1 Appendix

The general equilibrium model described below extends the discussion in the text. There are three
countries, two of which, the US (U) and the EU (FE), are of the same size and with the same
technology, Bangladesh (B) is smaller in that it has fewer units of effective labor. To achieve factor
price equalization in the presence of asymmetries, we introduce a homogenous good, which can
be freely traded and is made using one unit of effective labor. Note that as labor is measured in
effective units, factor price equalization says nothing about wages per worker which can be lower
in Bangladesh if their labor is less productive. There are L consumers in the US and EU, and L?

consumers in Bangladesh. A consumer in country i, i = F, U, B, supplies one unit of labor.

1.1 Production and Firm Behavior

We assume that there is no specialization in equilibrium. Hence, we can normalize the wage rate
and the price of the homogenous good to unity.! The expenditure and revenue earned from the
differentiated good are denoted by E’ and R, respectively, for i = FE,U, B. The trade policy
environment is summarized in Figure 1. The per unit trade costs of the US and EU of exporting
to Bangladesh are assumed to be the same and equal to 77 reflecting similar transport costs and
the MFN tariffs set by Bangladesh. The per unit trade costs of exporting to the US and EU are,
respectively, 7V and 7% reflecting the MFN tariffs set by two countries. The US has quotas, which
impose an additional cost both as US ROOQOs have to be met and because of the non zero license
price, while the EU has preferences, which reduce these costs if EU ROOs are met.

Given our assumptions, the export price set by the US and EU firms exporting to Bangladesh

with productivity level ¢ is 78p (¢) , while the export prices set by US firms exporting to the EU and

!Even if unit labor requirements differ, factor price equalization in efficiency units is achieved.



EU firms exporting to the US are, respectively, 7p (¢) and 7Vp (¢). Exporters from Bangladesh

with productivity level ¢ set the following prices?:

;

78p (), if the firm exports to the EU without meeting ROOs;

Pz (¢) = \EQETEY (¢), if the firm meets ROOs while exporting into the EU; (1)

(HU +t)7Up(¢), if the firm exports into the US.

Since r(¢) = E (pqSP)U*l , where F is the expenditure on the aggregate differentiated good, we can
write the revenues earned by a firm from country k from serving its own market, 7’5 (¢), and from

exporting to country j, rJ (¢) as

k(@) = E* (Pkp¢>)a_1, k= E.U B 2)
) = B (P o) 3)
WEG) = B (PPo(r") o) @)
B (g) = EP (PP (TB)‘lgb)H, k=E,U. (5)
A firm from Bangladesh gets:

WP = 87 (PPo(r") o) (6)
rEF () = EF(PPp (AEaETE)‘1¢>U_1, (7)
TETU (6) = EU (PUP((9U+t) TU)fl ¢>U,17 ®

Bk

where 7

(¢) and rB* (¢) are the revenues earned by this firm from exporting to country & while

*Note that AY = 1, since the US does not give tariff preferences to Bangladeshi garments. (See Section 2.3.)



meeting ROOs and not meeting ROOs there, respectively. To simplify our analysis, we rewrite

rBE (¢) as rBF (¢) + ?"IJ%E (¢), where
rRE (9) = EP (PPpe)” ' (7)) 7 (WF0R) 7~ 1)

In other words, 5% (¢), which is positive as ¢ > 1 (needed for bounded profits) and A0 < 1
(needed for preferences to ever be worth invoking), reflects the additional revenue gains of firms in
Bangladesh from meeting ROOs in the EU. Firms in Bangladesh use ROOs only if the additional

BE
variable profit, & 9) " exceeds the fixed cost of meeting ROOs, d¥.

o )

Note that in each country under trade, the aggregate revenue earned by domestic firms in the
differentiated good sector, R¥, can differ from the aggregate expenditure on the differentiated goods,
E*. (Since the value of final goods and services equals the value of factor payments, in an open
economy, RF = ~*L* where v* is the fraction of labor employed in the differentiated good sector
in country k®, and E¥ = BI*, where I* is income in country k. I* = L* + NTRF, where NTRF is
the net tariff revenues received by country k.). However, world expenditure on the differentiated
goods equals the revenues earned in this sector, Y¥LF + VLY +4BLE = g(LP + LY + LF).

Let us define by ¢** and ¢*¥ the productivity cutoffs for the firms in country i, which decide,

respectively, to produce for the domestic market (@ = f) or to export into country j without

ij( *15

meeting ROOs (w = f.). In addition, ¢*B¥ and ¢*BY denote the productivity cutoffs for

xr

firms from Bangladesh, which decide to export, respectively, into the EU and US meeting ROOs

BE( *BE) BU( *BU)

: r ™ T:l)’f‘ T M
there, i.e., =+ =dF and e =y +dY. Now, there are a number of relations between

3The value of output or revenue earned in the differentiated good sector equals the total factor payment or the
earnings of labor employed in the sector. The value of output in country k includes revenue earned in the differentiated
good sector and in the homogenous good sector and equals factor payments or L. National income in addition includes
net government revenue, in this case, tariff revenue.



these cutoffs. For example, the export cutoff for a Bangladeshi firm exporting to the EU without

meeting ROOs must be related to the entry cutoff for a EU firm. Since

*BE
r((ﬁ*Eva’EE) :Uf7 7'< ;E_E 7PE7EE) :fo,

using the explicit functional form for revenue, yields

1

;BE — 7_E (?)H ¢*E — AEU¢*E

In a similar manner, the following relationships among the productivity cutoffs in all three countries

can be obtained:

SEU _ AUS U pUE _ g+BE _ ABU g+E 9)
BB _ piUB _ pB B, (10)

Gi8F = ARE,67PF = ABE, APV 67 (1)
= ARoos™, (12)

where

AUS _ U (');;’”)H>1, AFU = 1P <‘7;f>g_1>1, AP = 7B <J;3,C>H>1, (13)

1
dr 1 o
BE __

U\ 7T
ABbo =7V (0Y +1) <fm4]:d ) > 1. (15)

We assume that d®, \®, and 0% are such that Aggo > 1, i.e., not all Bangladeshi firms exporting



to the EU invoke ROOs. In addition, as 7¥ > 7F and tariffs are MFN, we have AVS > APU,
Moreover, we will assume that A® > Aggo. This is motivated by Bangladeshi tariffs on imports
being quite high. We assume that they are higher than the implicit effect of US ROOs and quotas,

ie., 78 > 7U(0Y +t). As a result, the relationship between the parameters is:
AB > ABY S > AUS > AFU, (16)

The free entry (FE) condition in country i leads to the following equation?:

5

5 (1-G(¢*)) = fe, i=E,U,B, (17)

where 7; represents the average level of profits earned by firms in country ¢. In other words, in each
country the present discounted value of the expected profits upon entering should be equal to the

costs of entering. Let’s define q~b(¢*) as

1

; [ / :O 6" 1 (0) dﬂ (18)

<
—~
ASH
\j
Il

1

- =g [ vom] (19)

Denote ¢ ((ﬁ*’) by &i, 6 ( *ij ) by &5;’, and ¢ ( *ij ) by &;JT Then the average profits earned in the

T xr

EU, the US, and Bangladesh are, respectively:

= (37) 4 pEUnt (357) 4 pEPRE (557 20

1§ is the usual exogenous probability of death for a firm which allows the static model to be interpreted as a
dynamic one in its steady state.



~U ~UE ~UB
0ol (37 oL () e (7). o)

_ ~B ~BE
8=l (87) + el (5,7)

BE_BE (BE BU,_BU (3BU
+pazr TR <¢zr ) +p:1:r Txr ((ﬁxr ) ) (22)

where p? is the probability of becoming an exporter from country 7 to country j conditional on

successful entry,

Pl =(1-G(67)/(1-G(¢7)).

Similarly, pBF is the probability of becoming an exporter from Bangladesh to the EU who meets

ROOs, conditional on successful entry,

per = (1=G(¢:77)) ) (1=G (677)).

and pBY is the probability of becoming an exporter from Bangladesh to the US, conditional on

successful entry,

pey = (1=G(s:77))/ (1-G (7))

Note that

e i\ o—1 i\ o—1
()= war(#) =rile) (%) —er(Z) .

Thus,
~ o—1
é <¢>> L (24)



Similarly,

e (%ﬁf) = fok (¢57), (25)
T (6,7) = Pk (0:F), (26)
2 (B ) = (Fo+d) k(6307 (27)

Let us denote (1 — G (¢)) k (¢) by J (¢) . By substituting the expressions above into (17) and using
relationships (9)-(12), we receive three equations for the productivity cutoffs corresponding to,

respectively, the EU, the US, and Bangladesh:

FIO*E) + fJ(AVS 6%V + £, (AB*B) = 6., (28)
FI(@Y) + f J(ABY B 1 .0 (AP ¢*P) = 6f., (29)
FI(OB) + fo J(AFV*E) 4+ dB T (ARG APV ¢*F)

+ (fo +d7) J (ARBod™) = df.. (30)

Solving the above system gives ¢*%, ¢*V, and ¢*B, which, in turn, allows to solve for all the other

variables in the economy.’

> All variables in the economy can be expressed through the productivity cutoffs, ¢*F, ¢*Y, and ¢*Z, and the
masses of variety in each country, MZ MY, and MB. To derive M?, i = E,U, B, trade balance equations can be
used.



1.2 Ranking Domestic Cutoffs

To compare ¢*V, ¢*F, and ¢*Z, we will first discuss the solution of the following system of equations:

FIOE) + foJ(AVS V) + £, 0 (AP P) = 6f., (31)
FI(@*Y) + foJ (AU G*E) + fod (AB*B) = 4f., (32)
FI(O*B) + fo J(APV*E) + fo 0 (ABGod™) = 6fe. (33)

where equation (31) corresponds to the EU, equation (32) corresponds to the US, and equation
(33) corresponds to Bangladesh. Using the same technique as in Demidova (2005), we will show
that the solution of (31)-(33) must satisfy ¢*Z > ¢*U > ¢*F and adding d”.J (AggOAEUgb*E) +

dvJ (A}%OO(ﬁ ) to equation (33) does not change this result.
Lemma 1 In the equilibrium defined by (31)-(33), ¢*B > ¢*V > ¢*E.

Proof. First, let us prove that for any ¢*Z, from (31) and (32) ¢*V > ¢*F. Then we will show
that for any ¢*F, from (32) and (33) ¢*Z > ¢*V, and the lemma will be proved.

Consider equations (31) and (32). Move f,J (AB¢*P) to the RHS of these equations. This
gives two equations in ¢*F and ¢*Y which are equal to the same value on the RHS, namely 6 f. —
fzd (AB B ) Clearly, if AVS = APV then then the intersection of two curves is on the 45° line
as shown in Figure 2(a). What if AYVS > AFU?

Well, ¢*V can be written as a function of ¢*F (¢*? is fixed):

(31) = ¢ AUSJ <(}i€‘£‘7(¢ By - J(A%*B)), (34)
«U _ 7—1 6fe fr EU  xFE fCE B B
(32) = V=1 (f Lo gasvger) - f(A¢)). (35)



Recall that J (¢%) = (1 — G (6*)) k (6°) = (¢")'° / 6" 1g (6)do — [1 - G (¢")] . Thus,

T @) =0~ [#g@)do <. (36)

¢*
Since J (¢) is a decreasing function of ¢, #*Y is decreasing function of ¢*F in both equations (34)
and (35). Moreover, at any intersection point, the curve for the US corresponding to equation (35)
is flatter than the curve for the EU corresponding to equation (34)% as depicted in Figure 2(a).

1
o

Suppose APV falls to 7FY <f71) -t Then, it is obvious that the curve for the US corresponding
to equation (35) shifts up as shown in Figure 2(b). Hence, we know that for any ¢*Z, ¢*V > ¢*F.

The proof that for any ¢*Z, ¢*5 > ¢*U in the equilibrium defined by (31)-(33), is analogous to
the previous one, but now we use equations (32) and (33) and the fact that A% > ABU |

Next, we add d¥J (AggOAEUqS*E) +dvJ (Aggogé*U) to equation (33).” Thus, instead of

equation (33), we have
FI@P) + fod (APY 9 F) + £o] (ARBod™ ) +d" T (ARG APV 6™F) +dV T (AFGos™) = 6fe, (37)

which is equivalent to equation (30). Note that this change does not affect equations (31) and (32).
Thus, ¢*V remains above ¢*¥, whatever be the value of ¢*.

We can think of what happens when we add these two terms in three steps. First, as shown
in Lemma 2, raising ¢*P raises 6 f. — foJ(AP¢*P), and shifts out both the curves determining the

values of ¢*V and ¢*F. If one curve shifts out more than the other, it is possible that ¢*U and

5The expressions for the slopes can be derived from (31) and (32) using the implicit function theorem.

"In the detailed appendix (available upon request) we consider an additional possible variation: that Bangladesh
draws from a better productivity in terms of hazard rate stochastic dominance. This leads to the same result: ¢*P
rises, while ¢*Y and ¢*F fall with ¢*Z > ¢*Y > ¢*F.



#*F do not move in the same direction. However, we show below that this is not so. Both their
equilibrium values rise. Second, using this relation between ¢*V and ¢*F, denoted by ¢*(¢*V), we
can make the equations corresponding to (33) and (32) a function only of ¢*Z and ¢*V. We show,
in Lemma 3, that these two curves have similar properties as they do when ¢*¥ is fixed: in other
words, that indirect effects do not swamp direct ones. In Lemma 4, we show that adding these
terms thus shifts up only the augmented curve corresponding to (33) and so raises ¢*F from its

value in the more symmetric system.
Lemma 2 Any change in ¢* moves ¢*V and ¢*F in the same direction.

Proof. A change in ¢*B will raise the RHS of (31) and (32) equally so that it will remain true
that

FI(@*E) + fo I (AVS V) = fI(6*V) + foJ(AEVg*E). (38)

Thus, equation (38) gives the relationship between ¢*F and ¢*V in the equilibrium. Using the

implicit function theorem and differentiating (38) gives

N O (6*7) + [ AUS T (AUS V)

de*U N £ (d)*E) — fLAEU 1 (AEU¢*E)
P11 (6] = LAV | (4056)|
P = AT [ (475F)

>0,

since J' (¢*) < 0 and f|J' (¢*)| > fo A7 ‘J' (Aj¢*)‘-

From (36),
o0 o—1 d > o—1 d
el f/¢*¢m 9(8) do e /gqb AN
RSNy [* g0 [ e
Al p* Al ¢*
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since 77 > 1, A7 > 1, j = EU,US, B. Thus, in the equilibrium, ¢*E (¢*U) is an increasing function

of V. m

Lemma 3 The addition of d¥J (ABE AEU¢>*E) +advJ (AE d)*U) to equation (33) must move

&*P in the opposite direction to ¢*F and ¢*V.

Proof. Note that

fmJ (AB¢*B) — 5fe _ fJ(¢*E) _ fmJ(AUS¢*U)-

As ¢*F and ¢*Y move in the same direction, the RHS either rises (if ¢* rises) or falls (if ¢*Z falls).
As J(+) is a decreasing function, for the above equation to hold, ¢*B has to move in the opposite
direction from ¢*F and ¢*V. m

Now we move to the third step.

Lemma 4 The addition of d¥.J (AggOAEUgb*E) +dvJ (Agooqb ) to equation (83) must raise
gb*B-

Proof. Using Lemma 2, we can rewrite equations (32) and (33) as

FI&Y) + foJ(AFPV ¢ (V) + fud (AP9*P) = 6f., (40)

FI(G™F) + [ J (APV G (¢*7)) + fud (ARD0®™) = ofe, (41)

where ¢*F (¢*U) is defined by (38). We can rewrite (40) and (41) as

¢*B _ ABJ (C}f i £J(¢*U) o J(AEU¢*E (¢*U))) , (42)
B = gt <5]{e J;f (APY ¢ (¢)) —J;f (A Roo¢*U)> (43)

11



Note that the curve corresponding to equation (42) is steeper than the curve corresponding to
equation (43) as shown in Figure 3(a). Moreover, the intersection of these curves is above the 45°
line since from Lemma 1, ¢*V < ¢*B.

Adding d¥J (AggOAEUgb*E (qb*U)) +dvJ (Aggoqb*U) to equation (33) shifts the curve corre-
sponding to equation (43) up as shown in Figure 3(b). Moreover, the property of the slopes of
two curves at the intersection point remains the same, if ¥ and dV are small enough. Hence, this
change leads to an increase in ¢*Z and a fall in ¢*V, which, in turn, leads to the fall in ¢*F. (The
latter follows from Lemma 2.) m

Thus, we have proved our main result.
Proposition 5 In the equilibrium defined by (28)-(30), ¢*B > ¢*V > ¢*F.

It is easy to see that various cutoffs can now be ranked. For example, the productivity cutoff
levels for firms exporting from Bangladesh to the EU and US can be ranked as in Result 2. Since
ABY > APU_ using the relations in equations (9) and (12), namely that ¢*P% = APUg*E and

2BU = ABU 6™V, we see that ¢:PF < ¢*BU. This shows that a more restrictive trade policy in the
US results in only more productive Bangladeshi firms being able to compete there. Other cutoff
comparisons follow from using these relations along with the assumptions and results so far.

That the number of firms that export to the US is smaller than the number of firms who export

to the EU in both woven and non-woven industries (3(a)) needs a little explanation. The definition

of mass of firms exporting to the US and EU:

_ *BE

ME = pPMP = 11 —C;((;*B)) M7, (44)
1 _ G *BE

MEP = pBFMP = 1—G((<Z"‘TB)) B, (45)

12



L-G(95") \ 0m

MBU — BUMB — 46
xr Py 1-G (¢*B) ( )
From Result 1, it follows that M3V < MBE,
1.3 Ranking Price Indices
By definition, the price index in country i can be written as
i iNTog o (50
Pl = (M) p (¢t> ; (47)

where M is the total mass of variety available to consumers in country i, and <~bz is the average
productivity level of firms, who sell in country i. For example, in country E (that represents the

EU in our model)®

M = MF 4+ MYE + MBP + MBE and (48)
~F . 1 E ~F o—1 UE 71~UE o—1 BE E —1 ~BFE o—1
o = {M;E[M (%) +MIP (r718") "+ ME (7)1 6,
~BE\O—1 1/(o—1)
+MBE (()\EGETE)_1¢W ) ] } . (49)

M} and &52 can be defined similarly for ¢ = U, B.

~17

t

By definition, M} = Z) , where E' is the expenditure on the differentiated goods in country
r,-'L

E'=B8I'=3(L'+TR'),

*BEY_ *BE ~
$Note that in the formulas below MfE % and (be =
917" 7=
I ¢t (¢)do . These formulas differ from the original definitions used before,
G(¢:BE)-a(93PF) $*BE

and we choose to redefine them to simplify the interpretation. For instance, now MZP¥ is the mass of Bangladeshi
exporters to the EU, who do not invoke ROOs, while previously MZZ included both exporters who invoked ROOs
and those who did not.

13



and 7; (gbtz) is the average revenues earned by firms, who sell in country ¢. Note that

i\ o—1 i o—1
@)= () e ()

Since p (%) = %, equation (47) can be written as
p

t

, ENT7 1
Pi= (= —_— 50
<0f> py™ (50)

Note that if countries have the same income (for instance, if tariff revenues are not included into
the country’s income, so that E? = SL for any i), then the country with the highest cutoff level for
domestic firms has the lowest price index and, as a result, the highest level of welfare. Also, to the
extent that tariff revenues are a small share of national income, their effect can be outweighed by
the price index effect. We use these results on cutoff and price index rankings to derive our results

in the body of the paper. We can also derive some further results.

1.4 Some Further Implications

There is an interesting implication of our results so far, namely, that preferences given by developed

countries might not be in their own interests.

Proposition Relaxing ROOs on Bangladeshi exports can reduce welfare in the US and EU if tariff

revenues effects are small.

Proof: The proof of the last result is the following: trade policy, which makes ROOs for Bangladeshi

firms less restrictive, is equivalent to a fall in Aggo and Aggo. This leaves unaffected the

14



argument that ¢*V > ¢*F. However, the fall in ABE ) and ABY ) will at any ¢*V raise

U
#7 =T («m Iz (o)) - deJ (afoart e (o)) - Yt D)y *U)>

[ f
(51)

and shift the flatter curve in Figure 3 upwards. This will increase #*P and reduce ¢*V and
#*F. But, as shown below, this will tend to raise the aggregate price index in the US and EU
and reduce US and EU welfare for a given level of tariff revenues! Relaxing ROOs makes
the average Bangladeshi exporter less productive, and the average firms selling in Bangladesh
more productive, thus, raising the price index in export markets and lowering it in Bangladesh.

This is consistent with the harmful unilateral liberalization results of Melitz and Ottaviano

(2005).
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