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Trade-comovement puzzle (Kose and Yi, 2006):
o Cross-country data: more trade, more output comovement

o Frankel and Rose (1998), Cleark and van Wincoop (2001), Calderson Chong
and Stein (2002), Otto, Voss and Willard (2001), Bordo and Helbling (2003),
Baxter and Kouparitsas (2005), Kose and Yi (2006) Inklaar, Jong-A-Pin and
de Haan (2008), diGiovanni and Levchenko (2010), Johnson (2014)

e Standard transmission mechanism of productivity shocks implies a weak
endogenous relation at best (Backus, Kehoe and Kydland, 1995)
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de Haan (2008), diGiovanni and Levchenko (2010), Johnson (2014)

e Standard transmission mechanism of productivity shocks implies a weak
endogenous relation at best (Backus, Kehoe and Kydland, 1995)

Standard transmission mechanisms of productivity shocks inconsistent
with a positive effect of trade on business cycle comovement.
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WHAT WE Do

1. Provide the foundational analysis of the trade-comovement puzzle:

o Characterize forces linking trade and comovement in standard theory

o Explore several straightforward extensions this analysis points toward

2. Among them, identify an effective resolution: dynamic trade elasticity.
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Basic IDEA

@ In standard theory, elasticity between home and foreign goods is static:

.
c+i= (w%dp/;'l +(1- w)%fp;l) o

where p ~ 1, consistent with business cycle frequency elasticity estimates.
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@ In standard theory, elasticity between home and foreign goods is static:

P _
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where p ~ 1, consistent with business cycle frequency elasticity estimates.
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where p = 15 and ¢ > 0, consistent with low business cycle trade elasticity.

e Approach firmly grounded in evidence: low SRE but high LRE
o Neutral for theory's business cycle properties

o Other desirable properties: see Drozd and Nosal (2012)
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PREVIEW OF MAIN SUBSTANTIVE RESULT

@ Result from an exercise a la Kose and Yi (2006):
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LITERATURE

1. Puzzle: Kose and Yi (2006)

2. Successful attempts to address the puzzle:

- Liao and Santacrue (2015), Johnson (2014): TFP comovement correlated
with trade

- de Soyres (2017): Markups-implied transmission of terms of trade shocks

- But: Johnson (2013) shows that industry level TFPs are insufficiently
correlated to resolve the puzzle.
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RoADMAP

1. Theory of Trade-Comovement Puzzle

o baseline results assuming full depreciation of capital
o extended results

o effect of dynamic trade elasticity

2. Quantitative Analysis and Results
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THEORY OF TRADE-COMOVEMENT PUZZLE

Drozp, KOLBIN AND 1



CanonicAL IRBC MmoDEL (BKK, ’95)

. Two symmetric countries (home/foreign)

. Goods differentiated by country of origin and tradable

3. RBC supply side (random productivity, endogenous capital and labor)

. Complete asset markets
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CanonicAL IRBC MmoDEL (BKK, ’95)

. Two symmetric countries (home/foreign)

. Goods differentiated by country of origin and tradable

3. RBC supply side (random productivity, endogenous capital and labor)

. Complete asset markets
Baseline: Capital depreciates within a period, no time to build

Full model: three countries, durable capital w/ convex adjustment cost

NOTE: NO DYNAMIC ELASTICITY YET!
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PHYSICAL ENVIRONMENT

Firms: Firms:
y = Ak®I1=® y* = Arkreprte
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HOUSEHOLD PROBLEM

Representative household solves:
> > B Prob(st)ule(s"), U(s"))
t st

subject to

1 p—1_ _p

o(sh) + k(s") = G(d(s'), f(5')) i= (WrdT + (1 —w)s f5 )7

d(s')+£(s")/p(s")+ D Qs B(s™) = B(s")+w(s)i(s")+r(s')k(s)

stt1|st

t

where p(s?) is the price of d in f, s* is history of shocks and

(1 -1

u(e,l) == -
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HOUSEHOLD PROBLEM

Demand for individual goods:

_ Gd(d7 f)
p =
Gy(d, f)
Labor-leisure choice:
uy(e,l
wGald, ) =~ 200
Consumption-capital choice:
7'Gd(d> f) =1

Efficient risk-sharing

ue(c, 1) c+k* d+flp

up(es,l*) - d*+ f*/p c+k
——

IMRS real exchange rate=:q
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FIRM PROBLEM

Firms maximize profits:

Equilibrium profits are zero: II(s*) = 0, hence

r= aA(é)lfa w=(1- a)A(%)a
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FEASIBILITY AND MARKET CLEARING

Feasibility

Assets are zero net supply globally:

B(s")+ B*(s") =0

Competitive equilibrium defined as usually.
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PLANNING PROBLEM

By welfare theorems, allocation solves:
max{u(c,l) + u(c*, ")}

subject to aggregation

c+k=G(d,f) = (wrdT +(1—w)7 f7)7T
c+k=G(f*,dY)

and production feasibility

d+d* = Ak
f"’f* ZA*k*al*l_a.

where A* and A follow an AR1 process.
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CONCEPTUAL FRAMEWORK
DEFINE TRADE-COMOVEMENT RELATION

SHOW HOW TRANSMISSION OF SHOCKS IS AFFECTED BY TRADE

CHARACTERIZE THE EFFECT OF TRADE ON COMOVEMENT




DEFINITIONS

Steady-state level of trade:

f

|
+
S

which, here, implies Z =1 — w.
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DEFINITIONS

Steady-state level of trade:

f

f+

S

which, here, implies Z =1 — w.

Output elasticity to foreign shock (S):

dlogy(A, A*

>>1

Olog A

S(z) = (510gy(A7A*)> <8logy(A7A*) .

O0log A*

Olog A*

Drozp, KOLBIN AND NOSAL:




DEFINITIONS

Steady-state level of trade:
i
f+

S

which, here, implies Z =1 — w.

Output elasticity to foreign shock (S):

S(@) = dlogy(A, A*)\ [dlogy(A, A*)  dlogy(A, A*)\
v dlog A* dlog A dlog A*

Theory-implied trade-comovement relation (£)

L(z):= di(;)
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DECOMPOSITION OF SHOCK TRANSMISSION
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DECOMPOSITION OF SHOCK TRANSMISSION

Define zero-sum transfers between the two countries:
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DECOMPOSITION OF SHOCK TRANSMISSION

Define zero-sum transfers between the two countries:

Ti=(1-1/p(s")f(s") +B(s") = Y Q(s"")B(s"™)

::Tp St+1|5t
Household budget constraint implies:
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DECOMPOSITION OF SHOCK TRANSMISSION

Define zero-sum transfers between the two countries:

Ti=(1-1/p(s")f(s") +B(s") = Y Q(s"")B(s"™)

st+1|st

=:T,

Household budget constraint implies:
d(s') + f(s") = y(s') + T(s")

d*(s") + f7(s") =57 (s") = T(s)
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DECOMPOSITION OF SHOCK TRANSMISSION

Define zero-sum transfers between the two countries:

Ti=(1-1/p(s")f(s") +B(s") = Y Q(s"")B(s"™)

st+1|st

=:T,

Within country transmission: Log-linearize equilibrium system by
assuming p and T exogenous processes.

Cross-country transmission: Close the equilibrium system for p and T.
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DECOMPOSITION OF SHOCK TRANSMISSION

Within country Cross country

transmission transmission

Households: Households:

UED) u(e, 1M
ct+k=06(d,f) ¢ +k* =G(f",d")
T
Firms: < P S Firms:
y= Akai-a y* — A*k*al'l_a

HOME COUNTRY FOREIGN COUNTRY




CoNDITIONS WE LOG-LINEARIZE
1. Aggregation constraint: ¢+ k = G(d, f)
2. Labor-leisure choice: wGy(d, f) = —%

3. Consumption-capital choice: rG4(d, f) =1

4. Demand for individual goods: p = %

5. Budget constraint involving T: d + f = Ak“I' = + T

6. Factor prices: 7 = aA(£)'=, w= (1 —a)A(%)~
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WITHIN COUNTRY TRANSMISSION

Log-deviation of home output from the steady state is:

A ita-g 1-g,
9(A;p,T) := + Tap - T
1l -« l—« l—«
N———— ——

substitution effect  income effect
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WITHIN COUNTRY TRANSMISSION

Log-deviation of home output from the steady state is:

P A l+a—-n 1—n,..
j(A;p, T) = p — T
YAPT) =+ oW~ 1,

———— ——
substitution effect  income effect

= Trade determines exposure to terms of trade via substitution effect:
p T— Ga(d, ) 1+ — I,k 1 proportionally to trade
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CROSS-COUNTRY TRANSMISSION

Step 1: Log-linearization of market clearing condition

=y,
y
gives
e (A AST) — gt (A, A T) + (L -2)T
AT = 2p(1 - 7)
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CROSS-COUNTRY TRANSMISSION

Step 1: Log-linearization of market clearing condition
+ * _ *
it

gives
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CROSS-COUNTRY TRANSMISSION

Step 1: Log-linearization of market clearing condition

it

gives

Hm—

A*.A._—A + (
C2(p(1-7) +

‘*%ZZ)T
<)

= Trade affects the impact of transfers on market clearing & hence p:

T 1— excess supply of good f — p 1 inversely proportionally to trade
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CROSS-COUNTRY TRANSMISSION

Step 2: Log-linearization of risk-sharing condition

u(c, 1) Ttk d—i—f/p:O
wi(e, 1) d*+ f*/p c+k '

=:q

gives

11—

(1+n(o —1)A=4" (1 - 2z9=2)p
20m/(1 — «) ’

T(A, A% p) = —
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CROSS-COUNTRY TRANSMISSION

Step 2: Log-linearization of risk-sharing condition

u(c, 1) Ttk d—i—f/p:O
wi(ex, I*)  d*+ f*/p c+k '

=:q

gives

11—

(1+n(o —1)A=4" (1 - 2z9=2)p
20m/(1 — «) ’

T(A, A% p) = —

= Trade has little direct effect on risk sharing, especially for a =~ 1.
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CROSS-COUNTRY TRANSMISSION SUMMARY

Trade affects general equilibrium feedback mechanism (/i =0):
e + (G +2507
2(p(1 — z) + 2+ 711E)

L 1+n(o—1))-4- — (1 —21=2)p
P A o LERE )G (- 2rE)

P(A, A% T) =

20m/(1 —a)
Intuition follows from the efficient risk sharing condition:
ue(c, 1) R d+ f/p 0
up(ch, 1) d 4+ [*/p etk
———
IMRS real exchange rate:g=(1—2%)p
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DECOMPOSITION OF TRADE-COMOVEMENT RELATION

Trade-comovement relation L is
Op(A, A* 9%p(A, A* 92T (A, A*
BAAY) | OAAY) T A
0A* OA*Ox DA*OT

income effect channel Ly

E—(l—n—f—a)(

substitution effect channel Lg

where functions ﬁ(fl, A*),T(fl, A*) pertain to the fixed point of:
5+ (G + 2T
2(p(1 — &) + z+ 77+O‘)

(1+n(c— 1)) —(1-2z7==)p
2077/(1 — )

P(A, A% T) =

T(A, A% p) ==
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DECOMPOSITION OF TRADE-COMOVEMENT RELATION

Trade-comovement relation L is

A o A l+a—n_ . 1—-n.-
9(A;p,T) := + Tap - Ty
l1—« 11—« l1—«
—— N——

substitution effect  income effect

0p(A, &) | _o%p(A,dv P4, A
BAAY) | 04 A) 0T AY
0A* 0A*0x 0A*0x

income effect channel L

L’:(l—77+a)<

substitution effect channel Lg

where functions p(A, A*), T'(A, A*) pertain to the fixed point of:
A* 1 a—n\
A AL A +(z +2=1)T
B, Ary ) w12 j:jjla

_ (o — D)5 — (1 —22E8)p
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REsuLTS: EFFECT OF TRADE ON COMOVEMENT
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ASSUMPTIONS

AsSUMPTION (RBC)

a=n=1/3.

ASSUMPTION (Home-bias)

0<Z<min{l/(1+0/2),1/3}
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SUBSTITUTION EFFECT CHANNEL OF TRADE

PROPOSITION

0p(A,A") op(A,A") | ~0%p(A,A")
oar— > 0and = =2— 4+ 2=—"—== >0, hence Ls > 0.

Drozp, KOLBIN AND NOSAL:



SUBSTITUTION EFFECT CHANNEL OF TRADE

PROPOSITION

0p(A,A") op(A,A") | ~0%p(A,A")
oar— > 0and = =2— 4+ 2=—"—== >0, hence Ls > 0.

e Terms of trade appreciates after the shock (foreign good is normal)

o Trade determines exposure of relative price of home good relative to
terms of trade
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DECOMPOSITION OF TRADE-COMOVEMENT RELATION

Trade-comovement relation L is

s A l+a-n_. 1-n.
9(A;p, T) = + nwp — nT
l1—« 11—« l1—«
———— ——

substitution effect  income effect

0p(A, &) | _o%p(A,dv P4, A
BAAY) | 04 A) 0T AY
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B, Ary ) w12 j:jjla
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INCOME EFFECT CHANNEL OF TRADE

PROPOSITION

If p>§2+—a, then%>03nd8—‘f)>0 hence L1 < 0.
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INCOME EFFECT CHANNEL OF TRADE

PROPOSITION

If p>3 §2+—0, then % >0 and%‘:ﬁ > 0, hence L; < 0.

@ Home country receives a net transfer from the foreign country

@ Transfers rise with trade because trade attenuates their impact on
relative price of consumption
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DECOMPOSITION OF TRADE-COMOVEMENT RELATION

Trade-comovement relation L is

I A 1 - 1—n.
G4 p,T) = pLlrezng, 1ong
1—« 11—« 1—«
—— N——

substitution effect  income effect

p(A, A* 25(A, A* 27 (A, A*
ap( ) )M@p(A ,_) _(1_77)8 T )_
DA* OA*Ox 0A*O7

income effect channel L

L’:(l—77+a)<

substitution effect channel Lg

where functions p(A, A*), T'(A, A*) pertain to the fixed point of:

w A4 (L 4 2emT

A AST) =

( ) Z(p(l_x)_'_jlln;ra)
AA A 1 o—1 7‘4*—1_25771*04A
T(A, A% p) = (1 +n( 227)771/(01((1) =a )P
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TRADE-COMOVEMENT PUZZLE

Ly L+ Ly

A\
AN
210.3\0°\-0.5\ L;=—1.2 Sk
N \

0.0 0.5 1.0 1.5 20
P P P

FIGURE: Model-implied trade-comovement relation £ for 7 = 5%.




TRADE-COMOVEMENT PUZZLE

@ Risk-sharing contributes to weak relation between trade and
comovement

@ Models that shut down risk-sharing potentially promising in resolving
the puzzle:

o Financial autarky (generally fails)
o GHH preferences (sort of work with higher Frisch elasticity)
o Very low elasticity p (only Leontief improves notably)

e Dynamic trade elasticity
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GENERALIZATION
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EXTENDED MODEL

Consider a two-period planning problem of the form:
masc{u(e, 1) +u(c, 1) + ulerr, o) + u(ely, 1)}
subject to

c+ 0k + Ak +¢YAK* = G(d, f)
cy1+ 0k — (1 = 8)Ak = G(dy1, f11)
d+d* = Ak + Ak)* 1
di +diyy = k*15°,

and same constraints for the foreign country, where k is stationary level
such that Ak =0 for A= A" =1.
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EXTENDED MODEL: RESULTS

ot A(T+T1) ok
BA* BA* BA*

Baseline 0.
0.12 0.004]
0.10 0.002}
Extended baseline 008
0.06|

1y

0 1 2 3 [ Ehid 1 2 3 4 5

FI1GURE: Transfers and capital accumulation in extended baseline model.

Notes: The figure assumes the following parameter values: p =5/4, o = 2, § = 1/20,
a=n=1/3 and T = 5%.




EXTENDED MODEL: RESULTS

9*(T+T41) op | ~_0%p
£ 9A* 0T 24 T Yooz

i 2 3 ) 5
o Baseline

-02)

Extended baseline 10 oAo%
03]
0.5f
-04] 05 s
aAax
05 1 2 3 4 5 1 2 3 4 5"

F1cURE: Decomposition of trade-comovement relation in extended model.

Notes: The figure assumes p=5/4, 0 =2, § =1/20, a =n=1/3 and z = 5%.
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DyNAMIC TRADE ELASTICITY
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ProToTYPICAL DYNAMIC ELASTICITY MODEL (DTE)

Consider a two-period planning problem of the form:
masc{u(e, 1) +u(c, 1) + ulerr, o) + u(ely, 1)}
subject to

c+ 6k + Ak +YAE* = G(d, f)
i1+ 0k —(1—-0)Ak=dy1 + fia
d+d* = A(k + k)11
dy1 +diy = k15,

and same constraints for the foreign country, where k is stationary level
such that Ak =0 for A= A" =1.
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ErrecT OF DYNAMIC TRADE ELASTICITY

L *(T+T41)
0A*0z
0.2 DTE extended baseline 2.0
2 3 7 s
""""" Extended baseline 0
0.5}

FIGURE: Effect of DTE for § = 1/20,0 = 2,p =5/4 and z = 5%.
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ErrecT OF DYNAMIC TRADE ELASTICITY

O%(T+T41) 8%¢
dA*9z dA*9z

20l Extended baseline

1.5)

1.0]

0% DTE extended baseline

5 FRS e S 11y

1y

1 2 3 4 5

FI1GURE: Effect of dynamic trade elasticity on income effect channel in extended
baseline model.




KEY INTUITION

Consider a storage economy
max{u(e) + u(c") + ulesr) + u(ci,)}
subject to

¢+ Ak = G(d, f)
cr1—Ak=dy+ fu

d+d"=A
dii+dy, =1,

and same constraints for the foreign country.
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KEY INTUITION

PROPOSITION

Consider any positive productivity shock abroad AA* > 0,AA = 0:
Then, c=cy1 =c" =c}q, and

do(Ak) T « 100 — 4%

dz o(Ak) a2 <100

e For z = 5%, a one percent increase in volume of trade raises the
volatility of Ak by 20%!

o In extended baseline DTE with ) = 0, this number is from 24% to 26%
depending on p € [1,2]
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KEY INTUITION

@ How to smooth out a surge in supply of good f by some A >0
without changing d/f and d*/d* in first period?

5t s ]

Ak _ |~ 1j25;
3]~ [ 2]

1-2%

Inversion implies:
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KEY INTUITION

Storage technology can smooth out the shock

But as trade rises, volatility of Ak increases

@ In our model volatility of capital is penalized by the convex adjustment
cost and decreasing marginal product of capital

@ The result is a countervailing effect of trade on transfers
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QUANTITATIVE RESULTS FROM EXERCISE A LA KOSE
AND Y1

FIGURE: Slope of trade-comovement relation: Fraction explained.

Model Model slope relative to data est.
Baseline 20%
DTE 64%
DTE low SRE target 80%
FA 25%
GHH baseline Frisch 29%
GHH high Frisch 2 50%

Notes: The table reports the implied slope between trade and comovement (output
correlation) by each model variant relative to the corresponding value for the data.
Data value is derived from the OLS regression. The slope value for the models has
been calculated by increasing bilateral trade intensity from the median value to 90th
percentile, and accordingly adjusting trade openness with rest of the world.
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CONCLUSIONS

e Trade-comovement puzzle associated with a sizable effect of trade on
income (wealth) effect of shocks

@ Modeling low short- and high long-run trade elasticity largely resolves
the puzzle

o Trade-comovement puzzle is best interpreted as imposing empirically
viable parametric and structural restrictions on the standard
transmission mechanism as opposed to rejecting it outright.
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RELATION TO FIRST-ORDER CONDITIONS

Tp+ 4 —rGq(d, f)=1,r= ocA(é)l*a
1—-n_. 1—-n. w(el)
_ T e __wls
1-— Ozzp l-a « wald, f) ue(e,l)
pTp+ i+ T ep=GadD) T et k=G f)

P=
(L=2)pp+§+T e
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ALLOCATION SATISFIES STATIC PLANNING PROBLEM

By welfare theorems, allocation solves:
max{u(e, 1) + u(c*, ")}

subject to aggregation

ctk=Gdf)=(wrdT +(1—w)rf7 )T
c+k =G(f,dY)
and production feasibility

d+d* = Ak
f+f* ZA*k*al*l_a.

where A* and A follow an AR1 process.
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