have been

normalized to 1, we obtain:

d d dt dx dx
d pc?,c pdg,c — g.c + g,c _ g,#C (22)
pg,#c pg,::c (1+tg,c) Xg,Clug,C XQFC'HQ,#C
By definition of trade diversion dx, . = —dx, ... Then equation (22) becomes:
d d dt
of Poe | [ Poc  Zee g | L, 1 (23)
Py «c Py «c (1+ tye ) XgcHge  XgzcHgrc
By definition dm, . = —-dm, . = dx, . = dx, .. Then substituting (23) and (11) into (9),

and solving for dm, _yields:

D

mg,cmg,#: dtg,c (mg,c + mg,¢c)ﬂg,cﬂg,¢c
g.c g,C,#C (

mg,c + mg,¢c 1+tg,c mg,c + mg,;tc ):ug,c:ug;c - mg,c:ug,c - mg,¢c:ug,¢c

} (24)

It is easy to verify that if the elasticities of export supply are both perfectly elastic, then
eguation (24) becomes equation (12). It is also clear that the extent of trade diversion is

null if the export supply of c or = cis perfectly inelastic (u, . = 0and/or x .. = 0). Also
trade diversion defined in (24) is than trade diversion defined in (12).



One potentially relevant scenario is when the elasticity of export supply of the rest of the
world (= ¢) isinfinitely elastic, but not that of the trading partner to which the preference
isgranted ( ¢ ). Then equation (24) becomes:

m. . m dt (mg,c + mg,#c ):ug,c

. = g.c' g% g.c o
(mg,c + mg,¢c ):ug,c - mg,¢c

o= (25)
9c My, +m . 1+t

g.c,#C

Constraining trade diversion

Again, by definition, trade diversion cannot be larger than the original imports from the
rest of theworld (= ¢). Thus the expressions in (24) or (25) would have to be constrained
to satisfy this. The approach we prefer isthe one used in equation (13) earlier, where this
constrained isimposed on the data after calculating trade-diversion for good g. So under

the assumptions of equation (25), trade diversion would be defined as:

mg,c mg,:tc dtg,c (mg,c + mg,;ec ):ug,c .
1+t g,c,%C ( ) If dmg,c < mg,:tc
TDy =My +my 1+t . My e+ Mye Mg =My (26)
My .c if dm, . >m,

Alternatively, one could follow the procedure embedded in SMART which ensures that
thisis satisfy when the preferentia tariff reduction goes to infinity. This simply involves
adding aterm in the denominator of (24) or (25), so that when the change in preferential

tariffs goesto infinity, trade diversion tendstom, .. In the case of the assumption leading

to equation (25) this trandates into transforming equation (25) as follows:

mom dt, . - (mg’c +mg,¢c)/,¢g'C
st 9 (my 4 my L g —m
TD _ g.c g,c g,#C /ng,C g,#C

g.c
m +m +m dtg,c (mg,c +mg,¢C)lng,C
ge ™ More ™ e g 1y Toore (M, +m, iy —m
g.c g,c g,#C /’lg,C g,#C

(27)

Again as before the total increase in exports of good g from country c after theincreasein

tariff preferencesis given by the sum of the trade diversion and trade creation terms. One



could further sum these effects across goods and countries (if severa country cs) are

involved.

Modeling world markets: GSIM

As mentioned earlier world markets are ignored in SMART (which istheoretically
reasonable if one assumes infinitely elastic export supply elasticities). Everything is
treated in terms of bilateral relationships (with third countries exporting to the importing
country). Thisis particularly awkward when assuming upward sloping export-supply
functions. It indeed trandlates into assuming that exports of good g from country c to
different markets are not substitutable. There are several ways in which world markets
can beincluded into this: GSIM developed by Francois and Hall (2003) is one alternative
and isthe one offered by WITS.

Demand side

Let us define the import demand function of country m for product p exported by country
x as afunction of the domestic price in mof product p exported by x in, the domestic
pricein mof product p exported by other countries and the total expenditure of country m
on product p (the latter results from the assumption of weakly separable import demand
functions):

Mok = F(Prox P Yonp ) 1)

where Y, jisthetotal import expenditure of country mon product p, and B, ,  isthe

domestic price in country m (tariff inclusive) of product p exported by X, i.e.,

* *

Pm,pyxz(1+tm,pyx)P =T, ,xPox »Where t_  isthe preference inclusive tariff imposed

p,X m,p,x° p,x ?

by country mon itsimports of p from x, and P;’X isthe world price of product p exported

from x.

By differentiating equation (1), applying the Slutsky decomposition of partial demand,
and taking advantage of the zero homogeneity property of Hicksian demand, we can then

derive the following:



Empx = Hm’pyx(gm’p +0o

)
2
gm,p,¢x = 9m,p,¢x8m,p _(1_6myp,¢>< )O'm’p ( )

m,p

where 6, , . isthe expenditure share of product p exported by x in total imports of
product p by country m, ¢ = < Oisthe composite import demand function for product p
incountry m, o, > Oisthe elasticity of substitution in country mfor product p exported
from different countries, ¢, , . istheimport demand function in country mfor product p

exported from x, and & isthe cross price elasticity of the import demand functionin

m,p,#X
country mfor product p exported from x, when the price of product p exported from other

countries #x changes.

Supply side
Similarly, we define export supply functions to be afunction of world prices:

X =0(P}) )

Differentiating (3), and rearranging in percentage terms we obtain the definition of the
export supply elasticity:

€, = Xy /Poy >0 4

Market Equilibrium

Once demand and supply for each product are specified we can solve for the percentage
world price increase following atrade reform in one or more countries by simply solving
for the new price that re-equilibrates demand and supply for this product. Because of
imperfect substitution when tariffs on products exported by other countries change, this

will also affect import demand as suggested by the cross-price el asticity in equation (2).

Matrix notation will help us obtain a quick analytical solution to changesin world prices

following trade policy reforms. First denote E ,  as adiagona x by x matrix of

elasticities in country mfor product p, where the elements in the diagonal are equal to



Em pux / e, as provided by (2) and (4) and the elements off the diagonal are given by:
Empex/€ox - DENOLE P; as a vector of percentage changes in world prices of product p
and T, avector of changes on the tariff imposed by country m on imports of p from

different countries. Further denote E, =» E,  and B, =Y E, T, . - Imposing the

market clearing conditions and solving for the changes in world prices yields:

P =(-E

p

J'B, )
Once we obtain the percentage changes in world prices using equation (5) it istrivia to
obtain the changes in import and export revenue, tariff revenue, (import) consumer
surplus and (export) producer surplus, and therefore welfare.

Computing changesin revenue and welfare
The change in export revenue can be obtained using equation (4) once the percentage
changein world priceis obtained using equation (5). A linear approximation to the

changein (exporter) producer surplusis given by:

X p,x
p p 2

* % € xls*x
APS,, =P, X, .P [1+MJ

where If’;x is the percentage change in the world price of good p exported from x.

The percentage change in imports can be obtained using (2) and the definition of import
demand elasticity (i.e., theratio of percentage quantity changes over percentage price

changes).

The linear approximation to changesin tariff revenueis given by:

A*

ATRm,p,x = tm,p,xM m,p,xp;,p,x((fm,p,x) + Pm,p,x(1+ gm,p,x ))



where fm,p,x is the percentage change in the tariff imposed by m on good p exported from

X.

For consumer surplus, assume a CES aggregator across different export sources. The

change in consumer surplusis then given by:

ACS,, = z M m,p,XP;,p,XTm,pYXG enolPrs [ sion(B,, )- ﬁm,pj

A

where P, | = Zem,p,XPP,X +T,,

Finally, the change in welfare is given by the sum by country of the changes in producer

surplus, consumer surplus and tariff revenue.

References

Francois, Joseph and Keith Hall (2003), “Global simulation analysis of industry-level
trade policy”, mimeo, The World Bank.



	Explaining SMART and GSIM
	 
	1. Simplest Version


	Analytical setup
	Trade creation
	Constraining Trade Diversion

	2. More complex version
	Trade creation
	Trade diversion
	Demand side
	Supply side
	Market Equilibrium
	Computing changes in revenue and welfare

	where �is the percentage change in the world price of good p exported from x.
	where �is the percentage change in the tariff imposed by m on good p exported from x.

