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@ SOE is a useful first step in analyzing the effects of shocks or policies
o Earlier attempts to consider SOE in new trade models:

o Flam and Helpman (1987): Krugman
o Alvarez and Lucas (2007): Eaton—Kortum
o Demidova and Rodriguez-Clare (2009, 2013): Melitz

@ We first revisit the SOE assumption in new trade models:

o Is there a problem as an economy's labor endowment — 0 ?
o If there is, can we fix it to obtain a well-behaved SOE?

@ We then use the SOE model to study comp. statics & optimal policy
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Contributions

@ General: a gravity model nesting all standard microfoundations

e Armington model w/ external economies of scale (EES)

e Eaton—Kortum model w/ EES

o Generalized Krugman model w/ nested CES preferences

o Generalized Melitz—Pareto model w/ nested CES preferences and

o fixed trade costs paid in labor of destination countries
o fixed trade costs paid in labor of source countries

o Kucheryavyy et al. (2022) + tariffs + Melitz—Pareto source case
@ Simple: only an economy’s export & import trade costs are adjusted

e as an economy's labor endowment — 0, it becomes “too open”
e to avoid this, trade should become more costly

@ Intuitive:

e graphical approach to comparative statics
o textbook derivation of optimal tariff formula
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e N + 1 countries: i,j =0,1,..., N (i: source, j: destination)

@ One sector, with varieties differentiated by
e source countries w/ CES n(> 1) (in all but Eaton—Kortum)
o firms w/ CES o(> 7) (in Krugman, Melitz—Pareto)

@ One factor: labor L;, wage w;

@ Two trade frictions:
e ad-valorem trade costs 7;;(> 1), 7; = 1
o ad-valorem import tariffs t;(> 1), t; =1

Our generalized gravity model consists of
@ Trade shares (expenditure shares j buys from i): \j

@ Price indices: P;
@ Trade balance (or equivalently, labor market clearing)
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t; [/ (AL w; t; () Ar) " w; VLY

i= —C N e P —C e YT
2ty /(AL 2w, >ty (/A= w, LY
o ¢ = —0In(X\jj/Njj)/0InTj: trade elasticity w.r.t. trade costs
o ( = —0In(N\;j/\j)/0In tj: trade elasticity w.r.t. tariffs
e p=—0In(N\j/Aj)/OInw;: trade elasticity w.r.t. wages
@ ¢: scale elasticity (w/ EES, elasticity of productivity w.r.t. labor)
@ «a = e£¢: output elasticity
@ ¢ = ( = p in Armington—-EES, EK-EES, Gen. Krugman
@ £ < ( in Gen. Melitz—Pareto:

e ¢ = p < ¢ w/ fixed trade costs paid in labor of destination countries
e £ < p=( w/ fixed trade costs paid in labor of source countries
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Price indices

P; = ow; ¥/ 6_1)[Z;(/\ij/fij)/(/-j/fy)]m_l[ZifJC(Tij/Ai)_aW,-_')L?‘]_l/z- |
2

&: model-specific constant

P = 6[Zi(t,‘J‘TijW,‘/A,')7EL?]71/E in Armington—EES, EK-EES, Gen. Krugman
[S:(Ni/ti)/(Li/ f)]/5~L: applies only to Gen. Melitz—Pareto
—(p/e=1)

Wi

. applies only to Gen. Melitz—Pareto source
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Trade balance

wiLi = 37 Njw;Ly; (3)
Nifty P/ A) g
L v G

Ajj

@ (3): i'sincome = i’s revenue, evaluated at pre-tariff import prices
@ Aj: expenditure share j buys from i, evaluated at pre-tariff import prices

Xij = AjXj,
Xi/(wily) = 1/32:( N/ tij)
=Xij/ti = [(Nj/ty) /221N t)]wiLy = Nw;L;.

o Xj/(wjLj) =1/3;(Nj/t;)(> 1): j's tariff multiplier*

'Felbermayr et al. (2015)
D, N, R (McMaster, Waseda, Berkeley) SOE in a Generalized Gravity Model Sep 2022 7/39




Equilibrium

Definition

An equilibrium is a wage vector w = (wp, wy, ..., wy) such that (3) holds
for all i.

Proposition

There exists a unique equilibrium.

Just invoke MWG's existence and uniqueness propositions! [
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Microfoundations: Armington—-EES

pPij = W,/(Z,L?)
e A;: constant productivity
@ ~: elasticity of productivity w.r.t. labor as EES
(t,JT,JW,/A) (n— 1)L(Ti 1)y
Z,(tUTUW//A,)—(n—l)L(ﬂ )y’
= [Ci(tyTiwi/Al)~ (n— 1)L(’7 1)7] 1/(n-1)

@ Tjj(> 1): iceberg trade cost of selling from i to j

o of T units shipped in i, T — 1 units melt away, 1 unit arrives at j
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Microfoundations: EK-EES

pij(w) = wi/(pL7),w € [0,1].
@ : random productivity ~ Frechet (¢, B;)

o Cumulative distribution: G;(y) = exp(—Bjp~?); B; > 0,9 > 0 — 1
Bi(tyTywi/L]) ™"
®;

-1/9 _ 91—
Py = 05K 0 = KIS By (w11,
EK =T(1+ (1 —0)/9)Y/ (=),

- (& = 5, Bi(tyTyw/L]) 77,

e I'(-): Gamma function
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Microfoundations: Gen. Krugman

pij(w) = wi/(pai)ip=1-1/c € (0,1).

@ a;: constant productivity

@ s inverse of constant markup

_ [t,-ﬁ,-jw,-/((ﬁe)*l/(ofl)ai)]f(nfl)Lgn—l)/(ff—l)

Sty /() D) DL
Pj = (SK{Zi[t,'j?,'jW,'/((f;-e)_l/(a_l)ai)]_(ﬂ—l)Lgn—l)/(f’—l)}—l/(n—l);
5K = gU/(o-1) 1

i

I

e f°: fixed entry cost in terms of i's labor
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Microfoundations: Gen. Melitz—Pareto destination

pij(¢) = wi/ (1p)-
@ : random productivity ~ Pareto (b;,0)
o Cumulative distribution: G;(p) =1 — bl ¢ € [b;,0),0 > — 1

7051,[(f;_j/f}j)b—l?ij/((f_E)fl/@b.)]*Gﬁw.iagLE

TSy U ) e () B
E={140[1/(n—1)—1/(c — )]} €[0,1],
1t=1+1/(c—1)—1/0 > 1,
>N/ ty) o _oe [ (/)" —1?’] —0¢ - —1/(05).
Fi=o [Lj/ﬁ,] {Z’t’j ) [ (F&)-1/9p; ] w; %L?} :
M =0/ — 1)1/,

o f;: fixed trade cost of selling from j to j in terms of j's labor
e ¢ =1 for 0 = n (standard Melitz—Pareto); £ | as ¢ 1 and/or i |
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Q1: Why is \j more elastic w.r.t. t; than w.r.t. 7;7

Firm ¢’'s revenue of selling from i to j:
rii(e) = pij(p)Tij x (tiTiipij(¢))~° x aggregate demand term
= —0Inrj(¢)/0Intj=0>0—1=—=0Inrj(e)/0InTj.
Zero cutoff profit (ZCP) condition:
mi(0i) = 0 & rj(ey) = t7 " [Fywi/ (i Py)* =7 (Py/ P)) X = ow;fy.

e ji: cutoff productivity of selling from i to j (m;(¢) >0 ¢ > @j)
@ Pj: j's price index for varieties from i
Relative cutoff condition:

t; 7 [Tiwi/ (e Pyl =7 (Py/P)) "X ow;fy
[w; /(o Pi)1=o (P /P 1X; owf
e/ = t5/ D T wy)(f/ ) (P Py) 7DD
=0In(pjj/¢j)/0Int; =0 /(c —1) > 1=0In(p;/p;)/0InTj.

.. @ij/pjj is more elastic w.r.t. t; than w.r.t. 7
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Q22 What is [Z,()\U/tu)/(Lj/f_U)]lil in PJ7

Domestic ZCP condition, tariff multiplier — domestic cutoff:

Wi/ (kg Pi)) =7 (Py/ Pi)' "X = owfy,
Xi/(wil;) = 1/32:(Ni/ ty)
= = oI (/) /S vy )] g Py DT e,

o (L;j/f;)/>i(Aij/tij) captures j's market size (incl. tariff multiplier)

o (Lj/fy)/>i(Nij/tiy) T — ji L larger mkt accomodates weaker firms
° ¢; L = MF(1— Gj(pj;)) T — Pj L. more surviving dom entrants
001t —1—-1=1/(c —1)—1/0 1 — above effect is stronger
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Microfoundations: Gen. Melitz—Pareto source

Only different assumption from destination case: fj is in terms of i's labor

I (70 S TA (U B ) I/
Sty T ) e () b, L
e={1+011/(n—1) -1/ - D} €[o,1],
t=141/(c —-1)—1/0 > 1,
0D {z (A/f/r)} - { o {(?fi/e ')‘>/b} - W,.—ea«Lf}l/wg);
M= (0/k —1)7H06K,

Compared with destination case:
@ JIn(Ajj/\jj)/0Inw; increases from 6¢ to 0t

° w; ~(71) is added to P; (so P; is linearly homogeneous w.r.t. {w;}¥ )
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Q1: Why is \j more elastic w.r.t. w; than dest. case?

Relative cutoff condition:

t; 7 [Tywi/ (e Py)1 =7 (Py/ P 7X; _ owif;
[wj/ (spig P)I* = (P / Pj)Y = X; ow;f
s/ ey = (tgwi/wy)”/ D7y (f /)Y D (Py/ Py) =D/ =D

=0dIn(pii/vj)/0mwi=0/(c —1) > 1.

wi/w; T — ¢ji/pji T (less exporters from i sell to j) via two channels:
@ Relative gross profit of exporters from i | (also in destination case)
o Relative fixed trade cost of exporters from i 1 (new in source case)

.. @ij/pjj is more elastic w.r.t. w; than destination case
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Microfoundations: summary

‘ Model | Armington-EES ‘ EK-EES ‘ Gen. Krugman ‘ Gen. Melitz destination ‘ Gen. Melitz source ‘

€ n—1 9 n—1 0¢ 6¢

4 n—1 9 n—1 0C1+1/(c—1)—1/6] | 6¢[1+1/(c —1)—1/6]
0 n—1 L4 n—1 0¢ 0Z[1+1/(c—1)—1/6]
4 v v 1/(c-1) 1/6 1/6

x=ep (=1 %y (1 =1)/(c-1) ¢ ¢

T 2 7 7 (i fip/ e D-1/07, (fi/ fi) V(e D-1/0g,,
A; A Bl/? (fe) Ve (F9)~ /%%, (F)V/8,;

) 1 OEK oK oM oM

Table 1: Mapping the five different trade models into the general model

@ ¢ = ( = p in Armington-EES, EK-EES, Gen. Krugman
@ ¢ < ( in Gen. Melitz—Pareto:

e ¢ = p < ( in destination case

e £ < p = in source case
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(1) for i = j, (2) — real wage:
wif Py = 1L/ )/ SN eI/ AL A

Welfare (real expenditure per capita X;/(P;L;)):
Wi = [1/5(0/t)](wy/ Py) = (Lj/ )= [/ (g )] 20 L ALY NG Y.
In autarky (A = 1, A\jj = OVi # j):
W = (Lj/ )/ 1o AL = W
Gains from trade:
GT; = Wi/ W = 2 IS O )]

o w/ tariffs, ¢ and \j; are not sufficient to quantify GT)
e GT)| is different btw Gen. Melitz—Pareto ({ > ¢) and the rest (¢ = ¢)
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A first look

Generalized gravity model:
by (m/A) Ly
- Sty (/A wy L

Nifty T (g AR w L
Sty 5y A w1
wili =32 NjwiLy.

Country Q's labor endowment:

i

LO = nzo.
As n — 0, country 0 becomes a SOE in the limit
To understand potential problems of a SOE eq., we first consider:
@ Two countries: i,j =10,1
@ Two popular examples:
e Armington or EK w/o EES (a = 0)

o standard Krugman or Melitz—Pareto (o = 1)
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Armington or EK w/o EES: Problem

0's trade balance (TB) (w; = 1):

ey—1-C_—e —p —&
Adtor "Tor Wo [ — A1t1o 710 7
AEt_l_C —€.,,— P A{-: 1= As —p A t —1-¢ _—¢ WonLo
ofor "Tor Wo T+ A7 oWo " T Aitig "Tig
=No1 =M1

LHS: 0's exports (1's imports), decreasing in wy
RHS: 0's imports, increasing in wy

Vn > 0, there exists a unique eq. wy € (0, 00) satisfying 0's TB

Problem: as n - 0, wg 00 = Ajg > 1 = Agg — 0
Ao — O prevents us from mapping model to data (where Agg > 0)

o

°

o

@ n) — RHS | for each wg — wp 1

o

o

@ Reason: as n — 0, 0's import demand — 0, which leads to wy — oo
o

Idea: what if 0's exports become more and more costly as n | ?
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Armington or EK w/o EES: Solution

Adjustment in 791 (0's exports become more and more costly as n |):

= npl/eR

701 T01-
@ Substitute this into 0's TB
e Multiply both sides by 1/n
o Letn—0
Aoty “Torwo”, _ Aty ‘mig o
z Ay At g

*. There exists a unique eq. wy € (0, c0) satisfying 0's TB = Agg € (0, 1)
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Standard Krugman or Melitz—Pareto: Problem

0's TB (wy = 1):

1 —e —p ¥ —1—¢ —
Adtor C7'01EW0 Lo L Aftig <7'105L1

0 = 1 Lo.
At Pl 4 AL - Atw Pnlg + At Cpep, OO
0'o1 o1 "o 0 1t1 0o 0 1t10 10 F1

=NAo1 =A1o

@ Problem: as n — 0, Ajg = 1 = Agg — 0 even if wy € (0, 00)
@ Reason: as n — 0, 0's mass of entrants (o 0's labor endowment) — 0

@ |dea: what if 0's imports become more and more costly as n | ?
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Standard Krugman or Melitz—Pareto: Solution

Adjustment in 710 (0's imports become more and more costly as n |):
T10 = nil/s%lo.

@ Substitute this into 0's TB
e Multiply both sides by 1/n
o Letn—0
Asto) rorwy Lo, At T L -
AcL L= e =p7 ep—1-C~—¢ Wo~o-
1l1 AWy "Lo + Ajtig "Tio L1

*. There exists a unique eq. wy € (0,1) satisfying 0's TB = Ago € (0,1)
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General case

Adjustment rule for N + 1 countries and a general a:

Lo = nZo,
T[)j = n_(l_a)/aﬁ)j,j = 1, veey N,

Tio = nia/s?;o, i=1,..,N.

@ Includes the two examples as extreme cases:

o Armington or EK w/o EES (o = 0): 70; = n_l/E?oj,T,-O =T

o standard Krugman or Melitz—Pareto (o = 1): 7o; = Toj, Tio = n~
o As a 1:

o adjust O's export trade costs less and less

e adjust O's import trade costs more and more

1 ~
/£%0
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SOE Equilibrium

Proposition
As country 0 becomes arbitrary small (i.e., as n — 0), the equilibrium
converges to the one in which:

1. (w1, ...,wpn) solves (3) for all i,j,| =1,..., N not including country 0;
2. wy solves

== 1~ _

N AEtOJ TOJEWO pLO ZI 1 I IO ¢ 10‘E Wi PLa =
Zj:l et —1-¢_—¢ —P a WJLJ e~—Pla —1— C —€ —P a Wol_o.
Zi ].AI ij Ty L A oo L + ZI 1 I IO Tio W; Li

)
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Sketch of proof of Proposition 2

Rewrite trade shares and trade balances using adjustment rule

@ Asn— 0, TB for i = 1, ..., N reduce to (3), not including country 0
= there exists a unique (wy, ..., wy), independent of country 0

e TB fori=0:

wonLo = AgowonLo + ZjN:IAQinLf
woLo = AgowoLo + Zszl(/\Oj/”)WjLJ

How is Agj/n like?

Aty (0~ 7)) wy “(nLo)”

As tng*C(nf(lfa)/sﬁ,-)fsng(nZo)a + AT W Ly

Noj =

nAOtOJ ’7'0 EWO_”LS‘ ~
= = nl\y;.

es—1-C~ -l a £ —&., TPl
nAGto o “wy P LG + 3 A t,J le w, P LS

Since /N\Oj = Ngj/n > 0 even if n — 0, TB for i = 0 implies (4):
SN 1 AgjwiL; = (1 — Aoo) o Lo: Moo = Ago.-
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Implications of Proposition 2

o There exists a unique eq. Wy € (0, 00) solving (4) = Ago € (0, 1),
which allows us to map model to data

@ All variables w/in countries 1 to N are determined independently of 0
= a limit-economy foundation for DRC (2009, 2013)
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SOE model with simplified notation

Omitting tildes and subindices “0”, SOE's TB (4) is simplified to:

X(w) = M(w); (11)
X(w) = DA*L*w™",

_ T wiki (C+1) /e~
= Zj IZ, : : t, —(¢+1) Tijiswiipl-ia y Txj = ty; Toj,
Ai(w)/t;
M(w) = Z = Ni(w)/ ,
1-31 ( 1/t:)/\( )
)\i(W) = P, ,Ppi = [Ti*/(AiL?)]E/pWi,T,'* = F7\:,'o.

AsLow- P+Z, et
@ X(w): SOE's exports (RoW's imports), decreasing in w
@ D: SOE's export market access, exogenous
@ M(w): SOE's imports, increasing in w
@ \i(w): SOE’s import expenditure share from i
@ pi: SOE's price of imports from i, exogenous
SOE's gains from trade:

GT=W/WA= X"V D+ o0 (/)] /. (12)
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Comparative statics

t; = tVi (no tariff-induced distortion across import sources) =

X(w) = M(w);
X(w) = DA*L*w™*
1—XAw)
M) = T ) "
Aw) = AE Lo P ,P‘pEZ,N:lPi_p’

AcLow=pP 4 t=CP—P
GT = Mw) YE[Mw) + (1 — A(w))/t]~¢/5.

): SOE's exports (RoW's imports), decreasing in w
e D: SOE's export market access, exogenous

e M(w): SOE's imports, increasing in w
o A(w): SOE's domestic trade share
e P: SOE's import market access, exogenous

o GT: SOE's gains from trade
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An increase in D increases w, increases X = M

X, M

M
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se in D increases w, increases X = M

X, M
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A decrease in P decreases w, increases X = M

M
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A decrease in P decreases w, increases X = M

X, M
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Summary on comparative statics

X(w) = M(w);

X(w) = DA*L“w™ 7,
__1-XWw)

MW) = T e aw) "

Aw) = AL

Aslaw—rp 4 t—CP—p’
GT = A(w) “[Mw) + (1 — A(w))/t] /<.
D1 —:
@ X > M — w 1 to restore trade balance - X =M ©
owT—-> Al —>GT?
Pl -
e X <M — w | to restore trade balance - X =M ¢
e for M 1 in spite of w |, we need A |, so GT ©

.. improved markt access in export or import increases SOE’s trade, welfare
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Effect of SOE's tariff increase on its terms of trade

Log differentiate SOE’s TB (11) (X = dIn x) — effect of t; on w:

dlnw  ¢+1 A
dlnt; A 1—A
A=1+p(1+A)>1.

A > 0; (13)

o tiT — X >M — w 7 to restore trade balance - X =M |
@ Just the opposite of P |
@ Since labor is the only primary factor, w 1 — SOE's ToT 1
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Effect of SOE's tariff increase on its gains from trade

Log differentiate SOE's GT (12), use (13) — effect of t; on GT:

88“;:1"1‘ (p/e)[L=A+C(N=N) Czl 1 /\A i—(C/e)(C+ D) — A

distortionary effect

(14)

terms of trade effect

ot T —:
o (+) terms of trade effect: w + — A | — GT 1
o (—) distortionary effect: aggravates under-imports — GT |

@ p 1T — [terms of trade effect| T — incentive to raise t; T
e ( 1 — |[distortionary effect| 1 — incentive to raise t; |
@ SOE's optimal tariff on imports from i, t;:

dInGT | 0
———|=tr =
Olnt; ’
or, |terms of trade effect| = |distortionary effect|
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SOE's optimal tariff formula

Proposition

The SOE's optimal tariff is given by

t—1=1/[(1+p)(¢/p) — 1¥i=1,..., N. (15)

e t* —1 > 0 in contrast to textbook SOE (where t* — 1 = 0)
o tF = t*Vi (" diff. across i affects ToT & distortionary effects equally)

e t* is increasing in p (given (), decreasing in ¢ (given p), as expected
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Further implications of SOE’s optimal tariff formula

*—1=1/[(1+p)(C/p) — 1Vi =1, .., N.

‘ Model | Armington-EES ‘ EK-EES ‘ Gen. Krugman ‘ Gen. Melitz destination ‘ Gen. Melitz source ‘
€ n—1 4 n—1 0¢ 0¢
4 n—1 9 n—1 0Z1+1/(c—1)—1/6] | 6¢[1+1/(c —1)—1/6]
0 n—1 9 n—1 0¢ 0Z[1+1/(c—1)—1/6]
| L 1 1
9 -1 (1+Hé)[1+1/(u 1)-1/6]-1 [1+1/(17 1)—1/8]

Table 2: The SOE s optimal tariff for the five microfoundations

e t*—1=1/p=1/e in Armington-EES, EK-EES, Gen. Krugman
e t*—1=1/p < 1/ein Gen. Melitz—Pareto source
o t* —1<1/pin Gen. Melitz—Pareto destination
@ For Gen. Melitz—Pareto, t* in destination case < t* in source case:
e for common p: ( larger in destination case
e for common ¢ and (: p smaller in destination case
e *.- compared with source case, in destination case
t T — RoW's exports | — SOE’s L demand | — weaker ToT effect
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Conclusion

What we got:
@ General gravity model nesting all standard microfoundations
@ Simple trade cost adjustment rule for a well-behaved SOE

@ Intuitive comparative statics and optimal tariff formula
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