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Figure A.1. : Transport markets between countries i and j in the absence (Panel A) and

presence (Panel B) of the round trip effect

Note: See Appendix B.B for further details.
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Figure A.2.: Positive correlation between container volume and freight rate gaps

Note: The gap variables are the normalized difference between the higher and lower volume directions.

Source: Drewry, Census Bureau, and author’s calculations.

Table A.1—: Regression of container freight rates within port-pairs

1) ) (3) 4)
In Freight Rates In Freight Rates In Freight Rates In Freight Rates

In Opposite Dir FR -0.179 -0.836 -0.823 -0.852

(0.0846) (0.0175) (0.0271) (0.0224)
In Distance 0.623

(0.0873)
Observations 3241 3241 1687 1552
Route FE Y Y Y
Time FE Y Y Y Y
Routes Balanced Imbalanced
R? 0.199 0.849 0.826 0.871
F 25.55 2284.8 9194 1445.8

Note: Robust standard errors in parentheses are clustered by route. All variables are in logs. Column (1) has distance and
time controls, Column (2) has route and time controls, Column (3) is restricted to only the second and third quartiles of the
US trade imbalance distribution from year 2003 (more “Balanced” routes), and Column (4) is restricted to only the top and
bottom quartiles of the US trade imbalance distribution from year 2003 (more “Imbalanced” routes).

Source: Drewry, Sea-distances.org, and author’s calculations.
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Panel A: Containerized Trade Value Panel B: Containerized Trade Weight
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Figure A.3. : Containerized trade value and weight (X;j;) are positively correlated with
container volume (Qj;;) within routes

Source: Drewry, Census Bureau, MARAD, and author’s calculations.
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Figure A.4.: (A) Distribution of transport cost gaps and (B) Positive correlation between
trade value and transport cost gaps

Note: Ratios are calculated as the normalized difference between the higher (front-haul) and lower (back-haul) values for
each origin-destination pair. Panel (A) is at the port-pair level while Panel (B) is at the country level
Source: Drewry, Census Bureau, and author’s calculations.
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Table A.2—: Regression of freight rates on trade

(1) (2) (3)
In Freight Rate In Freight Rate In Freight Rate

In Value -0.0881

(0.0230)
In Weight -0.123

(0.0178)
In Value/Wgt 0.175
(0.0420)

Observations 5684 5684 5684
R? 0.521 0.558 0.524
F 14.74 48.02 17.31

Note: Robust standard errors clustered by route in parentheses. Time and dyad level fixed effects are included for each
regression.
Source: Drewry, Census Bureau, and author’s calculations.

Table A.3—: Regression of freight rates on opposite direction trade

(1) (2) ®)
In Freight Rate In Freight Rate In Freight Rate
In Opp Direction Value/Wgt -0.160 -0.107 -0.172
(0.0417) (0.0365) (0.0421)

Observations 5684 5294 5684
R? 0.518 0.519 0.523
F 14.72 8.693 16.72
Without China Y
Without Fragmented Goods Y

Note: Robust standard errors clustered by route in parentheses. Time and dyad level fixed effects are included for each
regression. Column (2) replicate the regression in Column (1) but without China. Column (3) replicate the regression in
Column (1) but without products that are typically fragmented in the production process.

Source: Drewry, Census Bureau, Fort (2017), and author’s calculations.
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Figure A.5. : Distribution of tariff rates during the sample period

Note: Average change is 0.18 percentage points (sd 0.29). Effectively applied average tariff rates for manufactures (average
tariff is 4.2%, sd 3%).

Source: World Bank WITS, and author’s calculations.

Table A.4—: First-Stage Regressions of Containerized Trade Demand Estimates for OECD
Countries

) @
In Freight Rate  In Freight Rate

In Opp Dir Predicted Trade Value 0.0406 0.0370
(0.0115) (0.0113)

Ex-Time & Im-Time FE Y Y

Dyad FE Y

Product FE Y

Dyad-Product FE Y

Observations 116887 116887

F 12.38 10.70

Note: Robust standard errors in parentheses are clustered by route. Results are robust to clustering at the route and product,
dyad (two-way route), and dyad with products level. Trade outcome is aggregated to the HS2 level. The predicted trade
instrument is constructed at the HS4 level with Jan 2003 data using only OECD countries. Fixed Effects explanation: Ex-
Time FE is exporter country and time fixed effects; Im-Time FE is importer country and time fixed effects. Second stage
results are in Table 4.

Source: Drewry, Census Bureau, and author’s calculations.
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Table A.5—: First-Stage Regressions of Containerized Trade Demand Estimates for All
Countries without Fragmented Products (table 5)

@ @
In Freight Rate  In Freight Rate

In Opp Dir Predicted Trade Value 0.0144 0.0143
(0.00740) (0.00760)

Ex-Time & Im-Time FE Y Y

Dyad FE Y

Product FE Y

Dyad-Product FE Y

Observations 258532 258532

F 3.801 3.540

Note: Robust standard errors in parentheses are clustered by route. Products that are typically fragmented in the production
process (as identified in Fort (2016)) are removed from sample. All variables are in logs. Trade value, weight, and value per
weight are aggregated to the HS2 level. The predicted trade instrument is constructed at the HS4 level with Jan 2003 data
using only OECD countries. Fixed Effects explanation: Ex-Time FE is exporter country and time fixed effects; Im-Time FE
is importer country and time fixed effects.

Source: Drewry, Census Bureau, and author’s calculations.
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Figure A.6. : Out of Sample Fit

Note: Year 2014 parameter estimates are used to predict and fit year 2015 trade value (Panel (A)) and freight rates (Panel
(B)) data.
Source: Authors’ calculations using Census Bureau, Drewry, OECD, and World Bank WITS data.
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B.  Data Appendix

This section provides more information on the data sets in this paper as well as the use
of spot market rates.

CONTAINER FREIGHT RATES AND TRADE DATA. — Container freight rates data. These monthly
or bimonthly Drewry spot market rates are for a full container sized at either 20 or 40 feet.
In this study I focus only on 20 feet containers. These containers are for dry freight, which
means that they do not need to be refrigerated. Breakdowns are also available for some of
these freight rates. They include the base ocean rate, the terminal handling charge at the
origin and destination ports, and the bunker fuel surcharge.

The port pairs in my Drewry data set are between the three US ports (New York, Hous-
ton, Los Angeles and Long Beach) and the following ports: Australia (Melbourne), Brazil
(Santos), Central China (Shanghai), Hong Kong, India (Nhava Sheva), Japan (Yokohama),
Korea (Busan), Malaysia (Tanjung Pelepas), New Zealand (Auckland), North China (Tian-
jin), North Continent Europe (Rotterdam), Philippines (Manila), Russia (St Petersburg),
Singapore, South Africa (Durban), South China (Yantian), Taiwan (Kaohsiung), Thailand
(Laem Chabang), Turkey (Istanbul), U.A.E (Jebel Ali), UK (Felixstowe), Vietnam (Ho Chi
Minh), and West Med (Genoa)

According to Drewry, their freight rate data set can be applied to adjacent container
ports as well. I have not done this. An example is the port of Rotterdam. Since this port
is in the Netherlands, I have matched the freight rates to and from this port to the US
containerized trade data with Netherlands. However, this port represents the Drewry’s
“Hamburg-Le Havre range” which includes Antwerp (Belgium), Rotterdam, Le Havre
(France), Hamburg (Germany), Zeebrugge (Belgium), and Bremerhaven (Germany). As
such, I could have also matched these freight rates to US trade with Belgium, France, and
Germany. Another example is the port of Genoa is Drewry’s benchmark for the (Western)
Mediterranean region which includes Valencia and Barcelona (Spain). I could have also
matched the Genoa freight rates to US trade with Italy as well as Spain. I choose to restrict
my data set initially and match the freight rates literally to the country where their ports
are in.

Containerized trade data. The data on containerized trade is from the Census Bu-
reau, USA Trade Online. The containerized import value data excludes US import duties,
freight, insurance and other charges incurred in bringing the merchandise to the US. The
containerized exports value data are valued on a free alongside ship (FAS) basis, which
includes inland freight, insurance and other charges incurred in placing the merchan-
dise alongside the ship at the port of export. The containerized shipping weight data
represents the gross weight in kilograms of shipments, including the weight of moisture
content, wrappings, crates, boxes, and containers.

Matched data set. Since the freight rate data is at the port level while the containerized
trade data is at the US-port and foreign country level, I aggregate my freight rates data set
to the US port and foreign country level to match the containerized trade data. This results
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in some non-US port pairs in the same country that are redundant. In these cases, I chose
the freight rates from the port with the longest time series. One example is US and China
freight rates. Drewry collects data on the freight rates between the port of New York and
South China (Yantian), Central China (Shanghai), and North China (Tianjin). However, I
only observe the containerized trade between the port of New York and China from USA
Trade Online. In such cases, I choose the freight rate with the longest time series—in this
case South China (Yantian). All data were converted into real terms using the seasonally
adjusted Consumer Price Index for all urban consumers published by the Bureau of Labor
Statistics (series ID CPIAUCSL).

When matching between port-level freight rates to port-country level trade data, there
is the potential for measurement errors. However, due to the presence of scale economies
in shipping, most countries have one major container port where most of their goods
are shipped through. This applies to the majority of non-US ports in my dataset which
means that generally the port-level freight rates are representative of the rates faced by the
country. The only exception is very large countries with multiple big ports. In my dataset,
this applies to only one country—China. In my data, there are 3 Chinese ports which
handles more than 1 million containers annually so I chose the longest available time
series to approximate for US-China trade. In cases where the dataset only covers one port
for a region (like Africa—where there is only South Africa’s port Durban), my estimate
could potentially be a lower bound to the extent that neighboring countries” containers
are transported to South Africa and then traded to the US through South Africa.

USE OF SPOT MARKET RATES. — This paper uses a data set on spot market freight rates.
There are two main reasons for this: (1) data availability and (2) a variety of linkages
between spot and contract rates during the period of this data set.

In the past, price-fixing agreements among carriers (known as conference agreements)
on global shipping routes were successfully enforced because conference members are
required to file their contract rates with the FMC and these rates were publicly avail-
able (Clyde and Reitzes, 1995). In recent years, however, the FMC has introduced several
pro-competitive regulations to curtail the conferences” enforcement abilities: the Ship-
ping Act of 1984 limited the amount of information available on these contracts and The
Ocean Shipping Reform Act of 1998 made them confidential altogether. Today, confer-
ence members are able to deviate privately from conference rates without repercussion.
Unfortunately, the same regulations also enforce that these contract rates are off-limits to
researchers. My FOIA request with the FMC on April 2015 for container contracts was
rejected on the grounds that the information I seek is prohibited from disclosure by the
Shipping Act, 46 U.S.C. §40502(b)(1).!

Additionally, there has been a period of persistent over-capacity in the container ship-
ping industry which overlaps with my data period—2011 to 2016. The 2008 recession re-
sulted in an idling of the existing shipping fleet, at the same time that another 70 percent

I This information is being withheld in full pursuant to Exemption 3, 5 U.S.C. §552(b)(3) of the FOIA which allows the
withholding of information prohibited from disclosure by another federal statute.



VOL. VOL NO. ISSUE THE ROUND TRIP EFFECT A9

of that fleet was still scheduled for delivery by 2012 (Kalouptsidi, 2014). The recession and
the time to build lags contributed to a persistent over-capacity in the container shipping
industry, up to as much as 30 percent more space on ships than cargo, which contributed
to the 2016 bankruptcy of the world’s seventh-largest container shipping line (South Ko-
rea’s Hanjin Shipping, The Wall Street Journal). At the same time, a number of strategies
were implemented in the container shipping industry in order to smooth volatility. These
include negotiations of shorter-term contracts and cargo splitting between both rates,? in-
dexing of contract rates to spot rates (Journal of Commerce, 2014), and introduction of
hybrid contracts to allow for easy switching to spot rates (Journal of Commerce, 2016).

HUB AND SPOKE NETWORKS AND TRANSSHIPMENT. — In this section, I explain how the pres-
ence of hub and spoke networks as well as transshipment affects the results in this paper.
Hub and spoke networks. The presence of this mechanism would mean that my result
in Stylized Fact 2 can potentially be a lower bound estimate. I illustrate with an example:
say Singapore is the hub, the Philippines is the spoke, and without loss of generality
assume that Singapore exports more to the Los Angeles (LA) than the other way around
(if trade were balanced then the estimates would be much less affected). Through the
hub and spoke network, goods that LA is exporting to the Philippines would constitute
a relatively higher share of the cargo on a ship going from LA to Singapore. This means
that any shocks to LA-Singapore trade would be less correlated with Singapore-LA freight
rates since they make up a smaller cargo share of the transport supply. The presence of
this mechanism would weaken the correlation that I am finding in my Stylized Fact 2
which means that my current significantly positive estimate is a lower bound.
Transshipment. Similar to the explanation above, the presence of this mechanism could
also potentially result in the correlation in Stylized Fact 2 being a lower bound estimate.
To adopt the example above, Filipino exports to the LA would be transshipped in Sin-
gapore before being transported to the LA and LA exports to the Philippines would be
transshipped in Singapore before its ultimate destination in the Philippines.

C. Baseline Model Theory Appendix

MODEL WITH EXOGENOUS TRANSPORT COST. — In the exogenous transport cost model, the
cost of transport is the exogenously determined one-way marginal cost of shipping (c;;).

The delivered price of country i’s good in j (pg.xo) is as follows:
(A1) piY = wit; + ¢

The utility-maximizing quantity of i’s good consumed in j (quo) is derived from the
condition that the price ratio of i’s good relative to the numeraire is equal to the marginal

2Conversation with Roy J. Pearson, Director, Office of Economics & Competition Analysis at the Federal Maritime
Commission, January 2015.


http://www.wsj.com/articles/hanjin-shipping-bankruptcy-further-consolidation-unlikely-to-help-industrys-capacity-glut-1472841698
http://www.joc.com/maritime-news/international-freight-shipping/container-rate-indexes-run-contracts-crawl-futures-trading_20140114.html
http://www.joc.com/maritime-news/trade-lanes/trans-pacific/container-lines-suffer-brutal-trans-pacific-contract-season_20160601.html
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utility ratio of that good relative to the numeraire.’> The equilibrium trade value of i’s
good in j (Xg-x") is the product of the delivered price (pf]-xo) and quantity (qu’“’ ) on route ij:

—€
Exo € 1 ( )
o = — | W; T _|_ Cii
qij c—1 a;j itij ij
(A.2)
€ 1 € 1-e
xExo — ,Exo Exo _ il (wq—u + C“)
ij Pz] qz] c—1 a;j i tij ij
MODEL WITH ENDOGENOUS TRANSPORT COST & ROUND TRIP EFFECT: EQUILIBRIUM. — The

utility-maximizing quantity of i’s good consumed in j (g;) is derived from the condition

that the price ratio of i’s good relative to the numeraire is equal to the marginal utility
—€

ratio of that good relative to the numeraire:* g;; = [eelal <Tl)] where an increase in
ij

J's preference for i’s good (a;j) will increase the equilibrium quantity. On the other hand,
an increase in i’s wages, j's import tariff on 7, and the transport cost will decrease it.

The equilibrium freight rate for route ji is

a..
(A3) R 1 (wm]- + cw) S (w]-rﬁ), A=
] 1+ A]'i gl 1+ A]; aji

aqﬁ_w qiﬁxo
39iF i
standard CES demand because it is relative to the numeraire rather than relative to a bundle of the other varieties. If this
model is not specified with a numeraire good, this quantity expression would include a CES price index that is specific
to each country (in this case country j). I follow Hummels, Lugovskyy and Skiba (2009) in controlling for importer fixed
effects in my empirical estimates. This fixed effect can be interpreted as the price of the numeraire good or as the CES price
index in the more standard non-numeraire case. Stemming from this, the balanced trade condition between countries is

satisfied by the numeraire good.

3From equation (A.2), € is the price elasticity of demand: = —e¢. This equilibrium quantity differs from a

4 aqlﬁxu qlE_xU
From equation (A.2), € is the price elasticity of demand: W pé“’
i Fif

standard CES demand because it is relative to the numeraire rather than relative to a bundle of the other varieties. If this
model is not specified with a numeraire good, this quantity expression would include a CES price index that is specific
to each country (in this case country j). I follow (Hummels, Lugovskyy and Skiba, 2009) in controlling for importer fixed
effects in my empirical estimates. This fixed effect can be interpreted as the price of the numeraire good or as the CES price
index in the more standard non-numeraire case. Stemming from this, the balanced trade condition between countries is

satisfied by the numeraire good.

= —e¢. This equilibrium quantity differs from a
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The equilibrium trade price, quantity, and value of country j’s good in i is

1
R _ p .
pi = 1+ 4; (w,TZ] + Wi + c<7)
[ e 1 1 h
T e =Ta;1+ A; (wmf' Wi+ C?)
(A4) - : . e
R €
ﬂi]'
where Aj; = —
El]'i

In the special case where countries i and j are symmetric, the preference parameters in

both countries would be the same: a;; = a;; = a. As such, the freight rates each way be-
tween i and j will be the same—-one half of the round trip marginal cost: T;y "= T;y "=
%c?. The symmetric equilibrium prices, quantities, and values are a function of the do-
mestic wages and tariffs in both countries as well as the round trip marginal cost:

Sym __ _Sym 1
Pii =Pi =3 (w]'TJ'i +wiT; + C?)
S S e 11 €
(A5) qz’jym — qﬁym — [6—1a2 (w]"sz‘ + W;Tij + C7>:|

Sym Sym e 11°°[1 1-e
X3 = X" = L < M} [2 (w]-rﬁ + Wi + c?)}

COMPARATIVE STATICS WITH PREFERENCE CHANGES. — Consider an increase in country j’s
preference for country i’s good (4;;). The exogenous transport cost model makes the same
predictions where only j’s imports from i increases, with the exception that import prices
stay the same (equation (A.1)). In the endogenous model with the round trip effect, this
preference change will impact both imports and exports like in the tariff case. The only
difference here is that an increase in preferences would increase j's import prices from
i (equation (8)). This import increase is less than the import increase in the exogenous
model. The following lemma can be shown:°

Lemma 2. When transport costs are assumed to be exogenous, an increase in origin country j's
preference for its trading partner i’s goods only affects its imports from its partner. Its import

5See Theory Appendix for proof.
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quantity and value from i will increase while leaving its import price from i unchanged.

o} Exo o) Exo axﬁxo
Py =0, TS 0and = 5 0
aai]' 8aij aﬂi]'

When transport cost is endogenous and determined on a round trip basis, this preference increase
will affect both the origin country’s imports and exports to its partner. On the import side, the
home country’s import transport cost and price from its partner rises on top of the import changes
predicted by the exogenous model. The import quantity and value increase is larger under the
exogenous model.

BXE’“’ /aaij

aqu/aal] aXl] /al/‘ll]

R R R
M oo, Pisg, 2 g, 2%
aai]- aai]' aal’]’ Bai]-

R

>0,

On the export side, the home country’s export transport cost and export price to its partner falls
while its export quantity and value increases.

TR apR agR R
i, P g, T g T s
alll']‘ alll']‘ aaij aaij

D. The Round Trip Effect with Imperfect Competition

This section presents the theoretical implications of endogenous transport costs and
the round trip effect in the baseline Armington trade model when the transport firm
is imperfectly competitive—a monopoly. The setup of the model is skipped here since
it is the same as the baseline model. Under imperfect competition, the mitigation and
spillover impacts could be larger or smaller relative to the perfect competition, depend-
ing on whether the demand specification pass-through is greater or less than one. Below
I first show the profit function for the round trip monopolist transport firm, then I solve
for the equilibrium outcomes under both demand specifications.

THE ROUND TRIP EFFECT AND MONOPOLIST TRANSPORT FIRM. — The profit function of a mo-
nopolistic transport firm servicing the round trip between i and j (74) is as below:
i

(A.6) N% =Tj (%‘j) q9ij + Tji (%‘z‘) qji — €5 max{qij, q;i }

where all the notations follow from the model in the main theory model with the exception
here that the supply of the monopolist transport firm affects the transport price along each
route, T;;(q;;) and Tj;(qgj;).
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A profit-maximizing transport monopolist (equation (A.6)) will produce where the marginal

revenue (MR) of both its products—transport services from i to j and the return—equals
the marginal cost of a round trip service between i and j c

Ti/j (qij) qij + Tjj (‘11’]’) + F—’}"j (’7;’1’) qji + Tji (q]'i) =cy

MR from shipping i to j MR from shipping j to i

(A7)

Since the demand for transport services is downward sloping, Ti’j (qij) <0and T]( : (qﬁ> <

0. The initial negative correlation of the freight rates between i and j with each other still
holds, conditional on the round trip marginal cost ¢y as well as the demand responsive-

ness in both countries (price elasticity of demand, wages, and tariffs).

DEMAND PASS-THROUGH GREATER THAN ONE. — The utility function used in the theory sec-
tion has a constant elasticity of demand (equation (1)) which has a pass-through of greater
than one. Below I show the equilibrium results from this class of demand functions. Both
the other two optimality conditions from equations (5) and (6) hold here.

Similar to the earlier model, the interior solution is assumed here where demand is sym-
metric enough in both directions such that the transport market is able to clear at positive
freight rates both ways and the quantity of transport services are balanced between the
countries. The equilibrium freight rate for route ij under the round trip effect (TiI]VI ) when
the transport firm is a monopolist can be derived from the market clearing condition for

transport services:
(A.8)

1 o 1 1 1 o
™ — 0 e (A w4+ —— T (wiry), A=
ij 1+Aija—lcﬁ 1+Aij1( a—l)(wlTl])+1+Aija—1(w]T”> Ty

where Aj; is the ratio of preference parameters between i and j. The monopolist freight
rate for route 7j is a function of the same terms as the perfect competition rates: increasing
in the marginal cost of servicing the round trip route, decreasing with the destination
country j’s import tariff on i (7;;) and origin i’s wages (w;), as well as increasing in the
origin country i’s import tariff on j (7j;), as well as destination j’s wages (w;). Since ;%7 > 1
and 15 > 0, it can be directly calculated that the is higher than the rates under perfect
competition.

The new equilibrium price of country i’s good in j is still increasing in the marginal cost
of round trip transport Cy;, as well as the wages and import tariffs in both countries. This

price is a function of j’s own wages and the import tariff it faces from 7 due to the round
trip effect:
aji

1 o
1+ Ajjo—1 (wjﬂrji+wiTij+C?])>' Aij:;ﬁ

M _
(A9) pij =
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This price is higher than when transport firms are perfectly competitive, reflecting the
higher equilibrium freight rates earlier.

The new equilibrium trade quantity and value on route ij are lower than the competitive
equilibrium quantity and value:

—0

c \*1 1
= [(0—1) a1+ Az (e + iy + )

XM _ L 2—0 i—O’
gl oc—1 ai]'

When country j’s import tariff on country i (7;;) increases, I showed earlier that there
will be mitigating effects on j’s import freight rates and spillover effects on j’s export
freight rates. Both of these result in an increase in the import and export prices as well
as decreases in quantities and trade value. When the transport firm is a monopoly, both
the mitigating and spillover effects are still present but the magnitudes are different: the
mitigating effect is smaller while the spillover effect is bigger. Both of these result in
bigger changes in prices, quantity, and value. The following lemma summarizes both the
monopoly and comparative statics results from direct calculation:

(A.10)

1-0
a..
]Z
, Ajj=—

wiTi + W;iTj + Cﬁ) ai

T (

Lemma 3. When transport cost is endogenous, determined on a round trip basis by a monopolist
transport firm, and under a demand function with pass-through greater than one, the equilibrium

. . . . e M R M R
freight rates gnd prices are higher than wh'e1’1 transport firms are competitive (T;" > le , Pij > Pij )
The monopolist equilibrium trade quantities and value are lower than the competitive equilibria
(gt < qf, X} < XP).

An import tariff increase will affect both the origin country’s imports and exports to its part-
ner. The origin country’s import freight rate is less responsive to tariffs than the competitive
equilibrium—it falls by less. Import prices, quantity, and value are more responsive—prices in-
crease by more while quantity and value falls by more:

T /9w 9pi /9t - 9/ axM /ot
R <l, 5% >1, —% >1and —%—— >1

On the export side, the origin country’s export freight rate is more responsive to changes in
tariffs—freight rates increases by more. Export prices, quantity, and value are also more responsive—
prices increase by more while quantity and value falls by more:

3T]11VI /9T ap;‘{[/a’fij aqff /9T;; BX].I}/I/G'Q]-
R >1, —% >1, =% >1and ——m——>1
oT;; /9T op;;/ 0Tjj 9q;; / 9Tij IXR /9T

1 1
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DEMAND PASS-THROUGH LESS THAN ONE. — An example of a demand function with a pass-
through that is less than one is the linear demand specification below. a;; and 6;; are
the demand intercept and slope respectively. I solve for the equilibrium under perfect
competition first and then present the results under a monopoly transport firm.

(A.11) pij = aij — Bijqij

Under perfect competition and after substituting the profit-maximizing condition from
the transport firm (equation (4)), the equilibrium freight rate for route ij under a linear
demand function is as follows:

;o 1
1]_1—1-31‘]'

6.
Jt
[Bij(aij —wiT;) + ¢g —aji+ ijji] » Bij= 2=

(A.12) TR

The equilibrium price of country i’s good in j is increasing in the marginal cost of round
trip transport Cy, as well as the wages and import tariffs in both countries. This price is a

function of j's own wages and the import tariff it faces from i, which is due to the round
trip effect:

Ry __
(A.13) prij =

Bi]' 1
1+B;"0 1y Bjj (07 @i T Wi wiTif) B =%,

The equilibrium trade quantity and value on route ij are as follows:

R/ 1 1
ULy (i = €57 + aji — 0y — ity
(A.14)
5..
]l
XK= p"a", By = 6

ij

Under a monopoly transport firm and after substituting the equilibrium price from
equation (2), we get the following:

(A.15) Tij = aij — 6ijqij — Tjw;

Substituting the equation above into the optimal condition for a profit-maximizing
transport monopolist (equation (A.7)), the equilibrium freight rate for route ij under a
linear demand function is as follows and is higher than the perfect competition freight
rate (equation (A.12)):

1 1 1 6;;
M1 _
(A.16) T i~ 118, n Bj]‘ (Bi]‘ + 2) (ai]- — wm]-) -+ E(C? —aji + ZU]"L'ji) , Bl']' = 75,‘]'
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The new monopoly equilibrium price of country i’s good in j is higher than under per-
fect competition (equation (A.13)) when a;; + aj; > s + w;Tji + w;Tj:

ﬁ

1
2(1+ Bjj)

(A.17) pMi =

if
= aji + (a"—i-Cﬁ—a“—l—W'T"—i—Z{J‘T") Bij =
1] 1 + BZ] 1] 1] ij Jt L vy ) s 1]

The new equilibrium trade quantity and value on route ij are lower than the competitive
equilibrium quantity and value (equation (A.14)):

M/ 1 1
q ij = e Bi‘ ﬂ (aij — C? + a]'l' — w]’l.']l — wiTi]‘)
(A.18) Y 5
M Mr M ]t
XM=t Bij= 4~

ij

From direct calculations, the following lemma summarizes both the monopoly and per-
fect competition results:

Lemma 4. When transport cost is endogenous, determined on a round trip basis by a monop-
olist transport firm, and under a demand function with pass-through less than one, the equilib-
. . . . . e M R
rium freight rates and prices are higher than when transport firms are competitive (T™; > T fj,
pM g]- > pR! ;). The monopolist equilibrium trade quantities and value are lower than the competitive

equilibria (q™}; < q®};, XM, < X®)).

An import tariff increase will affect both the origin country’s imports and exports to its part-
ner. The origin country’s import freight rate is less responsive to tariffs than the competitive
equilibrium—it falls by less. Import prices, quantity, and value are more responsive—prices in-
crease by more while quantity and value falls by more:

oTM!. /9t;: opM /9T, agM' /ot oXM /ot
ij ] pl] ] qz] ] > 1 and ij ]

aTR oy < apR o, aqk o OXK 7oz,

On the export side, the origin country’s export freight rate is more responsive to changes in
tariffs—freight rates increases by more. Export prices, quantity, and value are also more responsive—
prices increase by more while quantity and value falls by more:

oTM’. /9T;; opM' /ot agM' /ot oxXM /ot
ji ] p]z ] q]l ] > 1 and ji ]

= >4 SR A > |
oTN/0m; ~ " optyy/om; ~ " 0qy /o OXK},/0T;

Combining the results from both lemmas 3 and 4, the following proposition can be
stated:

Proposition 2. Under the assumption of imperfectly competitive transport firms, the mitigation
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and spillover impacts from the round trip effects could be larger or smaller relative to the perfect
competition case, depending on whether the demand specification pass-through is greater or less
than one:

(i) When the demand specification has a pass-through of greater than one, the round trip effects

, ., 9TM/dt apM /ot agM /o, axM /o,
P B} AR ij Y ij ij
from tariff changes are amplified: aT, Jat; < 1, T 1, 33,795, = 1, X,/
oTM /0T opM /ot 9gM /9t axM /ot
ji ] ji g ji Y ji g
L, dT;; /0T >1, 9pji/ 0T >1, 94/ 0T;j >1 and 0X;i /9T >1

(ii) When the demand specification has a pass-through of less than one, the opposite is true.
E. Discussion on the bias between OLS and IV

In this section, I introduce a simple model that illustrates the two sources of bias in this
paper, simultaneous equation bias and bias induced by the round trip effect, and show
that they contribute to a larger difference between the OLS and IV estimates as predicted
by my results. Next, I provide an analytical solution to the supply elasticity using this
model. I then solve for the implied supply elasticity using my IV and OLS estimates and
show that it is in the ballpark of available supply elasticities in the literature.

There are two sources of bias here as discussed in the paper: (1) simultaneous equation
bias since the supply and demand for transport services on a particular route ij is simulta-
neously determined, and (2) bias induced by the round trip effect where transport supply
for routes ij and ji are jointly determined, leading to a negative relationship between the
transport prices on route ij and ji.

To incorporate the simultaneous equation bias, I introduce the variables Q;; and Tj;
(quantity and price) in the route ij market for transport services which are jointly de-
termined by the demand equation:

(A.19) In Ql] =—f1In Tl] +e

and the supply equation, which includes the round trip effect where transport supply for
routes ij and ji are jointly determined (as predicted in the theory section):

(A.20) In Ql] = B2ln (T,] + le) + e

W[@l] 0

0 V[ez]] where V[-] > 1 is the

Assume e = (ey,e;) satisfies E[e] =0 and E[ee’] = [

variance of the errors in each regression.

The round trip effect results in a negative relationship between the transport prices on
route ij and ji which introduces the second bias (as predicted from the profit maximization
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condition in the theory section equation (4)):

(A.21) Tji = —BsT;; + oy

where c is the marginal cost servicing the round trip between i and ;.

Substituting equation (A.21) into equation (A.20), we can rewrite the supply equation
as a function of prices on route ij (Tj)):

anij = ‘3211’1 (Tl] — ‘33Ti]‘ + C?) + en

Taking the first order Taylor series approximation for function f(x) = x — B3x + s
where x = InTj; evaluated at point In Ty and utilizing the chain rule, we have the follow-

lng:
. (1= Ty
=A<1

where C is a constant.® The term A is less than 1 since from Figure 1 in Section 4 we know
that | B3| < 1, in levels as well as logs. This allows us to rewrite the supply equation (A.20)
as

InQ; = ApaIn (Tj) +e2

where A is the bias introduced by the round trip effect. We can then solve for Q;; and
Tj; in terms of the errors. In matrix notation,

1 B1
1 —Ale II‘ITZ‘]‘ _62
anij o _1 ﬁl -1 €1
ll’lTi]‘ _1 —Aﬁz (%)
_ [5am (Apaer + prea)
- 1

Fram (1)

In Qij] _ _61]

Regressing In Q;; on InTj; (projection of InQ;; on InT}) yields InQ;; = *InT;; + ¢* with

6Constant C = f(InTy) — % InTp.
B3 )Totess
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E[In T;je*] = 0 and the coefficient defined by projection as

. IE[h’lTl]h’lQlj] . A,Bzv[el] — ,Blv[EQ]
(A-22) pr= 1nT5  V[ey] + V]er]

where B* is the OLS coefficient from Table 4 which is neither the demand (81) nor supply
(B2) slope—the result of simultaneous equation bias. f* approximates the average of B,
and 3, and as a result attenuates to zero. Holding constant the supply elasticity B, just the
simultaneous equation bias would result in a larger difference between the IV and OLS
estimates. Similarly, the round trip effect bias introduced by A decreases B, which would
also result in a relatively larger difference between the IV and OLS estimates. Combined,
both these sources of bias contribute to larger magnitude differences between the OLS
and IV estimates, as predicted in my results (|31]| > |B*|).

Second, I provide an analytical solution to the supply elasticity (82) using this model.
I then calibrate and solve for a comparable supply elasticity and show that it is in the
ballpark of available supply elasticities in the literature. The analytical solution for the
supply elasticity is below (equation (A.22)):

1
AV [61]

(A.23) By = [(V[el] +Ves)) B + /slv[ez]]

Next, I calibrate the equation above. The demand elasticity B, and OLS estimates p*
are taken directly from Table 4. In order to compare this elasticity to supply elasticities
estimated in the literature, I convert B, to the appropriate units. I do this in two ways.
First, supply elasticities in the literature is estimated as the elasticity of trade on route ij
with respect to price on the same route. Here, B, is the elasticity of trade on route ij with
respect to price on route ij as well as the inverse route ji (equation (A.20)). B, will therefore
be larger than typical supply elasticities since prices are negatively correlated here due to
the round trip effect. As such, I normalize A to one. Second, demand elasticity B is
estimated at the monthly level here while typical elasticities are estimated at the annual
level. So I scale B, using the annual demand elasticity estimated in the paper (Table 6).
Figure A.7 plots the elasticity estimates allowing for the error variance to range from 1
to 2 for both the demand and supply equations. Assuming the variance of the errors in
the demand regression (Table 4) is approximately the same as the errors in the supply
regression, the implied supply elasticity in this model is about 0.78. This is in the ballpark
of Broda, Limao and Weinstein (2008) who estimates a median elasticity of supply of 0.6
across 15 importers annually over the period 1994-2003.
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Figure A.7. : Supply elasticity estimate

Note: Horizontal line indicates the variance of the errors in the demand regression from Table 4 (1.17). Vertical dashed line
indicates the same variance for comparison. Supply elasticity has been annualized.
Source: Authors’ calculations.

FE. Counterfactual Appendix: Discussion on mitigation effects

The over-prediction of the fall in imports between the counterfactual results in the ex-
ogenous and round trip model, known as the mitigation effects, are large and robust to
using a different trade elasticity estimates. This is generally due to both trade elastiticies
increasing the response to tariffs with and without the round trip endogenous adjustment
proportionally. This section discusses the model and data features that drive this result. I
confirm this result directly by first showing a high correlation of 0.9 of between the route-
level mitigation effects using both elasticities (Figure A.8).

Analytically, we can also show that the counterfactual trade flow differences under the
round trip model and exogenous model are similar under both elasticities. The route ij
equilibrium trade value for the exogenous model (Xg."") and the round trip model (XZ-*]-)

are as follows:



VOL. VOL NO. ISSUE THE ROUND TRIP EFFECT A21

o

a7 °
©
@
S
Il
N
—-—
8%
2y
Ll
c
So
A
2
=
=

o

=

°
T T T T T
-60 -50 -40 -30 -20
Mitigation Effect (¢=5)
’o Scatter Fitted values ————- 45° line ‘

Figure A.8. : Robustness Check of Mitigation Effects

Note: Correlation of 0.9 for 26 routes. Mitigation effect on y-axis is calculated using a trade elasticity of 20.1 while the x-axis
is calculated using a trade elasticity of 5.

Source: Authors’ calculations using Census Bureau, Drewry, International Labor Organization (ILO), OECD, and WITS.

r 1 1-€r c 1-e
€ .
XExo = — W;Tjj + A
] e—1 ai]- li]'
] : - ) : 1-e
€
(A.24) Xf} = el ’Tij 11y, Y; W;iTj + E (Cﬁ + l]‘iijji> ’
. Z_ 1+1/e
where Yj; = L l] d
Aij \ Hj

The two main parameters of interest are the preference parameters (aj; and a;;) and
loading factors (l;; and [};) for both routes. The preference parameters govern the utility
preferences for goods on these routes while the loading factor converts the quantity of
goods on these routes into a common unit (for example, a containership or a container).

The counterfactual changes only affects import tariffs (wlog say this is country j’s per-
spective: a change in T;; to Tl-’].). The mitigation effect for each route is the difference be-

tween the counterfactual trade value changes for both scenarios, the exogenous and the
round trip model:
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AXEXO _ AX:; XExo( ) XExo(Tij) o ( (Tz
AX?‘O - ngo(.[/) XExo(TZ]

1

) —

.. 1—€ 1—€
1+ Yz] w; ’L' + I"Exo (w Tz] rgxo)

I 1+1/€ 1
/) Ty =1 (5 + i)
1] 1]

X5 (Tl])>

(A.25)

El]‘l‘

whereYj; = —
Elij
c..
andTE = 2
j I

Here we can see that for relatively close values of trade elasticity €, the mitigation effect
changes will be roughly similar. This is particularly true because the first counterfactual
changes in tariffs is small: a doubling in US import tariffs from a relatively low average
of 1.33 percent. As a result of the small tariff changes, the third term in equation (A.25)
below approximates one. The tariff changes in the second counterfactual are relatively
larger which results in slightly bigger differences in the mitigation effects.

Lastly, I show that the unit-adjusted relative preferences for routes are driving the mit-
igation effects. A higher unit-adjusted relative preference for route ij means that con-
sumers have a higher preference for ij goods compared to ji goods. This means that an
increase in ij import tariffs (j’s import tariffs on i) will have less of an impact on decreasing
import flows due to this high relative preference. As a result, the mitigation impact from
the round trip effect for route ij will be smaller. I confirm that this is the case by showing
a highly positive correlation of 0.96 between the route-level unit-adjusted relative prefer-
ences against its mitigation effects.

Since the third term in equation (A.25) above approximates the difference in tariff levels,
we can see that what will be driving the overall mitigation effect is the second term in
1—e A\ 1+1/e
the equation—(ﬁ) . We can interpret [ i (?) } as the unit-adjusted relative
P aji ji
preference for a route by rewriting it as follows:

1—e 1

1—¢ 141/7¢\ ~1]
14+ 14 i(l )1“/6 i \ Lji
ly

ajj
All else equal, a higher unit-adjusted preference for route ij’s goods relative to opposite
direction route ji will decrease this second term:

x_

x
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-2

1—€ 17€
1 1+1/e 1+1/€
a<1+Yij> —(e—1) |1+ a’]<l”> — al]<ll]> <0

o o (l)*e i \ i aji \ L
a/',' lﬂ

Jt
Using the chain rule, the mitigation effect is decreasing in the unit-adjusted relative
preference for a route:

x

aAX};"";Aij aAXg"";AX,-*j ( 1 )1—6
X0 X0 EER
AXU _ AXI-]- 1+Y; <0
L1\ 1+1/e 1—e Lo\ 1+ /e
o | % (L a(L> o | i (ki
aj; l/'i 1+Yj . aji \ Li
—_— ——

>0 <0

All else equal, a higher unit-adjusted relative preference for route ij means that con-
sumers have a higher preference for ij goods compared to ji goods. An increase in ij’s
import tariffs will then have less of an impact on decreasing import flows due to this high
relative preference. As a result, the mitigation impact from the round trip effect will be
smaller.

I show that this is indeed the case by plotting the route-level unit-adjusted relative pref-
erences against its mitigation effects below (figure A.9). This relationship is positive and
highly correlated with a coefficient of 0.96. Routes with high unit-adjusted relative pref-
erences like Busan-NY, Shanghai-LA or Shanghai-Houston have lower mitigation effects
relative to routes like Felixstowe-LA or Genoa-Houston.
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Figure A.9. : Positive Relationship between Mitigation Effects and Relative Preference

Note: Correlation of 0.96 for 26 routes. Weighted by total trade value by route.
Source: Authors’ calculations using Census Bureau, Drewry, International Labor Organization (ILO), OECD, and WITS.
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B. Online Appendix

A. Additional Tables and Figures

Table A.6—: Containerized Trade Demand Estimates for All Countries

@ @ ®) )
OLS OLS v v

Panel A: In Trade Value
In Freight Rate -0.532 -0.460 -3.873 -2.884
(0.0969) (0.110) (1.232)  (0.956)

Panel B: In Trade Weight
In Freight Rate -0.716 -0.633 -5.222 -4.072
(0.118)  (0.133)  (1.613)  (1.256)

Panel C: In Trade Value per Weight

In Freight Rate 0.184 0.173 1.349 1.188
(0.0365)  (0.0377)  (0.427)  (0.382)
Ex-Time & Im-Time FE Y Y Y Y
Dyad FE Y Y
Product FE Y Y
Dyad-Product FE Y Y
Observations 261249 261249 261249 261249
KP F-Stat 8.433 7.750

Note: Robust standard errors in parentheses are clustered by route. Results are robust to clustering at the route and product,
dyad (two-way route), and dyad with products level. All variables are in logs. Trade value, weight, and value per weight
are aggregated to the HS2 level. The predicted trade instrument is constructed at the HS4 level with Jan 2003 data using
only OECD countries. Second stage is run on all countries. Fixed Effects explanation: Ex-Time FE is exporter country and
time fixed effects; Im-Time FE is importer country and time fixed effects. Table A.7 presents the first stage regressions.

Source: Drewry, Census Bureau, and author’s calculations.
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Table A.7—: First-Stage Regressions of Containerized Trade Demand Estimates for All
Countries (table A.6)

(€] 2
In Freight Rate  In Freight Rate

In Opp Dir Predicted Trade Value 0.0227 0.0227
(0.00781) (0.00817)

Ex-Time & Im-Time FE Y Y

Dyad FE Y

Product FE Y

Dyad-Product FE Y

Observations 261249 261249

R? 0.973 0.975

F 8.433 7.750

Note: Robust standard errors in parentheses are clustered by route. Results are robust to clustering at the route and product,
dyad (two-way route), and dyad with products level. All variables are in logs. Trade outcome is aggregated to the HS2
level. The predicted trade instrument is constructed at the HS4 level with Jan 2003 data using only OECD countries. Second
stage is run on all countries. Fixed Effects explanation: Ex-Time FE is exporter country and time fixed effects; Im-Time FE
is importer country and time fixed effects.

Source: Drewry, Census Bureau, and author’s calculations.

Table A.8—: Containerized Trade Value Demand Estimates using Aggregate Data for
OECD Countries

O] O] ®)
OLS v First-Stage

Panel A: In Trade Value
In Freight Rate -0.132  -4.137
(0.307)  (1.506)

In Opp Dir Predicted Trade Value 0.0391
(0.0138)

Panel B: In Trade Weight
In Freight Rate -0415  -6.319
(0.464)  (2.205)

In Opp Dir Predicted Trade Value 0.0391
(0.0138)
Ex-Time & Im-Time FE Y Y Y
Dyad FE Y Y Y
Observations 2307 2307 2307

Note: Robust standard errors in parentheses are clustered by route. Results are robust to clustering at the dyad level. All
variables are in logs. Trade value and weight are aggregated to route level. The predicted trade instrument is constructed
at the HS4 level with Jan 2003 data using only OECD countries. Second stage is run on OECD countries only as well. First
stage F is 7.5 for Panel A and 8.2 for Panel B. Fixed Effects explanation: Ex-Time FE is exporter country and time fixed
effects; Im-Time FE is importer country and time fixed effects

Source: Drewry, Census Bureau, and author’s calculations.
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Table A.9—: Containerized Trade Demand Estimates for OECD Countries with 2009 in-
strument

@) @ ®) @)
OLS OLS v v

Panel A: In Trade Value
In Freight Rate -0.640 -0.503 -1.919 -1.044
(0.147) (0.131) (0.715)  (0.670)

Panel B: In Trade Weight
In Freight Rate -1.014 -0.808 -2436  -1.302
(0.195) (0.175)  (0.878)  (0.778)

Panel C: In Trade Value per Weight
In Freight Rate 0.374 0.305 0.518 0.258
(0.0688)  (0.0675)  (0.200)  (0.185)

Ex-Time & Im-Time FE Y Y Y Y
Dyad FE Y Y

Product FE Y Y
Dyad-Product FE Y Y
Observations 118030 118030 118030 118030
KP F-Stat 27.12 26.43

Note: Robust standard errors in parentheses are clustered by route. Results are robust to clustering at the route and prod-
ucts, dyad (two-way route), as well as dyad with product levels. All variables are in logs. Trade outcome is aggregated
to the HS2 level. Table A.10 presents the first stage regressions. The predicted trade instrument is constructed at the H54
level with Jan 2009 data using only OECD countries. Fixed Effects explanation: Ex-Time FE is exporter country and time
fixed effects and Im-Time FE is importer country and time fixed effects.

Source: Drewry, Census Bureau, and author’s calculations.

Table A.10—: First-Stage Regressions of Containerized Trade Demand Estimates for
OECD Countries with 2009 instrument (table A.9)

) @)
In Freight Rate  In Freight Rate

In Opp Dir Predicted Trade Value 0.0511 0.0485
(0.00981) (0.00943)

Ex-Time & Im-Time FE Y Y

Dyad FE Y

Product FE Y

Dyad-Product FE Y

Observations 118030 118030

F 27.12 26.43

Note: Robust standard errors in parentheses are clustered by route. Results are robust to clustering at the route and product,
dyad (two-way route), and dyad with products level. All variables are in logs. Trade value is aggregated to the HS2 level.
The predicted trade instrument is constructed at the H54 level with Jan 2009 data using only OECD countries. Fixed Effects
explanation: Ex-Time FE is exporter country and time fixed effects; Im-Time FE is importer country and time fixed effects;
Prod-Ex-T FE is product, exporter country, and time fixed effects; Prod-Im-T FE is product, importer country, and time

fixed effects. )
Source: Drewry, Census Bureau, and author’s calculations.
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B. Simple Model to Illustrate the Round Trip Effect

There are two transport markets, one going from origin j to destination i (route ji) and
the other going back from i to j (route ij). I present both these markets without the round

trip effect and then introduce the round trip effect and its implications.

I assume linear transport demand functions for both routes ji and ij:
(B.1) Qp =D' —d'Tj and Qf =D/ — d'T;;

where Q]-EZ-’ is the transport quantity demanded on route ji and Tj; is the transport cost,
or transport price, on the same route. D' is country i’s demand intercept parameter for
transport services from j (D' > 0) while d' is its demand slope parameter (d* > 0). Similar

notation applies for the opposite direction variables on route ij.

MODEL ABSENT THE ROUND TRIP EFFECT. — Following the demand assumption, I also as-
sume linear transport supply. Absent the round trip effect, transport supply for both

routes are separately determined:
(B.2) Q_]Sl = C]l + CjiTji and Q_ZS} = Cl] + Clel]

where Q_]Sl is the transport quantity supplied on route ji and Tj; is the transport cost or
price on the same route. Route ji’s fixed cost of transport supply is C;; > 0 (for example,
the cost of hiring a captain) and its marginal cost is c;; > 0 (for example, fuel cost). This

positive marginal cost generates an upward sloping supply curve.!

10ne interpretation is that there are a continuum of small transport firms providing transport between the two countries
who face heterogenous marginal costs.
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The equilibrium transport price and quantity for route ji and ij are:

. 1 . < 1 . .
T~ g (0= Gs) and Q= g (a0 )
(B.3)
Te— 1 (Dj—Ci‘) and Q*-:#@i‘l)]"i‘djci')

where any demand and supply parameter changes on a route only affects the transport
price and quantity of that route—a positive demand shock on route ji (D' increase) will
only affect the route ji transport price and quantity. Both these markets are illustrated in
Panel A of figure A.1. The top graph is the transport market for route ji while the bottom

graph is the transport market for return direction route ij.

MODEL WITH THE ROUND TRIP EFFECT. — In the presence of the round trip effect, transport
supply for both routes are jointly determined. For simplicity, I assume that the demand
for transport between these two markets are symmetric enough that transport firms will
always be at full capacity going between them.? As such, the supply of transport on both

routes (?) will be the same.

The combined transport supply for both routes includes the fixed cost of transport (C«E»)

and the marginal cost of transport (c«g):‘q’
(B.4) Qf=Qi=0% =Cs+cp (T]-i + TZ-]-)
The equilibrium transport prices and quantity for routes ij and ji with the round trip

2If demand between these markets are asymmetric enough, there may be some transport firms going empty one way
((Ishikawa and Tarui, 2018)). Potential modeling modifications can and have been made in order to accommodate this
feature, for example a search framework. The theory section and online appendix B.E elaborates.

3These costs are assumed to be the same here. It is possible to relax this assumption without changing the main results.
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effect are now no longer independently determined:

- j R
L cod +opd +did [(d +e) D —eyDl —d Cﬁ]
T = 1 (dl—FCH) D]—CHDl—dZCH
(B.5) ij C?di n c<;df T did i 7 o

Cer Di D/
: L +
c<7dZ + Cﬁdf +d'd (df + c?) di (di + Cﬁ) di

Qi=Q;=Q" =

where the equilibrium transport price on route ji (T) is increasing in destination country
i’s demand intercept for j (D') but decreasing in the fixed cost of round trip transport
(C?). Additionally, it is now a function of the origin country i’s demand parameters:
it is decreasing in the origin country j’s demand intercept for i’s good (D’). This latter
prediction is due to the round trip effect. The same applies for the transport price on route
ij (Tj;). The equilibrium quantity of transport services for both routes is increasing in the
demand intercepts in both countries (D’ and D/) and the round trip fixed cost of transport

(C?) but decreasing in both countries” demand slopes and the round trip marginal cost
(e57)-

Both the transport markets for routes ji and ij are illustrated in Panel B of figure A.1.
In the presence of the round trip effect, both these markets are now linked via transport

supply and the equilibrium transport quantity is the same.

Now suppose there is a positive demand shock on route ji where i’s demand for j’s
good(D') increases while holding the other parameters constant. This raises the equi-
librium transport price on route ji (equation (B.5)) as well as the equilibrium transport
quantity. Through the round trip effect, the equilibrium quantity on opposite route ij
also increases. Since the demand on opposite route ij has not changed, this increased
transport quantity decreases its transport price (equation (B.5)). As such, in the presence
of the round trip effect, a positive demand shock on route ji does not just increase the

equilibrium transport price and quantity on that route, it also decreases the equilibrium
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transport price on the opposite route ij. The blue lines in Panel B of figure A.1 illustrates
this demand shock graphically where ;P is the new demand curve after the shock on

i’s demand intercept for j (Di > Di). Q;]S is the new transport supply on opposite route ij

which results in a lower equilibrium transport price Tl/j*.4
C. Data Appendix
CONTAINER VOLUME DATA. — The container volume data from United States Maritime

Administration (MARAD) comes from the Port Import Export Reporting Service (PIERS)
provided by the IHS Markit. It may include loaded and empty containers which have
an associated freight charge. Since transport firms do not charge to re-position their own
containers, these are newly manufactured containers bought by other firms. In order
to remove empty containers from this data set, I utilize the product-level containerized
trade data from USA Trade Online. The HS6 product code for containers are 860900.
Since I observe the trade weight of these containers, I can calculate the number of newly
manufactured containers by assuming an empty TEU container weight of 2300kg. I then
subtract these new containers from the MARAD container volume data.

This data set is much more aggregated than my matched freight rates and containerized
value/weight data-it is at the country and annual level-so it requires that I aggregate my
data set, which drastically reduces the number of my observations. In order to do this,
I use the annual total US containerized imports and exports trade and the average of
container freight rates for the different US ports.

Table A.11 presents the summary statistics of the aggregated data set. The translation of
containerized trade into number of containers can be shown where the average number of
containers, measured as a unit capacity of a container ship (Twenty Foot Equivalent Unit,
TEU), are higher for US imports than exports (table A.11). With the number of containers, I
can calculate the average value and weight per container. The average value per container

and weight per container for US imports is higher than exports. The larger ratio between

4The new lower opposite route transport price Ti’j* will also shift the route ji supply (Q;.IS , equation (B.4)).
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the import and export value per container compared to weight per container is in line
with the value per weight statistics where higher quality goods are being imported by the

US versus exported.

Table A.11—: Summary Statistics of aggregate data set matched with container volumes
per year

0 1 Total
Containers (TEU) 387,317 725,630 556,474
(583,175)  (1917895)  (1424135)

Value per TEU 25,142 41,282 33,212
(10,273) (19,369) (17 ,453)
Weight per TEU 8,958 10,549 9,754
(1,666) (7,507) (5,483)
Iceberg Cost .0618 .0898 .0758
(.024) (.14) (.099)
Observations 103 103 206

Note: Standard deviation in parentheses. There are two levels of aggregation: (1) port-level aggregated up to country-level

and (2) monthly aggregated up to yearly. Iceberg cost is the ratio of freight rates to value per container (m%).

Source: Drewry, Census Bureau, MARAD, and author’s calculations

In the last row of table A.11, I calculate the ad-valorem equivalent of freight rates by
dividing it with the value per container. The average iceberg cost for container freight
rates is 8%.> The iceberg cost for US imports at 9% is higher than the iceberg cost for
US exports at 6%. However, this variable belies two endogenous components: freight
rates and trade value. Container freight rates and containerized trade value are jointly
determined since they are market outcomes. This paper will study the freight rate and

value variables as such.

D. Theory Proofs

Proof of Lemma 1 This lemma can be proven via direct calculation. In the exogenous

transport cost model, the derivative of j’s import price from i with respect to its im-

5This average measure is in the ballpark with the 6.7% container freight per value average in Rodrigue, Comtois and
Slack (2013).
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Exo

opL
AT w; > 0. From equation (A.2), the

9T

port tariff on i is positive (equation (A.1)):

derivative of j’s import quantity from i with respect to its import tariff on i is nega-
Exo —e—1 €
tive: g%_j = —ew; <wi'q~j + Ci/'> [ﬁ a%]} < 0. From equation (A.2), the derivative
axE_xa

of j’s import quantity from i with respect to its import tariff on i is also negative: 5/~ =
ij

—€ €
—(e—=1)w; (wiri]- + cij) [ﬁ%} <0.

]
In the endogenous transport cost model with the round trip effect, an increase in j’s
import tariff on i decreases j’s import transport cost from i. The derivative of the trans-

CL 0 . .. : : aTk
port cost from i to j with respect to j’s import tariff on 7 is negative (equation (7)): 5.~ =
1

1 ,

The increase in j’s import tariff on i will also decrease the price of j’s imports from i
through its import transport cost decrease. The derivative of the price of country i’s good
in country j with respect to j’s import tariff on i is positive (equation (8)) and the same
magnitude as the the derivative of the transport cost from i to j with respect to j’s import

. . 0
tariff oni: 5> = T A; Wi > 0.

Country j’s equilibrium import quantity from i will decrease with the increase of j’s im-
port tariff on 7, as does its equilibrium trade value from i. From equation (9), the derivative

of the trade quantity from i to j with respect to j’s import tariff on i is negative:

aqg} €W € 1( L e(wT +w;Ti+c >_€_1<O
= — i — iTii iTii <
a‘q] ! €—1tli]' 1+A1] 7o t Y

From equation (9), the derivative of the trade value from i to j with respect to j’s import
—€

. .. . aX,R' 1 1-e e 1
tariff on i is negative: le =—(e—1)w; (@) = (ijji + w;T; + cg) <0.

€—1aj

The mitigating effects from the endogenous transport cost and round trip effect model

is clear when comparing the import trade changes between the two models. The import
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quantity fall due to tariffs for the exogenous transport cost model is larger:

—e—1
aqf].xo /9T (wiTi]’ + Cij)

995 /0T o

>0
—e—1
54, (wiT,‘]‘ +w;T; + C?)

The same can be shown for the import value fall between the models:

—€
anxo /9T (wiTi]' + Ci]‘)

>0
0XR /91y 1-e
1]/ g (1 14i;> (wi Tj + wiTji + c?)

—€

Due to the round trip effect, an increase in j’s import tariff on i also affects j’s exports
to i. First, s export transport cost to i increases in order to compensate for the fall in

inbound transport demand from i to j. The derivative of the transport cost from j to i
R

Y . .. " . oT; .
with respect to j’s import tariff on 7 is positive (equation (A.3)): ari]- = T}‘rl w; > 0. Unlike
i

the comparative statics involving j’s preference of i’s goods, the amount of decrease in j's
import transport cost from i is no longer the same as the amount of increase in j’s export

transport cost to i.

The increase in j’s import tariff on i also increases j’s export price to i. The derivative

of j’s export price to i with respect to j’s import tariff on i is positive (equation (A.4)):
apﬁ - 1

I 1+A;
cost increase.

w; > 0. This export price increase is the same amount as j’s import transport

Lastly, the increase in j’s import tariff on i decreases j’s export quantity and value to i.

The derivative of j’s export quantity to i with respect to j’s import tariff on i is negative
. 9% - 1 .

(equation (A.4)): ar;- = —€ew; <€€1[llji<l+}qul> (w]-T]-i +wit; + c<7> < 0. The deriva-

tive of j’s export value to i with respect to j’s preference for i’s good is negative (equation

. aXﬁ 1 e e 1 -
(A4)) aT,'j = — (e — 1) w; 1+A,-;1 ETllZT, (w]’f]l + wl'Tj]' + C?) < 0.

Proof of Lemma 2 This lemma can be proven via direct calculation following lemma 1’s
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proof.

In the exogenous transport cost model, the derivative of j's import quantity from i with

) . . " . CliA _ €
respect to j’s preference for i’s good is positive (equation (A.2)): g;’ij = eafj ! [561 (wiTi]' + cij)} >

0. The derivative of j's import value from i with respect to j’s preference for i’s good is also

Exo —€ 1-e€
positive (equation (A.2)): a;],-]- = eafj’l (6%1) (wirij + C,-]-> > (0. Country j’s import
) s . . apE
price from i does not change with its preference for i’s good (equation (A.1)): gg’i]_ =0.

In the endogenous transport cost and round trip effect model, I first establish that the

derivative of the loading factor and preference ratio from i to j with respect to j’s pref-

. . . 0A;; . . .
erence for i’s good is negative, 5 = —%Aij < 0. The derivative of the loading factor
gl gl
and preference ratio from j to i with respect to j’s preference for i’s good is positive,
94Aji 1 4-1
oy = aT/Aij > 0.

An increase in j’s preference for i’s good increases j's import transport cost from i. The

derivative of the transport cost from i to j with respect to j’s preference for i’s good is
oTR
ij 1 1 1

allij - 7” 1+Aij W

positive (equation (7)): [wirij +w;Tji + s > 0.

The increase in j’s preference for i’s good will also increase the price of j’s imports from
i through the increase in j’s import transport cost from i. The derivative of the price of
country i’s good in country j with respect to j’s preference for i’s good is positive (equation

(8)) and the same as the the derivative of the transport cost from i to j with respect to j’s

Wi _ 111
Ba,»/ aij 1+A1‘j 1+Ai;1

preference for i’s good: [wiTij T wiTji + | > 0.

Even though the increase in j’s preference for i raises the price of its imports from i, j’s
equilibrium import quantity from i still increases as does its equilibrium trade value from
i. From equation (9), the derivative of the trade quantity from i to j with respect to j’s

aq§

1—e 1—-e —€
. . oge . - 1 1
preference for i’s good is positive: = e( ) (1 - Aij) {ﬁ (wjrﬁ + wiTj + c;»)} >0. From

Ti/‘

equation (9), the derivative of the trade value from i to j with respect to j’s preference for

ax}} 1 e 1 e e 1°¢ e
(e () () ] (o) o

The mitigating effects from the endogenous transport cost and round trip effect model

i’s good is positive:

is clear when comparing the import trade changes between the two models. The import

quantity increase in the exogenous transport cost model is larger than the endogenous
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model: .
995/ da;; (wiTij + Cij)

R .. 1—e
9/ 04 (1+1Ai]~) (wmj + wiTji +c<;)

The same can be shown for the import value increase between the models:

—€

1—e
axgwaaij B € (wiTz‘j + Cij)

>0
R - 2—e
aXij /aﬂz] (e + Aij) <%A,]> (wi’ri]- + W;Tji -+ Cﬁ)

1—e

Due to the round trip effect, an increase in j’s preference of i’s good also affects j’s
exports to i. First, j’s export transport cost to i decreases in order to compensate for the
increase in inbound transport demand from i to j. The derivative of the transport cost

e . . . . . T}
from j to i with respect to j’s preference for i’s good is negative (equation (A.3)): aﬂ]ij =

_al,-jl +1A’_]_ H% w;Tij + W;Tji + 67} < 0. The amount of increase in j’s import transport
ij

cost from i is the same as the amount of decrease in j’s export transport cost to i.

The increase in j’s preference of i’s good also decreases j’s export price to i. The deriva-

tive of j’s export price to i with respect to j’s preference for i’s good is negative (equation

apR . . .
(A.4)): aZ Z = _aiinlA’_jH% {wmj +w;Ti + c;»} < 0. This export price decrease is the
if

same amount as j’s import price increase due to the same amount of j’s export and import
transport cost changes.
Lastly, the increase in j’s preference of i’s good increases j’s export quantity and value

to i. The derivative of j’s export quantity to i with respect to j’s preference for i’s good is
age . . 81713 - e —€ . .

positive (equation (A.4)): 5t =ezl oy (@) [m% (w,rj,v + Wiy + C?)} >0. The derivative

of j’s export value to i with respect to j’s preference for i’s good is positive (equation (A.4)):

axR e - 1

o —€

B (e—1)y L 1 [ 1 e 1 T s

a;j (e—1) aij THA;; <1+A”1> |:e—1 a/i:| (ujT]l w;Tj + C*ﬁj ) > 0.

E. The Round Trip Effect and Search Model

One of the main implications from the round trip effect is that trade shocks that affect a

country’s trade with a partner, like preference changes or tariffs, will generate spillovers
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onto the country’s opposite direction trade with the same partner. This result relies on
the assumption the quantity of goods transported between these countries are the same.®
Specifically, trade shocks are restricted such that transport prices remains strictly positive
and so are always able to clear the market. Since the carriers service a round trip journey,
this means that its capacity is equal in both directions and therefore the quantity of traded

goods transported in both directions is also equal.”

This section investigates the robustness of result by relaxing this main assumption. I
start with the same Armington trade model in the main theory model with a transporta-
tion industry constrained to service a round trip. The difference in this model is this:
in order to export, manufacturing firms will need to successfully find a transport firm
and negotiate a transport price. This operation matches the fact that there are long term
contracts in container shipping which are negotiated. These contracts can provide more
favorable terms to an exporter who can commit to moving a steady stream of goods over
time—a larger or more productive exporter. A more productive manufacturing firm will
be able to negotiate for a lower transport price and thus export at a lower cost than a less
productive firm. This search process smooths the relationship between price and quantity

relative to the trade shocks which renders the balanced quantity assumption unnecessary.

This paper shows that the main spillover predictions hold without the balanced trade
assumption. An increase in a country’s tariffs on its trading partner’s good will result in
an increase in the country’s export transport costs to the same partner. This is because the
decrease in the country’s imports due to its tariff rise will result in less incoming transport
firms. From the round trip effect, the number of outgoing transport firms will decrease as
well. However, since the partner’s demand for the country’s exports have not changed,

the fall in transport supply will result in a relative rise in export transport costs which

6This assumption is ultimately relaxed in the counterfactual section such that the quantity of transport services between
countries, like the number of containers, are the same. The transported quantities are then allowed to differ with a container
loading factor.

"There is a second possible equilibrium outcome where there is excess capacity in one direction while the other is
at capacity. However the transport price on the excess capacity direction, from that equilibrium, will be zero while the
transport price on the full capacity direction will be equal to the carrier’s marginal cost of servicing the round trip. Since
the observed container freight rates are nonzero, the balanced quantity equilibrium is chosen to be the focus.
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decreases its equilibrium export quantity and value to the partner it was imposing pro-
tectionist policies on. On the flip side, an increase in a country’s preferences for its trading
partner’s good will result in a decrease in the country’s export transport cost to the same
partner and an increase in its export quantity and value to the same. This result provides
evidence for the robust relationship between the round trip effect and the spillover of
shocks between a country’s two-way trade with one particular trading partner via trans-

port costs.

MOoDEL SETUP. — The trade model is the same augmented partial equilibrium Armington
model with multiple countries as the baseline model from Hummels, Lugovskyy and
Skiba (2009) with three types of agents: consumers, manufacturing firms, and transport
firms. Consumers in each country maximize utility by consuming two types of goods—
a differentiated good that can be produced locally or abroad as well as a homogeneous
local good. Countries are heterogeneous and each has one manufacturing firm which
produces a unique manufacturing variety and prices like a monopolistically competitive
firm. These firms choose production to just meet local demand or to export as well. If they
export, they require a transport firm to ship their goods to the destination country. The
firm will need to successfully find a transportation firm and negotiate a transport price in
order to export. This operation is modeled as a search and bargaining process between
the exporting manufacturing firm and the transport firm.

The transport firms are homogeneous and perfectly competitive. The round trip effect
applies to these firms in that they have to commit to a round trip service if they enter the
market. This is due to the fact that the vessels, trucks, and airplanes utilized by transport
tirms are re-used and so have to return to the origin so that they can continue to pro-
vide transportation services. In the model, this translates into their joint profits in both
direction being non-negative.

There are five stages in this model:

1) Entry decision of the transport firms (carriers). Since carriers commit to servicing a
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2)

3)

4)

5)

round trip route upon entry, they will enter the market only if their expected joint

profits in both directions are non-negative.

Export decision of the manufacturing firms (exporters). Upon receiving their pro-
ductivity draw, a manufacturing firm will choose to export or not based on their
expected profits from selling the variety as well as going through the search pro-

Cess.

Export production decision of the firms. An exporter whose productivity is above
the export threshold from the previous stage will produce to maximize its export

profits.

Search and bargaining process between exporters and carriers. An exporter needs
to successfully search for a carrier and bargain with them for their services in order
to export. Exporters who are unsuccessful will not be able to sell their goods but

will still have to pay for production costs.

Consumers maximize utility by consuming a mixture of locally produced and im-
ported differentiated goods as well as a homogeneous good subject to a budget con-

straint.

Hummels, Lugovskyy and Skiba (2009) is the basis for manufacturing firms and con-

sumers while Miao (2006) is the basis for the search and bargaining model between ex-

porters and carriers. This model is solved by backward induction and each stage of the

model is introduced below.

CONSUMER DEMAND. — I assume that the world consists of M potentially heterogeneous

countries where each country produces a different variety (w) of a tradeable good.® Con-

sumers consume varieties of the tradeable good from this set of countries as well as a

8There is one exporter per country and so the good variety w translates into the productivity draw of the exporter firm

.
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homogeneous numeraire good. The quasilinear utility function of a representative con-

sumer in country j is
M
(B.6) Uj =(qjo + / aijqij(w)(”_l)/"dw, c>1

where g is the quantity of the numeraire good consumed by country j, 4;; is j’s preference
for the variety from country i,” g;; the quantity of variety consumed on route ij, while o
is the price elasticity of demand.!’ The numeraire good, interpreted as services here, is

costlessly traded and its price is normalized to one.

TRANSPORT COST DETERMINATION. — In order for exporters in i to export g;; amount of
its goods to country j, they need to engage the transport services of the carrier. This
is modeled as a process of search, matching, and bargaining in a decentralized market.
Once a match occurs, the exporter and carrier will bargain over the price of the transport
service, tij.

The object of bargain here-transportation services—deserve some explanation. It is not
one container since most exporters ship more than one container. It is also not an entire
ship since an average exporter does not ship 4000 containers—the average capacity of a
containership. The reality is somewhere in between. As such, this model adopts the same
interpretation as the baseline model—the object of bargain is a shipment of goods that
includes all the products that an exporter exports to one particular country. For example
if there is a exporter who wants to export 5 containers worth of goods from i to j, she will
search for a carrier who is going from i to j. They negotiate for the price of the 5 container
shipment and the export takes place if the negotiation is successful. A carrier picks its
round trip capacity to be larger of its shipments within a round trip.

Exporters are heterogeneous, monopolistically competitive, and each produces one va-

Preference parameter ajj can also be interpreted as the attractiveness of country i’s product to country j (Head and
Mayer, 2014).

oa:: i

10Similar to Hummels, Lugovskyy and Skiba (2009), o is the price elasticity of demand: a:;’f %

ij Pij

= —0 (equation (B.6)).
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riety.!! Carrier are homogeneous and incur cost ;; of transporting a shipment which is
independent of quantity. Examples of this cost include the loading and unloading cost,
the cost of hiring a captain and crew, as well as the capital cost of deploying a ship. There
are Mg, ;; number of exporters and Mc ;; number of carriers which are endogenously de-
termined in equilibrium.

There are two frictions in the search process for a trader, who can be an exporter or
carrier. First, there is a positive discount rate of € (0,1]. Second, search incurs an ex-
plicit cost p > 0. Following Miao (2006), it is assumed that a trader contacts another
trader according to a Poisson process with intensity p. A trader is a carrier with prob-
ability ;i(¢ij) = % where ¢;; is the exporter’s productivity threshold for search.
An exporter whose productivity is ¢;; will be indifferent between exporting—which ne-
cessitates searching for a carrier—and not.

At any time, an exporter with productivity ¢ meets a carrier with probability pl(¢;;). If
she can negotiate and agree on a price with the carrier, she can export her goods and
obtain her producer surplus in the form of export revenue minus transport cost (t;),
[(pij((p) - tl-]-(go)> ql-]-(q)))} 12 Tf not, the goods expire and are not sold.!*> A carrier meets
an exporter with probability o(1 — Z;;(¢;;)). If his negotiations with the exporter is suc-
cessful, he sells his services for t;;(¢) and receives a profit of (tij((p)qij((p) — gbij). The
carrier’s revenue increases with the amount of goods he transports in one shipment. If
the bargaining is unsuccessful, he gets zero profit.

When a exporter meets a carrier, they negotiate a transport price where one of the two
randomly announces a take-it-or-leave-it price offer. If the offer is accepted, the trade
occurs and they leave the market. If the offer is rejected, the exporter continues searching.

Let Vi, ij(¢) be the expected payoff of an exporter with productivity ¢ and Vc;; be the

Following Chaney (2008) and Melitz (2003), exporters are heterogeneous in their productivity (assume Pareto distri-
bution G(¢) = P(¢* < ¢) of productivity ¢ with shape parameter ¢ ~ [1,+00).

12Note that including tariffs in the producer surplus would be straightforward. It would involve adding another term
after transport cost and since tariffs are exogenous here its comparative statics would be the same as assuming exogenous

transport cost. If tariffs from i to j are 7;;, the producer surplus is <pij(q)) —tij(p) — TI']'> 7:(9)).

13The inability of exporters to sell their goods if the search is unsuccessful is a simplification. An earlier version of
this model allows for unsuccessful exporters to sell their goods locally. The end result between the earlier model and the
present version is qualitatively similar. This version is chosen for simplicity.
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expected payoff of a carrier. The bargaining problem between exporter and carrier is as
follows:

U 1-n
max [(pij(q)) - fz’j(q’)) qij(¢) — VEx,ij(ﬁl’)] {tij(q))%j(q’) — i — VC,i]}
ij
where p;; is the per unit price of the export goods, ¢;; is the per unit transport price, g;; is
the quantity of exports, i;; is the cost to transport the goods,'* and 7 € (0,1) is the relative

bargaining power of the exporter.

This bargaining problem is subject to the fact that exporters and carriers are risk-neutral
and enter the market if their expected payoff is positive and only if their expected payoff
is non—negative, (Pz]((P) — t1](§0)> ql](QD) > VEx,ij(QD) and tlj(qD)C]l]((P) — IPU > VC,ij~ As SLICh,

the transport price for one unit of good is as follows:

(B.7) tij(9) = %24)) [77 (lPij + VC,i]') + (1 =) (Pij(q))qij((l’) - VEx,z‘j(q)))}

where the transport price is increasing in the cost of providing transport services (¢;;),
the exporter’s relative bargaining power (77), as well as the expected payoff of the carriers
(Vc,i). It is decreasing in the relative bargaining power of the carriers (1 — 77) and the
expected payoff of the exporters (VE,,). The effect of export quantity g;;(¢) on transport
price depends on the bargaining parameters, cost of shipping, and magnitudes of the

value functions.®

The value function of the exporter’s search process (VE,,;;) conditional on its productiv-

ity ¢ being above the search threshold ¢ > ¢, is:

(B.8) Veri(@, @ij) = pGij($ij) max { [(sz(q)) - tz‘j(fP)) qij(@) — VEx,ij(q))] ,O}

14 As mentioned earlier, this cost is independent of quantity. It is possible to include a marginal cost of transporting the
goods that also depends on quantity and the results would not change.
15 9%4ij(@) _ (1=n)VExi(9)—n(ij+Ve,ij)
i (9) 7 (9)?
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where the probability of meeting a carrier is p(;j) and the exporter’s total profit from ex-
porting is the difference between its export revenue and transport cost, ( pii(p) — tij(go)) qij(¢).1

The value function of the carrier V¢ ; is as follows:

(B.9) rVe,ij(@if) = p(1 — Gij(@ij) ) Er [max{ [tij(q))ﬂlij((/’) — i — Vc,z} 10}]

where p(1 — ;;(;j)) is the probability of a carrier meeting an exporter, and the carrier’s
expected profits is the difference between its revenue and its cost from providing trans-
port.

Incorporating the bargaining outcome of the transport price in (B.7), the exporter value
function from (B.8) as well as the the carrier’s value function from (B.9) can be re-written

as

(B.10)
Vexii(@, $ij) = pij($ij)n max { [Pz‘j((P)%(q’) — VErij(@) — ij — VC,z']} ,0}

rVe,ij(¢i) = p(1 — (i) (1 — 1) Eg [max{ [Pij(q’)%j((/’) — VExij(@) — ¢ij — VC,i]} ,0}]

The exporter’s value function Vg, ;(¢, §;;) is increasing in its productivity ¢ since more
productive exporters have a higher willingness to pay for transport services. So exporters
from i to j, there exists a cutoff value ¢;; > 0 such that only exporters with ¢ > ¢;; have

non-negative gains from trade. This cutoff value is the search threshold ¢j;:
(B.11) p(@i1)a(Pip) = Vexii(Pijy §i) — ¥ij — Veij(@i) =0

An exporter with productivity ¢;; will be indifferent between searching or not, Vi ii( @i, ¢ij) =

0. Any exporter whose productivity is lower than the search threshold ¢ < ¢;; will have

16Gince exporters have already produced their goods before searching for a carrier, their search value function does not
include production costs of their goods.
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negative gains from searching and exporting Vi, (¢, ¢i;) < 0. As such, only exporters
with productivity above this threshold ¢ > ¢;; will enter the search.

Since the exporter’s expected payoff at the threshold is zero (Vg,;;(@;j, #i;) = 0), equa-
tion (B.11) also determines the carrier’s value function for one direction of a round trip

from i to j:

(B.12) Ve,ij(¢i) = p(§ij)q(Pij) — ¥ij = Ry

A carrier’s expected payoff is equal to the marginal participating exporter’s export rev-
enue minus the cost of providing transport. When a carrier meets the marginal partici-
pating exporter, the transport price is a function of the exporter’s productivity which in
this case is the search threshold (t;;(@;;)). Since all the carriers are homogeneous, R;; is the
common reservation value for all carriers.

In steady state, the number of exporters Mg, ;; should equal the number of firms whose
productivity is above the search threshold. Since exporters and carriers exit the market in

pairs once a trade is made, the condition below holds:!”

(B.13) Gij (@) pMEx,ij = (1 — Gij(@i) ) Mc ij

EXPORT PRODUCTION. — In Chaney (2008) and Melitz (2003), there are two trade barriers
from the perspective of an exporter: (1) a fixed cost to export defined in terms of the nu-
meraire, and (2) a variable transport cost, or transport price as introduced in the previous
section, t;;(¢) that exporters in country i with productivity ¢ have to pay to ship their
goods to destination j. In this model, transport cost is modeled as the only trade barrier.'8
Each exporter draws a random unit of productivity ¢. This draw determines their will-

ingness to pay for transport services and hence the transport price t;;(¢). In addition, an
g pay p port p i\¢

- Mei
T Mc,ijt Mgy
8The endogenous transport cost generates the fixed cost to export since it has a fixed cost to provide transport y; -

7This follows from the matching probability which is the probability of meeting a carrier: { ii(@if)
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exporter has to search for its carrier in order to export. From the previous section, the
probability of meeting a carrier is p{;;(@;;) which is a function of the share of carriers in i,
iji(@ij) = %

An exporter with productivity ¢ chooses its export price to maximize domestic and
export profits. An exporter who is productive enough to export will also produce for do-
mestic consumption. However, it can only export if its goods can be transported abroad
by a carrier. Otherwise, the exporter will not be able to export. In both cases it will still
have to pay for production costs since the production decision has already been made.
It is assumed that there are no domestic transport costs (t;; = 0). The export profit maxi-

mization problem for an exporter with productivity ¢ in country i selling to country j is

as follows:
max (@) = Vexi(@,@5)  —  cij(@)gij(e)
(B.14) pii(g) — _—
Surplus from exporting Production cost regardless
if search is successful of search outcome

where it is made up of two terms. The first term is the surplus from exporting if the
exporter successfully finds a carrier. The second term is the marginal cost of production
that the exporter has to pay in order to produce g;;(¢) units of its good. The marginal
cost term is made up of the price of the sole input, labor (wages w;), and the exporter’s

productivity:

(B-15) Cij(gﬁ) =

EXPORTER ENTRY DECISION. — The entry condition in equation (B.11) determines the search
threshold @;;, where exporters are indifferent between searching or not. Here exporters

with productivity ¢;; will earn zero profit from exporting and so are indifferent between
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exporting or not:

w

(B.16) 7T(@ij) = 0 = Vixij(@ij, §i) = ¢ij(@ij)9ij(Pij) = (P'i' q:i(Pi)
if

In equilibrium, the search threshold and the exporting threshold should be the same ¢;; =

Pij-
CARRIER ENTRY DECISION. — In order for the carriers to enter the market, their expected

profits from their round trip service has to be non-negative. This means that for any round

trip between i and j, V¢ ;; and Vc j; has to be non-negative:
(B.17) Ve,ii(@if) + Ve,ji(@ij) >0

This means that a carrier could still serve a round trip journey when one direction gen-
erates negative profits if the other direction makes up for the loss.
Since carriers who enter the market commit to a round trip route, there has to be the

same number of carriers going from i to j and back

(B.18) Mc,ij = Mc,ji

SOLVING FOR THE EQUILIBRIUM. — For the tradeable good, the solution to the consumer’s

problem in (B.6) takes the CES form:

%
c 1
(B.19) 7ij = [0’ —1aj Pij]

An increase in j’s preference for i’s good (a;;) will increase its demanded quantity while
an increase in the export price (p;;) will decrease the quantity.

The exporter’s value function in (B.10), conditional on its productivity being above the



VOL. VOL NO. ISSUE THE ROUND TRIP EFFECT B23

search threshold §;;, can be rewritten as:

(B.20) Ve, sz‘j) _ P’7§z‘j((l’ij) ) |:pij((/))qi](q)) — i — RZ-]} , for ¢ > @ij

r+ pnlij(@ij

By inserting the rewritten exporter’s value function from (B.20) into the transport price
bargaining outcome in (B.7), the following can be shown:

(B.21)

ti(p) = . i+ Rij + B ) T [(Pij(q’)%j<(/’> — ij — Rij)}

- , for ¢ > ¢;;
qii(p) P+ pZii (@i v =9

Holding the search cost p and the productivity threshold §;; constant, the transport price

is decreasing in the match probability (gé’f < 0) and in the cost for the carrier to pro-
ij

afij
;)

(%)47(4)) > 0) and total transport price is increasing in exporter revenue (%t;((g))g(((f)) > 0), to-

tal transport cost is increasing in productivity—more productive exporters pay higher total

vide transport (5;- < 0). Since exporter revenue p(¢)q(¢) is increasing in productivity ¢

transport costs. However, the per unit transport prices these exporters pay are decreasing
in the volume of goods their export. As such, per unit transport price is decreasing in

productivity—all else equal, more productive exporters pay less for transport.

The equilibrium matching probability ;; is solved for by substituting the new exporter

value function in (B.20) into the carrier’s value function in (B.10)

o(1=1)Ec |pij(@)ai(@) — ¥ — Ry —r(Ry)

P [WRij + (1= 1)Eg |pi(9)a5(9) — 45 — Rin

(B.22) Gij(9ij) =

where Eg [Pij((/’)qz'j(@) — Pij — Rz’;} = f;; pij(@)qij(@) — ¥ij — Rij dG(@).

Mc,;j

Given equilibrium matching probability {;; = Vet Meny

and the carrier’s non-negative
round trip profits in (B.17), the number of carriers will match the number of exporters

who choose to enter from condition (B.11). The optimal export profit-maximizing price
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pij(¢) from (B.14) is a constant mark-up over unit cost of production plus a transport cost

of the iceberg form T;;:

coow 1+ 0pZii (@i

Pz‘j(q))

(B.23) ool Epéij((f’ij)ﬁ (7 + PCz’j(@ij))
= gi 1Z:;ﬂf(¢i]')

Since p, {jj, 7, and r are all fractions respectively, T;(;;) > 1."

The export price for goods from country i to j is increasing in local wages w;, decreas-
ing in the exporter’s productivity ¢, and increasing in the cost of transport Tj;. The cost
of shipping increases with the decrease in the probability of successful search p{;;. In-
tuitively, the exporter’s bargaining power 7 relative to the carrier decreases 7 — 0, the

transport price increases T;; — oo as does the export price p;; — 0.

The export profits of an exporter with productivity ¢ > @;; fromi to jis

oCii (i) <7+P§zj(¢’z‘j)) w;
A TN T i@~ Ry ] - o)
1 ;
= To(¢y) [Pz‘j((P)Clij(Q’) —Rij — le‘]} — Z;))Plij(q))

Here a decrease in the transport price (Tj;), wages (w;), carrier’s reservation value (R;}),
and the cost of providing transport services (i;;) will increase exporter profits. An increase

in the export revenue (p;;(¢)q:;(¢)) will also increase profits.

In equilibrium, an exporter’s search threshold is equal to its export threshold: ¢;; = @;;.
Hence the export productivity threshold of the exporters (¢;;) can be pinned down by
equating their value function from search (equation (B.20)) to the cost of production that
they pay for regardless of the search outcome. This means that the exporter earns zero

r+pgiji
npgijn

PSince 5 <1, r>nr—r+pgin>nr+pgin— > 1.



VOL. VOL NO. ISSUE THE ROUND TRIP EFFECT B25

profit in equation (B.14):2

i (@ij) = 0 = Vexij(§ij, @ij = ¢ij) = ¢ij(§ij) i (Pij)
(B.25) R+ 4,17
§ij =M | ——2 ¥i

o
aij

w;Tij(@ij)

Note that this export threshold is not solved in its entirety yet since the transport cost
still takes the threshold as a function due to matching probability ;;(¢;;). Any manufac-
turing firms who draw a productivity lower than this threshold will choose to only pro-
duce domestically. All else equal, an increase in the reservation value of the carrier (Rz-j),
the cost of providing transport (1), the cost of production (w;), and the transport price
(Tij(@i;)) raises the export threshold which lowers the number of exporters. An increase
in j’s preference for i’s product (a;;) will decrease the export threshold which increases the
number of exporters.

Between two countries k and /, the equilibrium in this model can be described by the fol-
lowing (for k,I =1i,j and k # I): the utility-maximizing quantity of goods traded back and
forth (gx;), value functions of exporters and carriers (Vg i and V¢ k), negotiated transport
prices (tx(¢)), profit-maximizing prices of goods traded back and forth (py; (¢)), marginal

exporters (@), and the stock of exporters and carriers (Mg, and Mc ;) such that
(i) Quantity gy; satisfies the consumer utility function in (B.6),
(ii) Value functions Vg, iy and V¢ y; satisfy (B.10),
(iii) Transport price ty; () satisfies the bargaining outcome in (B.7),
(iv) Price of traded goods py(¢) satisfies the exporter’s profit function in (B.14),
(v) The productivity of the marginal exporters @y; is given by (B.25),
(vi) The stock of carriers between k and I are the same (Mc y; = Mc jx from (B.18)), and

1
_ 1
20Constant A = [—V‘Zl 2"—711} !
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(vii) The flow of carriers and exporters satisfies the market clearing condition in (B.13)

Aggregate trade flows from i to j is a share of the total expenditure on goods in country

j, which is as follows:2!

Xij(@ij) = /oo pii(¢)q:i(¢)dG ()
(B.26) ¥

oy 1— -2

= Aag! (Rij + %‘) o (wiTij((Pij)> B

where all else equal, an increase in j’s preference for i (4;;) will increase aggregate trade
flows. On the other hand, increasing the wages (w;), transport cost (T};), and the cost of

providing transport (¢;;) will decrease aggregate flows.

COMPARATIVE STATICS. — One of the main theoretical results in Proposition 1 is that the
round trip effect generates spillovers of trade shocks on the origin country’s imports from
its trading partner onto the origin country’s exports to the same partner. The same applies
for trade shocks on the origin country’s exports to its trading partner. These results are
based on the assumption that the trade shocks are restricted such that transport prices
in both directions can clear the market resulting in the same quantity of traded goods
between countries. The model in this paper emphasizes the robustness of the baseline
results by providing the same spillover outcome without relying on the same assumption.
This shows that the balanced quantity assumption is not crucial for the round trip effect
to generate spillovers between a country’s two-way trade with a partner.

Specifically, Lemma 1 shows that an increase in the origin country’s tariffs on its trading
partner decreases both its imports from and exports to the same partner. The inverse
applies for an increase in its preferences for its trading partner (Lemma 2). Similarly, this
model shows that an increase in the origin country’s tariff will decrease its exports to the

same partner. Inversely, an increase in its preference for goods from its partner will also

20

<

.
il o

1+ 1
o1 y—(oc-1)"

9

ZConstant A = 2%
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increase its exports to the same par’mer.22

I first focus on country j’s preference for j, a;;. When country j’s preference for goods
from country i increases, it is intuitive that j’s import quantity g;; should increase (equa-
tion (B.19)). Since this also increases the revenue from exporting to country j which in-
creases aggregate trade value Xj; (equation (B.26)), the number of exporters from i to j will
also increase (lowering the export threshold ¢;;). This increases the demand for transport
services from i to j which increases the number of carriers along the same route. Due
to the round trip effect, carriers who go from i to j have to return (equation (B.18)). As
such, while trade conditions from j to i remain unchanged (including i’s preferences for
goods from j aj;), there are now more carriers available to bring goods from j to i. From
(B.13), this increases the matching probability between exporters and carriers from j to i:

% > 0.2 As aresult, the transport price from j to i decreases (arfi < 0, equation (B.23)).4
C,ji g]z

In turn, the export quantity and value from j to i increases while the export price falls.?>

The following lemma can be shown:?°

Lemma 5. When transport cost is determined on a round trip basis and through a search and
bargaining process, an increase in origin country j's preference for its trading partner i’s goods
will affect both the origin country’s imports and exports to its partner. On the export side, the
home country’s export transport cost and export price to its partner falls while its export quantity
and value increases.

aq;ji

oT:: v X
]l<0, pﬂ<0,—>0and L

0
aai]- a{/'li]' aai]- aai]- -

In order to establish these results for tariffs, I first incorporate tariffs into this model.
Tariffs are paid by the exporters and so they are incorporated into their profit functions in
22The comparative statics for the mitigating effects on the imports side is not shown here for two reasons. First, the

spillover results are novel and thus are the focus here. Second, this model does not yield a close-formed solution and so
the mitigating effects would have to be shown analytically.

23 %ji _ 1
MC//I MEX/il
272 2
udTi _ P C,»,»fﬁ(f +2P§jx) <0
i Gi (V+P€/i)

I a9 X,

50 50, 7 <0,and 2L <0.
i ji ji
26See Section B.E for proof.
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(B.14) as such:

i

(B.27) max 7t (¢) = PG (¢, §ij) (Pij(q)) - tij(q))) 9i1(¢) — Tijcij(9)qij (@)

where the first two terms are the surplus from being able to export if the exporter success-
fully finds a carrier. The second term is the marginal cost of production that the exporter
has to pay in order to produce g;;(¢) units of its good which includes the tariff on these
goods 7; > 1.% The marginal cost term is made up of the price of the sole input, labor
(w;), and the exporter’s productivity. The equilibrium for this model with tariffs is very
similar to the equilibrium defined previously where tariffs enter the same way as wages
w;.

When country j increases its tariffs on goods from country i, it is again intuitive that its
import price pjj should increase which will lead to a fall in quantity g;; (equation (B.19)).2%
Since this then decreases the revenue from exporting to country j (X;;, equation (B.26)), the
number of exporters will also fall which increases the export threshold ¢;;. This decreases
the demand for transport services from i to j which decreases the number of carriers along
the same route. Due to the round trip effect, there are now less carriers available to bring
goods from j to i all else equal (equation (B.18)). From (B.13), this decreases the matching

. . c e G
probability between exporters and carriers from j to i: 5; C],ﬁ

price from j to i increases (agfi < 0, equation (B.23)). The export quantity and value from j

29

> 0. As a result, the transport

to i falls while price increases. The following lemma can be shown:

Lemma 6. When transport cost is determined on a round trip basis and through a search and
bargaining process, an increase in the origin country j’s import tariffs on its trading partner i’s
goods will affect both the origin country’s imports and exports to its partner. On the export side, the

origin country’s export freight rate and price to its partner will increase while its export quantity

27This method of modeling is chosen for simplicity. Another way to model tariffs here is for the firms to only pay for it
if it successfully exports. This alternative method would not change the results but would complicate the solution.
8Since pi (o) = ¢ Uil 05 (§ij)n = ¢ YT (5 wji
Pi () =5 ? pgi;‘(@j)ﬂ(’*ﬂ&i;(@ij)) ol ¢ l/(%]) Tij <0
2Section B.E for proof.
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and value decreases.

oT;i Ipii g 9Xj
s, 2P S o, M g ang S <
aTij aTi]‘ aTij aTij

From the results from these two lemmas, the following proposition can be established:

Proposition 3. A model with the round trip effect predicts a spillover effect of trade shocks on
the origin country’s imports from its trading partner onto the origin country’s exports to the same
partner. The same applies for trade shocks on the origin country’s exports to its trading partner.
This result is robust under a balanced trade quantity assumption as well as a search and bargain-
ing process between exporter and carrier without the balanced assumption. With the search and
bargaining model, the traded quantities between countries are no longer constrained to be the same.

An increase in the origin country’s tariffs on its trading partner decreases its exports to the same

partner. The same applies inversely for a positive preference shock.

PROOFS. — Proof of Lemma 5 When country j’s preference for goods from country i (a;;)
increases, it is intuitive that j’s import quantity g;; should also increase (equation (B.19)).
Since in turn increases the export revenue from country i to j which increases the route’s
aggregate trade value X;; (equation (B.26)). The number of exporters from i to j will also
increase from the fall in export threshold ¢;;).

Since there are more goods being shipped from i to j, the demand for transport services
from i to j also goes up which increases the number of carriers along the same route. Due
to the round trip effect, carriers who go from i to j have to return (equation (B.18)). As
such, while trade conditions from j to i remain unchanged (including i’s preferences for
goods from j a;;), there are now more carriers available to bring goods from j to i.

From (B.13), the matching probability between exporters and carriers from j to i now

increases:

i 1

B.28 =
(B:28) Mc,ji  Mexji

>0
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Since there are more carriers, the match probability between carriers and exporters from j

to i is now higher.

From the higher matching probability, the transport price from j to i decreases:

272 2
aTji . _p ji’7+ (7’ +2P€ji) <0

Gi Gji (7+PC]'1'>

(B.29)

This is due to the fact that an exporter now has a relatively better chance of finding a

carrier to match with and also more outside options during its bargaining process.

In turn, cheaper transport price means that it’s now cheaper to export. As such, the

export quantity and value from j to i increases while the export price falls.

Proof of Lemma 6 When country j increases its tariffs on goods from country i (7;), it is
intuitive that its import price p;; should increase which will lead to a fall in quantity g;;
(equation (B.19)). Since an export price increase will decreases the overall export revenue
from country i to j (X;;, equation (B.26)), the number of exporters will also fall. Similarly,

this can be described as an increase in the export threshold ¢;;.

Since the amount of goods being shipped from i to j has decreased, the demand for
transport services from i to j decreases as well which lowers the number of carriers along
the same route. Due to the round trip effect, there are now less carriers available to bring

goods from j to i all else equal (equation (B.18)).

From (B.13), this decreases the matching probability between exporters and carriers

from j to i:

i 1

B.30) -
( Mc,ji  Mexji

>0

With less carriers, there is a lower probability of matching between exporters and carriers.

As aresult, the transport price from j to 7 increases since exporters now have less outside
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options in the form of other carriers as well as less chances of meeting a carrier:

AT _ _ng]Zﬁ + (72 + 2PCji)
Cji Gji (7 + P@ji)

(B.31)

All this result in the export quantity and value from j to i falling while the export price

increases.



