B Online Appendix (not for publication)

This Online Appendix provides some additional results referenced in the paper.

B.1 Proof of Corollary 1

The proof is the same as in a single-sector case, but done with slightly different notation.

B.1.1 Preliminary

The system is rewritten in the following form by redefining §; = ;Y.

X = KyndjY;

s
BY, = ) X;
J
%5 B

where 3 B = 1. The new set of o and 3" is o = 15 and " = % Actually it turns out
that it is easier to show existence and uniqueness of the system with this notation. However
we need to show that it suffices to establish existence and uniqueness for o* and $*. The
following lemma tells that the mapping between these two is one-to-one so that if the system

has an property for (a*, 5*), then the (original) system has the same property under (o, (3) .
Lemma 7. There is an one-to-one mapping between (c, B) and (a*, *)if 5 # 1.

Proof. Fix («, B), then (o, 5*) is uniquely pinned down. Fix (a*, 5*), then there exists an
unique S such that

B*
p= .
1+8
Then «* is uniquely pinned down by a = (1 — ) o* = 11;* ]

Lemma 8. Denote the function from («, 8) as f. Then f (D) = {(a*, 5*);a*,8* < 0,a* — 1 < 5%},
where D = {(a,8) € R*a,3<0 ora, 3 > 1}.
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Proof. Take («, ) € f (D). Namely

(6%
=1-3
. P
5—m-

Then if @ and 3 are both negative, then, o and * are both negative. Also

a*—l—ﬁ*: — <0

which implies (a*, *) € {(a*, 5*);a*, 8* < 0,0 —1 < *}. Suppose «, 5 are greater than
1. Then both a* and * are negative, and

a—1
< 0.
1-8~ 0
Again we have (a*, 8*) € {(a*,8*);a*, 0" < 0,0 =1 < g*}.
Fix (a*, f*) € {(a*, f*);a", * < 0,a* — 1 < *}. Then define (a, §) as follows.

af—1-p0"=

Then if 1 4+ g* < 0, then

14 p*

If 1+ p* > 0, then both are negative. Namely (a*,5*) € f (D), which completes the
proof. O

Lemma 9. Denote the function from («, ) as f. Then f(D) = {(a*, B*);a*, * <0},
where D = {(a,8) € R* o, <0 ora>0,8>1}.

Proof. Take («a, 5) € f (D). Namely




Then if @ and /3 are both negative, then, o* and 5* are both negative,which implies (a*, 8*) €
{(a*, 5%);a*, B <0} . Suppose @ > 0 and > 1. Then both a* and f* are negative. Again
we have (a*, 8*) € {(a*, 8*);a", p* < 0,a* — 1 < g*}.

Fix (o, %) € {(a*, 5*);a*, f* < 0}. Then define («, 5) as follows.

Then if 1 4+ g* < 0, then

>0
148 =
Y

148 =

p

If 14+ 8* > 0, then both are negative. Namely (a*,5*) € f (D), which completes the
proof. O]

These lemmas imply that if we can establish existence (uniqueness) on (a*, 3*)-space, then
under the associated (a, ), we can show that the system has a solution (unique solution).
Strictly speaking, we loose uniqueness result when g = 1.

From now on, for notational convenience, we omit the star “*”. From the previous lemma,
it suffices to show that if (o, 5) € f (D), the system

X5 = Kj7ojY;

vo= 22X

s
By, = Zsz'
J
 — BAY(5)P
Yz - Bz/yi (5z>

5 =TI

t

has an unique solution. Then for («, ) € D, the (original) system has an unique solution.
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As we did in a single-sector economy, we can re-define variables as follows.

xi:ﬂ/z <5l>
yfz()(())

« = (o)
o = H(af) =TI

= [H (yﬁ)et] = ()77

Here z;, loosely speaking, represents the aggregate price index for country ¢ P;. The power
a — B is 7 for Armington with intermediate case, and (6;) ' = (y5) = (P?)" .

Then we can express (i, 0;,07) by (x;, v, 2i) -

6 = (z)7 77 (=(P)")
(%’)a_l = (Bi>_1xi(6i)_ﬁ
-1 __1\ B
= (B) @i ((z) )
o= (BT ()7 (2) T
6 = (u)"

Then substituting these (7;, d;, 67) into the equilibrium conditions, we get
T, = ZZB K057 (67)°
= ZZBJ-K”- y2) " (By)TE (25)7°T (z) TR (2) 7R
:ZZ B ()= (45) ()77
y, = (6;) = Z ﬁ]
1

=Z@w*mﬁwﬁwwﬁm
J
¢\ (@=8)
510
Zi = H((yz) ) :

s
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The system is finally written in the following form.

a 1

no= DKL BT (@) () ()

1 1 B

v o= Y K (B)TH(By) T (a) 7T ()@
j

5 = H((yf)9t>(am-

S

B.1.2 Existence proof

The existence proof consists of two steps. First we consider the following system.
S = = S -1

D5 2y K (By) e () (yj>

1 _a -1

D e K (BT ()= () (25)™

vio= D KG(B)TH(B) T () () T
J

Zi = H((yf)9t>(a_ﬁ)-

S

Z;

Then we know that x; is bounded since we normalize z;. The following lemma ensures that

we can obtain the bounds for y; and z; under certain conditions.
Lemma 10. If a,8 <0 and o — 1 < B, then y; and z; are bounded.

Proof. First we construct (candidate) bounds, and show that actually they are bounds.

Suppose that
my <yp < My
Suppose that a, 5 < 0,0 > 3, and o — 1 < 3. Then z; is bounded as follows

(my)aiﬁ <z < (My)aiﬁ'
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Then

1 1 N~

y; = Z K3 (By) ™ (By) ™o ()71 () z

s
S max [Z K5 (B~ (Bj)‘”] (myg) T ((My)a’5> (o=
j

TV
écy
B

= C, (my)7 (M) 7T

vi = min [Z K5 (B;)™ <B»‘a—1] (M,)= (m,
J

~~

Y
=cy

It is easy to show M, > m, since afiﬁ > 0.

Now suppose that a < 3. Then z; is bounded as follows

(My>a_ﬁ <z < (my)a_ﬁ'
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Then

Note that afi 52> 0. Therefore M, > m,,. O

Since we bound the variables, existence follows immediately from the Schauder’s FPT.

Lemma 11. (Scaling) Suppose that (z;,y;, z;) solves

S 1 o s —1 i%
5,5, K (B ()75 () (z) 7
5 = ot s\ 1 B __1_
Zi»sd K3 (Bj) e ()T (?/J) (z) 7ot

_ 1 1 B
vo= KB (BT (a)7 ()@
J

2= (")

S

€

Then
s __a a s\ —1 B
> B (B) 75 ()7 (y5) (2) T =1,

Z7S7]
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Proof. Define A\, for notational convenience.

1 _a_ — B 1
o= 3Ky (BT ()2 () ()7 pa
1,8,

1

5
Multiply [(Bj)ﬁ ()T (%) (a—ﬂ)(a—U] for the first equation and take a sum w.r.t. i.

B

S |(By) T ()7 ()@
z;)a1

[ —

Az

1

(y;)q (Zj)(a‘ﬂﬁ“‘” [(Bi>7ﬁ (z;)a1 (zi)m]
_ Zz [(Bz)_ﬁ (l‘l)ﬁ (zi)(afB)B(afl)]
D2 (K3) [(Bz‘)fﬁ (ml)ﬁ (ZZ)W} (Bj)ﬁ (:v])ﬁ (yj)—l (@)W

LY K (B (

1

o 8
Also multiply [(Bl)ﬁ (z)aT (y2) " (zi)ai—ﬂa—l} for the second equation, and sum up w.r.t.
i,S.

b= = ! 8 1 o B__1
S i 50 K (By) 5T ()7 ()@@ [ (By) T3 ()7 () (20) 71 |
> [(B) ™ (@) ()77 =] B
\i:,l_/
X X K (BT (@) ()T [(By) T ()7 (y) 7 ()7

This lemma tells that it suffices to prove existence for

JE] 1

B a—1
—1

xTr; =

22 1 wj)ﬁ (27)77 (yf)_l (25)°
S K5 (BT ()77 () ()77

1

S S S\ - — 7[3
Yi = Z K3 (B7) ' (Bj) e (25) o (25) e=Pe=D
J

z = H((yf)0t>(aﬁ)-

S
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B.1.3 Uniqueness proof

Proof. Suppose that there are two solutions. As in a single-sector case, we can take one of

the solutions as follows without loss of generality
Suppose that o < § < 0. Then we can bound z;.

(Ny)aiﬁ <z < (ny)aiﬁ-

Then we can bound the maximums of x; and y; and the minimums of them as follows.

N\ (N,\ait!
ez < (X ]
o) =)
NN\ N\ A
G =)
Ty Ny

Since there are two solutions, one of the inequalities is strict.

N,\TF  [N,\*T
1<(_J <(_) <1
Ny Ny

which is a contradiction. Therefore the system has an unique solution.

As for z, it is easy to show

As for y, we get

Suppose that « — 8 > 0, and «, 8 < 0, and o — 1 < . Then we can bound z;.
(ny)a_ﬁ <2 S (Ny)a_ﬁ'

Then we can bound the maximums of x; and y; and the minimums of them as follows.

1 B
N:E a—1 Ny a—1+1
-z < |
Ny Ny
N\ at N, a1
) <[ == )
Ny Ng

Since there are two solutions, one of the inequalities is strict.

1 1
N\ 51 /N,\+1
1<(_> <(_) <1,
o Ny

As for z, it is easy to show

Then as for y, we get



which is a contradiction. Therefore the system has an unique solution.

B.2 Proof of Corollary 2

Proof. As we did in the general equilibrium trade models, we analyze a transformed system.

1 @ l—a
xTr; = )\E Kz'jB}iaiﬁngrBily?ﬁLBil

J J

Y = )\ZK Bl a=p a+ﬁ51yg+g—1
i J
A = ZBi:Eio‘yZ
ol-p) _op
A = Z <Bl a=F .. a+5 ylaﬂal)?

i

where

d+e

Bi — CiBil_a_ﬁ

() - (R

B.2.1 Existence

Proof. We first prove existence. From Theorem 1, there exits (x;,y;) satisfying

— l1—a—p a+[1‘ 1 a+,8 1
T, = E KUB y]

1-8 s
_ =B . +/:f 1, afp-1
Yyi = E KyuB; " "z} y; .

Consider (z;,9;) = (tz;, sy;) . Then it is easy to show

lo—o 1o 71_;_[3 _a 1-a
tl’i = { otp-1g atp-1 E KUB (tl'j)(""ﬁ_l (Syj)a""ﬁ_l

sy; = 1 T Tgl e e 1ZK Bl a—p tm)aJrB 1 (Sy)aJrB T
since (z;, ;) solves (56) and (57) with A = 1.
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Set (t,s) as follows.

tl Oz+5 1g C¥+ﬁal e ZB;_g_ﬁ (tx) a+ﬁ 1 (Sy> %ﬁ—l
7

11—«

ZB tIZ Syz B = tc(l_a+%—l)3_ atB—1 .

This is a system of a log-linear equations. The solution to the system is given by

—l—a+a “Ata—a -1 % o 18 V8
! = exp % iéi,ﬁ 16 1Og <ZZ Bz'l E (,IZ) at+p—-1 (yl) a+5,1>
; (1 i log (2. B (2" (w)°)

_%,870_0‘ a+ﬁ 1_5

Then (7;,y;) solves the system (56) to (59). To see this carefully, note that (z;, y;) solves the

following non-linear equations.

11—«

ZEZ- = tl aTA-1 1g™ a+ﬁ 1 E K; B1 1-a=f ~j)“+?"1 @“j)aw—l

= a+l3 Tg™ T ZKngl o 5 )a+[3 T (gj)amq

@;- g t a}rzf 13 onrB 1 ZK Bl o= B .)omlL_B[il (gj)a+g71

1-8 B

= t a+,8 Tg™ a+/3 1 ZK B1 o= ﬁ j)a+ﬂ—1 (gj)a-‘-ﬁ—l_

From the construction of ¢ and s,

e 11—« —a —& 1-8 B
tlm T T g a4B-1 (—t T 1g™ e 1) = E BT (tay)*e+mT (sy;) eFpT
i

= A

Therefore (56) and (57) are satisfied. Also the world income is normalized since

ZB 75 @) = [t<1fﬁ64)sfﬁ]c

which completes the proof of existence. O

74



B.2.2 Uniqueness

Proof. We now prove uniqueness by contradiction. Suppose that there are two solutions
(x;,yi, A) and (5@-, Ui X) for (56) to (59), where A and X are the associated eigenvalues. Then

it is easy to show

11—«

)\K Bl a—fB 7 a+6 1yg+571
1 = ~] J
)
)\K Bl a— B~a+651ga+6 1-
1 — ~] J

2

Since (z;,y;, \) also satisfies the two integral equations, we have

~ @ 11—«
Z; by 2 Z; Z; i

Yj
T—a—B = a}rﬁﬁl"’ong 1 1= —B_
Yi )\Z )\K]ZB Y; (xj>a+ﬁ 1 (yj>a+5 1
Ui A 37@' z; Yj '
Redefine the variables:
1 ~i7 1 fy/l? )\7
and the kernels:
11—«
H A AK’UBI a— B~a+[3 1”,!]]a+,8 1
ij = 7
5y 1—1—ﬁ~ i}€1~ +g—1
. 2 AKGiB; " Ty '
! Yi

Then we can assume, without loss of generality, that one of the solutions is <EZ-, §17X> =
(1,1,1), and the kernels satisfy for all j,

The rest of the proof is the same as one in Theorem 1. Hence, part (ii) of Theorem 1 can be

extended to include the alternative condition C.4” for economic geography models. O
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B.3 The “Universal Gravity” economic geography framework

In this section, we show how the economic geography model developed in Allen and Arko-
lakis (2014) can be mapped to the equilibrium C.4". We refer the reader to that paper to
discuss how the Allen and Arkolakis (2014) framework is in turn isomorphic to the economic
geography models of Helpman (1998) and Redding (2014) (amongst others).

In Allen and Arkolakis (2014), gravity takes the same form as in the Armington model,

so that K;; = Tilj’”, v = (%)1—0 and 0; = wiLipiafl. In addition, the labor supply adjusts
so that in equilibrium welfare W is equalized across locations: W = %ul The total labor
is assumed to be constant, so that L = > icg Li- Finally, both productivities and amenities
are allowed to depend on the local population: A; = A;L¢ and u; = 4;L%, where a and b
determine the strength of agglomeration and dispersion forces (and create the isomorphisms
to many different economic geography models.

To write the Allen and Arkolakis (2014) model in the universal gravity framework, we use
the welfare equalization requirement to substitute for the price index and apply the assumed
functional form for productivities and amenities. As a result, we can write the exporter and
importer shifters solely as a function of the aggregate welfare, the wage, the population, and

exogenous variables:

vy = Ao Lyl pale=)

T/l—0—0— 1+b(0—1
6 = W wg LY

We can solve this system of equations for the population and wages as a function of the

aggregate welfare W, exogenous shifters, and the exporter and importer shifters:

_ a(o—1) _ 1<1erb<a;1)) - ba(rrfll) - (11+béafli) S—
w; = W o1 Fem A e Dt g~ T 5e0) , T 03— Fea) § Fi-17em
W Lo ST - TR —DFea) ~ (o) e=TFea) s (TR e=DF50)
T L w1 L -\ o — oa — o — oa —0 o — oa o — oa
L’L = (1+b(oc—1)+oa) Al Uz’ ,y’b 51/

Since Y; = w;L;, we have:
1
§i = _327?5167

A
3~ (s R Cay e B eee Ty 1-b
— T (+b(c—1)toa . = ( o—1l)+toa) & (I1+blo—1)+oa = __1-6 =
where \ = W 0#Ge-DFa B, = A, U, , O = o roar and [/ =

a+1
(1+b(c—1)+0a) "
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Furthermore, from the aggregate labor market clearing condition, we have:

a (1-0) g 1
T ¢ JU - S o— oa) — o— oa T (d-0o o— oa o— oa
L:E:W =t A, (-0 5 IFie= D) ~ = ibe=14em § TFE—DTon
7
A=Y " O
7710
7

(1—0)

= 1 _7(1+b(051)+0a)—(1+b(0'*1)+‘7‘1) - _ g = 1
where C; = 14, u; » d = —yame=nTea M4 ¢ = amptnTes

Hence, Allen and Arkolakis (2014) satisfies C.4".

B.4 Existence and Uniqueness using Gross Substitutes Method-
ology (a la Alvarez and Lucas (2007))

We will illustrate the application of the gross-substitute property to prove uniqueness equi-
librium in an excess demand system. This is a necessary step in the proof of Alvarez and
Lucas (2007) but it is not sufficient, as a number of other properties need to be proved for
an equation to be an excess demand system, as we discuss below.

Because of the complexity of the system that we analyze we cannot apply the gross-

substitutes property directly to equations (4) and (5).
Brye'ol =) Kyd; (60)
J
Combining gravity C.1 with balanced trade C.(3) and condition C.4 yields:
BAfo) = Ky (61)
J

In order to find the equation that can be used to prove, we need to eliminate one variable.

sKsz' ﬁ
5@‘ _ (ZSES/Y ) (62)

By

Use (5) to express J; as

into equation (4), we obtain
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1

B
a Zs ’YsKsi B-1 ZS ’YsKs' B-1
B (L = Y (e ) T g e

‘ By jes Bﬂ}l
) D K.\ 71
4 21 ses Vstisj B
B <Z%Ksi> = Z (%) Ki; (63)

(07
ses jes 77

We define the corresponding excess demand function might be

B 1
1 %1 aﬁ#l o Zs PYSKS" o
Zi(V)=—|B""n "’ (Z%KSZ) _Z< %S.fya = Ky
3y

i ses j'es

This system written as such needs to satisfy 5 properties to be an excess demand system and
the gross substitute property to establish existence and uniqueness (see Propositions 17.B.2,
17.C.1 and 17.F.3 of Mas-Colell, Whinston, and Green (1995)). The six conditions are:

1. Z () is continuous for v € (A (RY))’

2. Z (vy) is homogenous of degree zero.

3. Z(y)-v =0 (Walras’ Law).

4. There exists a k > 0 such that Z; (y) > —k for all j.

5. If there exists a sequence w™—w’, where w® # 0 and w? = 0 for some 4, then it must
be that:

max;i{Z;(w™)}—o00 (64)

and the gross-substitute property:

6. Gross substitutes property: %“:) > 0 for all j # k.

Properties 1-3 are trivial by the way we define the system. Properties 4 and 5 are chal-
lenging and may require an analysis case-by-case which restrict further the set of parameters
that uniqueness applies. We thus only discuss the region where gross-substitutes applies. To
consider this system as an excess demand system and apply the tools originally developed

in Alvarez and Lucas (2007), we need to differentiate the expression above. We only use the
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bracketed term without loss of generality. We have:

= —p+2
0Zi(v) _ B g oty o S e\
= KjiBil_ﬁ ,}/’L e Z’}/SKSi - 5 Z KZ]’ SE—a]
; p—1 e B-1. 42 B
Sf2 lo' a—
_ 1 K. (Zses %KSJ') =1 | Ky By — aByyj ! > ses Vs Ksj
B-1""\ By Bjj
@ ﬁ a-lﬁ—ﬁgl ﬁ 1 Z s e ; —Bﬁjl?
:—K137 _ sKsi e — Ki" S s7°S
seS §'€S,5'#] j

—B+2
— 1 K <ZS€S VSKS].) Pt |:7]KJ] -« ZSES ’ySKsj’:|
F-1"\ By %

Let 8 < 0 and o < 0 then the expression is positive and the gross-substitute property
holds. Similar results can be easily established for § = 0, « < 0 and f < 0, a = 0. The
same cannot be, in generally, established if § > 1 or @ > 1 since the expression cannot
be signed in that case, and in particular we have found parametric specifications where the
gross-substitutes property may fail.?® Thus, the region that uniqueness applies with this

approach is a < 0,5 < 0.

B.5 Comparative Statics when § =0

Let us consider a particularly interesting special case, 5 = 0. We have in this case that the

equilibrium is characterized by

sKs' -
By =>" <—ZSGS’V J) K —

A
jes B

By )

a—1 J 1)

=y (— Bk,
jes ZseS7sKsj ’

which is the standard single-equation gravity model that we find in papers such as Anderson
(1979); Eaton and Kortum (2002); Chaney (2008). We can rewrite this system re-written

using C.4 as
Vi Kij )
Y= (— Y
jGZS ZSGSVSKSJ‘ !

28In particular, we analyzed the Armington case with intermediate inputs as in Section 2. We can show
that this model for ¢ = 3 and v = 1/4 corresponds to the case a, 8 > 1 but the gross-substitute condition
does not obtain in the case of many symmetric regions with symmetric trade costs or even two regions with
no trade costs.
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In this last equation the technique developed by Dekle, Eaton, and Kortum (2008) can be
applied (see details in Arkolakis, Costinot, and Rodriguez-Clare (2012)) so that computing
the changes in ; require only knowledge of changes in K;; and initial trade and output levels
across all the models that can be captured by this formulation.

Notice that given equation 62 and the above equation we have for § = 0 that we can

express the exporter shifter as a function of the importer shifter and parameters

S, Kb\ =
Vi = (T) . (65)

B.6 Proof of Auxiliary Lemma 5

We prove the two auxiliary lemmas used in the proof of Proposition3

Proof. The proof of Lemma 5 is quite straightforward. The summation of each row implies
that A€ = a@ and B¢ = b?, where ¢ is the identity vector. Thus ABE = Ab€ =ab¥,

and thus ab is the eigenvalue. Thus, Zj ¢;j = ab where c¢;; is the element of AB. O

B.7 Comparing the Fixed Effects Estimator and General Equilib-

rium Estimator

In this sub-section, we compare the standard fixed effects estimator to the general equilibrium
estimator developed in Section 5.2.
Using the “hat” notation from Section 4.2.2 and applying the gravity structure C.1 yields

the following gravity equation in differences:

~ ~

Xi; = Ky (66)

Suppose that the (log) change in bilateral trade frictions can be written as a linear function
of a vector of observables, i.e. In Kij = Tl’] i, and than an econometrician observes trade

flows with measurement error. Then taking logs of equation 66 yields:
thfj :ﬂlju—i—ln%—i—ln@—i-éij, (67)

where XZ are the observed ratio of trade flows between ¢ and j in period 1 to period 0,
Tij is an S x 1 vector of observables and TZ’] denotes its transpose, p is an .S x 1 vector of
parameters, and ¢;; is the measurement error. The goal of the econometrician is to estimate

1, i.e. the effect of the various observables on bilateral trade frictions.
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The fixed effects estimator

To provide a point of comparison for our estimator, it is helpful to first describe what
has become the standard method of estimating pu, which we refer to as the “fixed effects
estimator.” The fixed effects estimator estimates p using equation (67) by including a full
set of origin and destination fixed effects in an ordinary least squares regression framework.?”
Formally, the fixed effects estimator p* is the one that minimizes the squared error between
observed (hatted) trade flows and the gravity regression, conditional on the optimal set of
fixed effects:

[pp = arg min ( min ZZ <lnX° w—In%y; —ln5j>2> .

RERS \ 3, §,eRN

By taking first order conditions, it is straightforward to derive an analytical solution for p*

-1
i = (Zzﬁm@-) STy (X - ), (68)
) J ) J

where the estimated fixed effects are identified up to scale:
1 Ak 1 1 ) ™%
—NZlnvk:NZ (lan 13 >_NZ(lnij_Tij)
k j k

and:

lngj Zlnék NZ((lnX ]u> ;{Z(ln)@k Tku ))
k

We should emphasize that there are a number of attractive properties of the fixed effects
estimator, most notably that it is easy to implement, and, as long as the measurement error
is uncorrelated with the observables or fixed effects, it is a consistent and unbiased estimator

of .

29The fixed effects estimator is discussed in detail in the review articles of Baldwin and Taglioni (2006)
and Head and Mayer (2013). The latter review credits Harrigan (1996) as the first to use the fixed effects
estimator and Redding and Venables (2004) and Feenstra (2003a) for showing that the fixed effects estimator
could be used to control for the endogenous “multilateral resistance” terms present in general equilibrium
gravity models. Since then, the fixed effects literature has been used extensively in the empirical trade
literature.
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Comparing the fixed effects and general equilibrium estimators

To assess the relative benefit of the fixed effects and general equilibrium estimators of y —
given a known set of gravity constants a and /5 — we conduct a set of Monte Carlo simulations.
For each simulation, we draw a random set of initial bilateral frictions {K g} and a random
set of (time-invariant) income shifters { B;}. We then randomly assign half of the locations to
be “existing members” of a “multilateral trade organization” and ten percent of locations to be
“new members” of the same trade organization. Next, we suppose that the observed change
in trade frictions arises from the new members joining the trade organization; in particular,
we assume Kij = Aij 1, Where Tij is an indicator variable equal to one if either the origin or
destination is a new member of the organization and its trading partner is either an existing
or new member. For a given set of gravity constants, we calculate the equilibrium in both
periods.?® We then add idiosyncratic measurement error to the trade flows in both periods
and implement the two estimators based on these “observed” trade flows.?! We calculate the
coefficient of variation of the root mean squared deviation “CV(RMSD)” for both estimators
over five hundred simulations to assess their relative efficiency.??> We repeat this procedure
for varying numbers of countries, size of measurement error, and magnitudes of the effect of
the trade agreement (i.e. ).

The top panel of Table 2 presents the results. For the sake of readability, we highlight the
most efficient estimator under a particular set of simulation parameters in bold. As is evident,
which estimator is more efficient depends on the particular set of simulation parameters.
When there are a few number of locations, the general equilibrium estimator is more efficient
than the fixed effects estimator; this is because fixed effects estimator requires estimating
2N nuisance parameters, which reduces the degrees of freedom available for estimating p. In
contrast, with many locations and a large effect size, the fixed effects estimator outperforms
the general equilibrium estimator; this is because the first order approximation (28) is less
accurate the larger the effect size.

While the general equilibrium estimator often outperforms the fixed effect estimator,
its true advantage arises from the ability to exploit the general equilibrium structure of
the gravity model to overcome the common econometric concern of omitted variable bias.

For example, whether or not a country signs a trade agreement is likely correlated with

30We choose a = —% and = —%; see below.

31The results are very similar if we instead add an error term to K, i.c. Ky = Ti’ju + €45

2 | (58 (ereei)) . .

The CV(RMSD) is defined as i , where pt™“¢ is the true value of p, and pf, is

the estimated value for simulation m € {1,..., M}, i.e. the CV(RSMD) reports the ratio of the standard
deviation of an estimator to the true parameter value. Like the root mean squared error, the CV(RMSD)
is a statistic that combines both the accuracy and precision of an estimator; unlike the root mean squared
error, its value is not dependent on the size of pmve.
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unobservable variables (e.g. expectations about future trade flows) that are also correlated
with observed trade flows. Such omitted variables will result in biased estimates in a typical
gravity equation. However, because the identification in the general equilibrium estimator
relies on the effect of particular bilateral observables have on all bilateral trade flows, one can
estimate p using only trade flows between locations that did not choose to sign a particular
trade agreement. That is, the decision of country ¢ to join a trade agreement will have a
general equilibrium effect on trade flows between countries 5 and k. This general equilibrium
effect can be used to infer the effect of a trade agreement without the need to directly consider
how the trade flows of country ¢ change.

To illustrate the power of this method, the bottom panel of Table 2 shows the efficiency
of the estimators when we include an omitted variable in the error term that increases the
observed period 1 trade flows®® by 5 percent only between countries in which one entered
the trade agreement.?* As is evident, the omitted variable biases both the fixed effects
estimator and the baseline general equilibrium estimator upward by an amount equal to the
size of the omitted variable. However, when we use the general equilibrium estimator but
exclude observations of trade between countries in which one entered the trade agreement
(the “GE - switchers” column), the effect of omitted variable on the efficiency of the estimator
is small. As a result, the general equilibrium estimator substantially outperforms the fixed
effects estimator as long as there are a sufficiently large number of countries to allow for the

indirect identification of the effect of the trade agreement.

33We choose to add the omitted variables to period 1 trade flows rather than period 0 trade flows in order
to introduce bias into the elasticity calculations used for the general equilibrium estimator.

34Because we interpret the error term as measurement error, this procedure should be interpreted as
capturing the possibility that countries who sign trade agreements have observed trade flows that are on
average b percent higher than their actual trade flows, while their actual trade flows are affected only by
the trade agreement. If we replace the measurement error with an endogeneous error term in the change

in bilateral trade frictions (i.e. kij = ﬂjv + ;5 where E [Tijaij} # 0), the general equilibrium estimator
excluding the “switchers” still outperforms the fixed effects estimator, although the differences in efficiency

are less stark since the endogeneous error term in this case also has a general equilibrium effect on trade
flows between all other locations.
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Figure 9: Optimal unilateral trade friction reduction for the U.S. (EK gravity constants)
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Notes: This figure shows the set of unilateral reductions in import trade frictions for the
United States subject to the norm of the total reductions remaining constant that maximizes
the welfare of the United States. Countries are sorted by deciles; red indicates a greater
reduction in trade frictions while blue indicates a smaller reduction in trade frictions. The
gravity constants used are those in Eaton and Kortum (2002).

Figure 10: Optimal unilateral trade friction reduction for the U.S. (AL gravity constants)
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Notes: This figure shows the set of unilateral reductions in import trade frictions for the
United States subject to the norm of the total reductions remaining constant that maximizes
the welfare of the United States. Countries are sorted by deciles; red indicates a greater
reduction in trade frictions while blue indicates a smaller reduction in trade frictions. The
gravity constants used are those in Alvarez and Lucas (2007).
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Figure 11: Potential welfare gains from unilateral trade friction reductions (EK gravity
constants)
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Notes: This figure shows the elasticity of each country’s welfare to increasing the amount
of unilateral trade friction reductions in the optimal way (i.e. the Lagrange multiplier of
equation (25)). Countries are sorted by deciles; red indicates a greater potential welfare gain
while blue indicates a smaller potential welfare gain. The gravity constants used are those
in Eaton and Kortum (2002).
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Figure 12: Potential welfare gains from unilateral trade friction reductions (AL gravity
constants)
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Notes: This figure shows the elasticity of each country’s welfare to increasing the amount
of unilateral trade friction reductions in the optimal way (i.e. the Lagrange multiplier of
equation (25)). Countries are sorted by deciles; red indicates a greater potential welfare gain
while blue indicates a smaller potential welfare gain. The gravity constants used are those
in Alvarez and Lucas (2007).
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Figure 13: World optimal multilateral trade friction reduction (EK gravity constants)
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Notes: This figure shows the set of country reductions in trade frictions (subject to the total
reduction of bilateral frictions being constant) that maximizes the world welfare (where the
country Pareto weights are those imposed by the competitive equilibrium). Countries are
sorted by deciles; red indicates a greater reduction in trade frictions while blue indicates a
smaller reduction (or even increase) in trade frictions. The gravity constants used are those
in Eaton and Kortum (2002).
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Figure 14: World optimal multilateral trade friction reduction (AL gravity constants)
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Notes: This figure shows the set of country reductions in trade frictions (subject to the total
reduction of bilateral frictions being constant) that maximizes the world welfare (where the
country Pareto weights are those imposed by the competitive equilibrium). Countries are
sorted by deciles; red indicates a greater reduction in trade frictions while blue indicates a
smaller reduction (or even increase) in trade frictions. The gravity constants used are those
in Alvarez and Lucas (2007).
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Figure 15: Welfare gains from world optimal multilateral trade friction reduction (EK gravity
constants)
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Notes: This figure shows distribution of welfare gains from an optimal multilateral trade
friction. In particular, we report the welfare gain each country would achieve if all countries
in the world were to alter their trade frictions in order to maximize world welfare (where
the country Pareto weights are those imposed by the competitive equilibrium. Countries are
sorted by deciles; red indicates a greater increase in welfare while blue indicates a smaller
increase in welfare. The gravity constants used are those in Eaton and Kortum (2002).
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Figure 16: Welfare gains from world optimal multilateral trade friction reduction (AL gravity
constants)
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Notes: This figure shows distribution of welfare gains from an optimal multilateral trade
friction. In particular, we report the welfare gain each country would achieve if all countries
in the world were to alter their trade frictions in order to maximize world welfare (where
the country Pareto weights are those imposed by the competitive equilibrium. Countries are
sorted by deciles; red indicates a greater increase in welfare while blue indicates a smaller
increase in welfare. The gravity constants used are those in Alvarez and Lucas (2007).
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