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Introduction

Lectures 1-9 :
Review the most important theoretical frameworks used to
model international trade
Assess their capacity to predict international trade flows

Can be used to answer broader economic questions :
1 What is the impact of trade on welfare ? (Lecture 10)
2 What is the impact of specific experiments of trade

liberalization ?
3 How does trade affect the organization of production

processes ?
4 How much does trade spread the benefit of local improvements

in technology ?
5 What is the impact of trade liberalization on domestic labor

markets ?
6 How does specialization affect the volatility of GDPs ?

Today’s and next week’s classes will cover questions 2, 3 and 6
/ Second semester’s course : Other “topics”
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Today’s class

Use Eaton & Kortum (2002) as a benchmark

Enrich the benchmark model with as many properties a
possible : Multiple sectors, IO linkages, NT good sectors,
Exogenous shocks, etc.

Calibrate the model to actual data / estimate the unobserved
parameters

Use the estimated model to run counterfactual analyses

Advantage over alternative approaches (eg CGE models) :
Transparency + relatively parsimonious in terms of the
required data (trade, sectoral production, tariffs, IO matrix)
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Welfare Impact of Trade Liberalization
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Trade and Welfare Impact of Trade Liberalization

Caliendo & Parro (2015) build a Ricardian model to evaluate
the trade and welfare impact of NAFTA

NAFTA : A free trade area between the US, Mexico and
Canada

- Enhance trade within the area / Divert existing trade between
the area and the RoW

- Increase welfare : Access to cheaper consumption goods plus
increased competitiveness through a drop in input prices

→ Potentially important Ricardian gains since the integrated
countries have very different production structures

Main insights :
Important role of sectoral IO linkages to amplify the trade and
welfare effect of the partnership
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Theoretical framework

i. Multiple sectors :
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iii. Non tradable sectors :
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Analytical predictions

Equilibrium prices under PC :
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Expenditure shares :
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Changes in tariffs affect πk

ni directly (through dk
ni ) and

indirectly (through the price of inputs encapsulated in ck
i )

GE solution under the assumption of balanced trade at the
world level (but country-specific trade deficits) gives the vector
of equilibrium wages w which is specific to a tariff vector
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Impact of trade liberalization

Equilibrium in relative changes implies :
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Impact of trade liberalization on real wages can be summarized
by the impact it has on domestic shares ({πk

nn}) and sectoral
price indices ({Pk

n })
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Impact of trade liberalization (ii)

Trade liberalization increases real wages by reducing the
sectoral shares of domestic consumption (ln π̂k

nn), i.e.

i. Giving consumers access to cheaper imported goods (See ARC
if γk

n = 1, ∀n, k)

ii. Reducing the cost of same sector imported inputs (Only role of
intermediates if γk

n 6= 1 and γk,k
n = 1− γk

n

iii. Reducing the cost of imported inputs for other sectors (when
γk,k

n 6= 1− γk
n )

Note : Changes in real wages do not directly map into changes
in welfare in this model because of trade deficits (Dn) and
tariff revenues (Rn) :
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Welfare Impact

Using the equilibrium conditions of the model :
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Volume of trade

Terms of trade effect due to an increase in exporter prices
relative to the change in importer prices
Volume of trade effect due to the creation of additional trade
flows following trade liberalization
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Empirical strategy

Calibration of the observed parameters :
{πk

ni} calibrated using trade and production data
{αk

i } fitted to data on sectoral absorption
{γk

i } and {γ
k,k′
i } fitted to IO tables

Estimation of the unobserved parameters {θk} :
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Use sectoral bilateral trade and tariff data
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Sectoral trade elasticities

Table 1. Dispersion-of-productivity estimates
Full sample 99% sample 97.5% sample

Sector θj s.e. N θj s.e. N θj s.e. N
Agriculture 8.11 (1.86) 496 9.11 (2.01) 430 16.88 (2.36) 364
Mining 15.72 (2.76) 296 13.53 (3.67) 178 17.39 (4.06) 152
Manufacturing
Food 2.55 (0.61) 495 2.62 (0.61) 429 2.46 (0.70) 352
Textile 5.56 (1.14) 437 8.10 (1.28) 314 1.74 (1.73) 186
Wood 10.83 (2.53) 315 11.50 (2.87) 191 11.22 (3.11) 148
Paper 9.07 (1.69) 507 16.52 (2.65) 352 2.57 (2.88) 220
Petroleum 51.08 (18.05) 91 64.85 (15.61) 86 61.25 (15.90) 80
Chemicals 4.75 (1.77) 430 3.13 (1.78) 341 2.94 (2.34) 220
Plastic 1.66 (1.41) 376 1.67 (2.23) 272 0.60 (2.11) 180
Minerals 2.76 (1.44) 342 2.41 (1.60) 263 2.99 (1.88) 186
Basic metals 7.99 (2.53) 388 3.28 (2.51) 288 -0.05 (2.82) 235
Metal products 4.30 (2.15) 404 6.99 (2.12) 314 0.52 (3.02) 186
Machinery n.e.c. 1.52 (1.81) 397 1.45 (2.80) 290 -2.82 (4.33) 186
Office 12.79 (2.14) 306 12.95 (4.53) 126 11.47 (5.14) 62
Electrical 10.60 (1.38) 343 12.91 (1.64) 269 3.37 (2.63) 177
Communication 7.07 (1.72) 312 3.95 (1.77) 143 4.82 (1.83) 93
Medical 8.98 (1.25) 383 8.71 (1.56) 237 1.97 (1.36) 94
Auto 1.01 (0.80) 237 1.84 (0.92) 126 -3.06 (0.86) 59
Other Transport 0.37 (1.08) 245 0.39 (1.08) 226 0.53 (1.15) 167
Other 5.00 (0.92) 412 3.98 (1.08) 227 3.06 (0.83) 135

Test equal parameters F( 17, 7294) = 7.52 Prob > F = 0.00

Aggregate elasticity 4.55 (0.35) 7212 4.49 (0.39) 5102 3.29 (0.47) 3482

where ε̃j = εjin− εjni+ εjhi− εjih+ εjnh− εjhn. Note that all the symmetric and asymmetric components of the
iceberg trade costs cancel out. The terms κjni/κ

j
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j
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j
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j
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nh will cancel the symmetric bilateral

trade costs (νjni, ν
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j
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j
in cancel the exporter fixed effects (δ

j
i , δ

j
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δjn). The only identification restriction is that ε̃
j is assumed to be orthogonal to tariffs.40

It is important to notice that our methodology is consistent with a wide class of gravity-trade models

and therefore the estimated trade cost elasticity from using this method does not depend on the underlying

microstructure assumed in the model. We estimate the dispersion-of-productivity parameter sector by sector

using the proposed specification (23) for 1993, the year before NAFTA was active.41 Table 1 presents the

(negative of the) estimates (θj) and heteroskedastic-robust standard errors. As we can see, the coefficients

have the correct sign and the magnitude of the estimates varies considerably across sectors. The estimates

40 Of course, as any estimation of trade elasticities from bilateral trade and tariff data, our method is subject to the endogenous
trade policy concern (Trefler 1993, and Baier and Bergstrand 2007). Still, our triple differencing might alleviate some of these
concerns given that the estimates we obtain are comparable to the range of previous elasticity estimates done with different
methods and different data.
41We estimate (23) by OLS, dropping the observations with zeros. Zeros in the bilateral trade matrix are very frequent and

several studies are focused on understanding how robust the estimates of trade elasticities are if zeros are taken into account.
For instance, Santos-Silva and Tenreyro (2010).
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Source : Caliendo & Parro, 2015. The “99% sample” and “97.5% sample” drop

from the estimation the smallest countries in each sector.
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Counterfactual analysis

i. Introduce the change in the tariff structure from 1993 to 2005
between NAFTA members, fixing the tariff structure for the
RoW unchanged

ii. Introduce the change in the tariff structure from 1993 to 2005
between NAFTA members, given the observed changes in the
tariff structure for the RoW

iii. Introduce the observed changes in world tariff structure from
1993 to 2005, holding NAFTA tariffs fixed to the year 1993

ii.-iii. say something about the gains from world tariff reductions
with and without NAFTA
Note : In principle, trade liberalization might also have an
impact on trade deficits, which the model does not take into
account (they are exogenous). This is a shortcoming of the
analysis
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Pre-NAFTA tariffs
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Fig. A.1. E ective applied tari  rates before NAFTA
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Source : Caliendo & Parro, 2015. In 1993, sectoral tariff rates applied by Mexico, Canada and the US to
NAFTA members were on average 12.5, 4.2 and 2.7%. By 2005, they dropped to almost zero between
NAFTA members but tariffs that Mexico, Canada and the US applied to the RoW were on average
7.1, 2.2 and 1.7%, respectively
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The role of intermediate goods and sectoral linkages

In 1993, the role of intermediate goods is already substantial...
Respectively 68, 61.5 and 64.6% of Mexico’s, Canada’s and
the US imports from non-NAFTA countries were intermediate
goods
Respectively 82.1, 72.3 and 72.8% of Mexico’s, Canada’s and
the US imports from NAFTA countries were intermediate
goods

... As is the extent of cross-sectoral linkages :
In the IO Tables, the mean share of own-sector inputs is
around 15-20%
More than 70% of intermediate consumption is addressed to
other sectors
Average share of tradables in the production of non-tradables
is 23% for the US and 32% for Mexico / Average shares of
non-tradables in the production of tradables are 34% for the
US and 26% for Mexico
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Welfare effect from NAFTA’s Tariff reductions

as a share of world GDP.

5.1 Trade and Welfare Effects from NAFTA’s Tariff Reductions

We now quantify the trade and welfare effects of NAFTA. Table 2 presents the welfare effects from

NAFTA’s tariff reductions while fixing the tariff to and from the rest of the world to the year 1993. Welfare

effects are calculated using (16) , and changes in real wages using (15) . As we can see, Mexico’s welfare

increases by 1.31%. The effects for Canada and the U.S. are smaller. Canada loses 0.06% while the U.S.

gains 0.08%. Still, we find that real wages increase for all NAFTA members and Mexico gains the most,

followed by Canada and the U.S.47

Table 2. Welfare effects from NAFTA’s tariff reductions
Welfare

Country Total Terms of trade Volume of Trade Real wages
Mexico 1.31% -0.41% 1.72% 1.72%
Canada -0.06% -0.11% 0.04% 0.32%
U.S. 0.08% 0.04% 0.04% 0.11%

Decomposing the welfare effects into terms of trade and volume of trade underscores the sources of these

gains. The third column in Table 2 shows that the major source of gains are increases in volume of trade. The

welfare gains from trade creation for Mexico, Canada and the U.S. are 1.72%, 0.04% and 0.04% respectively.

We can look deeper and measure the extent to which the welfare effects are a result of trade creation with

NAFTA members vis-a-vis the rest of the world. This is done by applying the bilateral volume of trade

measures (18) defined before.

Table 3. Bilateral welfare effects from NAFTA’s tariff reductions
Terms of trade Volume of Trade

Country NAFTA Rest of the world NAFTA Rest of the world
Mexico -0.39% -0.02% 1.80% -0.08%
Canada -0.09% -0.02% 0.08% -0.04%
U.S. 0.03% 0.01% 0.04% 0.00%

Column 3 in Table 3 shows that the trade created with NAFTA members is the single most important

contributor to the positive welfare effects. The figures are 1.80%, 0.08% and 0.04% for Mexico, Canada

and the U.S. respectively. This result unmasks an important channel by which NAFTA generated positive

welfare effects to all of its members, by creating more trade within the bloc. On the other hand, column 4

from Table 3 shows that the reduction in volume of trade with the rest of the world has a negative welfare

effect. This negative welfare effect, which we discuss further below, arises from NAFTA diverting trade from

countries outside of the agreement.
47The welfare effects results in the model with trade deficits are very similar, 1.17%, -0.04% and 0.09% for Mexico, Canada

and the U.S. respectively. Appendix “Additional Results”, tables A.4 to A.7, includes this and additional results with trade
deficits and it shows that all the results in this section are robust to include trade deficits or not.
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Source : Caliendo & Parro, 2015. Analysis holds RoW tariffs unchanged

Mexico gains the most, both in terms of welfare and in terms
of real wages
Most important source of gains is increase in the volume of
trade (mostly within NAFTA, while trade vis-à-vis the RoW
decreases, trade divertion)
US terms-of-trade improved (both vis-à-vis NAFTA members
and the RoW)
Welfare effects widely vary across sectors
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Trade effect from NAFTA’s Tariff reductions

has a positive contribution to the welfare increase from volume of trade. Three sectors account for more than

50% of the sectoral contribution of Mexico’s and U.S.’s volume of trade. These are Textiles, Petroleum and

Electrical Machinery. For the case of Canada, the sectors that contribute the most are Textiles, Petroleum

and Auto. In general, volume of trade effects depend on the magnitude of the tariff reduction, the trade

elasticity, and the share of materials used in production and these factors weight differently for each of these

sectors. Textiles was the most protected sector by Mexico in the year 1993. Applied import tariffs were

on average 18%. So the large reduction in tariffs facilitates trade between members of NAFTA and results

in a significant contribution to the increase in volume of trade. Petroleum is a homogenous good sector.

As a consequence, small changes in import tariffs can have large trade effects since it is relatively easy to

substitute suppliers, as documented by its high import tariff trade elasticity (see Table 1). The average

import tariffs in Petroleum in the year 1993 across NAFTA members was 7%. Finally, NAFTA’s tariffs

reductions has important effects over the price of intermediate goods traded in some sectors compared to

others. This is particularly important for the sectors Electrical Machinery and Autos for reasons we discussed

in the previous paragraph. The reduction in trade prices in these sectors explains the increase in the volume

of trade effect.

Table 5. Trade effects from NAFTA’s tariff reductions
Mexico Canada U.S.

Mexico’s imports - 116.60% 118.31%
Canada’s imports 58.57% - 9.49%
U.S.’s imports 109.54% 6.57% -

Table 5 presents aggregate trade effects from NAFTA. As we can see, NAFTA generated large aggregate

trade effects for all members. Mexico’s imports from NAFTA increased by more than 110% and equally so

across both partners. For the case of Canada, we find that the percentage increase in imports from Mexico

is more than five times larger than the percentage increase in imports from the U.S. This results reflect

that Mexico’s role as a supplier of intermediate goods to NAFTA members increased as a consequence of

NAFTA. In fact, this is even more evident when we look at the case of the U.S. imports. Imports from

Mexico increase more than 100% while from Canada only 6.57%. These figures reflect how interdependent

these economies become after the tariff reductions imposed by the agreement. In short, NAFTA strengthened

the trade dependence that these countries had before the agreement, and as a consequence Canada and the

U.S. source more goods from Mexico, while Mexico sources more goods from Canada and the U.S.

NAFTA also had an effect on sectoral specialization. Table 6 presents export shares by industry before

and after reducing NAFTA’s tariffs. First note that sectoral concentration varies considerably across sectors

and countries. Consider the case of Mexico before NAFTA, the year 1993. Three sectors account for 52.75%

of total exports. These sectors are Electrical Machinery, Autos and Mining. For the case of Canada, the

three sectors with the largest shares are Autos, Basic Metals and Mining, and account for 43.7% of total

exports. While for the U.S. the three largest sectors are Machinery, Chemicals, and Autos, and account for
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Source : Caliendo & Parro, 2015. Analysis holds RoW tariffs unchanged

Large aggregate effects for all members
Canada and the US increased a lot their imports from Mexico :
role as a supplier of intermediates to NAFTA
Strong impact on the specialization of countries : Mexico
becomes more specialized
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Specialization due to NAFTA

28.57% of total exports. These figures reflect that Mexico was the country with the highest degree of sectoral

specialization while the U.S. the most diversified. In fact, the last row of the table presents the normalized

Herfindahl index (henceforth, HHI) and we make use of it as a measure of sectoral specialization. As we can

see, the HHI for Mexico was the largest and twice as large as the U.S. HHI, the smallest among all NAFTA

members. After NAFTA’s tariffs reductions we find that Mexico became more specialized while Canada and

the U.S. more diversified. In fact, Mexico’s share of exports from Electrical Machinery increase to 34.07%

and the three largest sectors account for 54.95% of total exports after NAFTA. This sectoral concentration

is reflected in Mexico’s HHI which increases to 0.138. On the other hand, the HHI indices of Canada and

the U.S. decrease.49

Table 6. Export shares by sector before and after NAFTA’s tariff reductions
Mexico Canada United States

Sector Before After Before After Before After
Agriculture 4.72% 3.03% 4.99% 5.04% 6.91% 6.35%
Mining 15.53% 7.85% 8.99% 8.96% 1.72% 1.52%
Manufacturing
Food 2.33% 1.48% 4.82% 4.68% 5.09% 4.73%
Textile 4.42% 6.92% 1.05% 1.49% 2.68% 3.49%
Wood 0.59% 0.52% 8.12% 8.05% 2.02% 1.98%
Paper 0.62% 0.51% 8.34% 8.44% 4.99% 4.89%
Petroleum 1.62% 5.28% 0.59% 0.78% 4.30% 5.71%
Chemicals 4.40% 2.53% 5.58% 5.40% 10.00% 9.25%
Plastic 0.80% 0.48% 2.06% 2.06% 2.28% 2.43%
Minerals 1.32% 0.84% 0.81% 0.78% 0.94% 0.92%
Basic metals 3.24% 2.00% 10.29% 10.19% 3.05% 3.11%
Metal products 1.22% 1.03% 1.47% 1.53% 2.23% 2.59%
Machinery n.e.c. 4.30% 2.53% 4.69% 4.49% 10.37% 9.70%
Office 3.34% 5.07% 2.44% 2.54% 7.70% 7.29%
Electrical 20.79% 34.07% 2.50% 2.35% 6.07% 7.97%
Communication 8.57% 7.08% 3.11% 3.02% 7.19% 6.81%
Medical 2.48% 3.28% 0.98% 1.03% 5.16% 4.79%
Auto 16.43% 13.05% 24.42% 24.07% 8.20% 8.09%
Other Transport 0.28% 0.26% 3.21% 3.58% 7.32% 6.65%
Other 3.02% 2.20% 1.55% 1.52% 1.77% 1.74%

Normalized Herfindahl 0.092 0.138 0.083 0.081 0.042 0.040

The rest of the world was hardly affected by NAFTA’s tariff reductions. Table A.3 in Appendix “Additional

Results”, which we do not include in the main text for brevity, presents the change in welfare, terms of trade

and volume of trade effects for the rest of the 28 countries in our sample. The effects are small. The two

countries most impacted are China and Korea and in both cases welfare falls by 0.03%. This is mostly due

to a reduction in the volume of trade for the case of China, and an equal reduction in the terms of trade and

volume of trade for the case of Korea. Looking at other countries we find that volumes of trade decreased
49Many factors, besides NAFTA, could have influenced the pattern of sectoral specialization in the data. Still, the pattern of

sectoral specialization implied by the model from NAFTA’s tariff reductions for NAFTA members is in line with the observed
pattern in the year 2005. In fact, the correlations are 0.59, 0.86, and 0.83 for Mexico, Canada, and the U.S. respectively.
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Source : Caliendo & Parro, 2015. Analysis holds RoW tariffs unchanged
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Decomposition of trade and welfare effectswith no materials used in production (No materials), and with no I-O connections (No I-O).54 We calibrate

each of these models to the year 1993 and compute the welfare and trade responses from NAFTA’s tariff

reductions. Table 11 presents the simulated trade and welfare effects implied by the different models. The

first column shows the welfare effect from the one sector model. The second column presents the welfare

result for the no materials model, and the third column presents the welfare result for the no I-O model.

Table 11. Trade and welfare effects from NAFTA across different models
Welfare Imports growth from NAFTA members

Multi sector Multi sector
Country One sector No materials No I-O One sector No materials No I-O Benchmark
Mexico 0.41% 0.50% 0.66% 60.99% 88.08% 98.96% 118.28%
Canada -0.08% -0.03% -0.04% 5.98% 9.95% 10.14% 11.11%
U.S. 0.05% 0.03% 0.04% 17.34% 26.91% 30.70% 40.52%

We find that for all models the welfare effects are smaller compared to the benchmark model. Still, in

all cases Mexico gains the most followed by the U.S. then Canada. The results from the one sector model

reflect the importance of accounting for sectoral heterogeneity. In fact, recent studies have emphasized

that the sectoral variation in trade elasticities is particularly important for the quantification of the welfare

gains.55 The calculations also show that intermediate goods amplify the welfare effects from tariff reductions.

Mexico’s figure increase from 0.50% to 0.66%, Canada’s deteriorate more from -0.03% to -0.04% and the

U.S. increase from 0.03% to 0.04% as we move from a model with no materials to a model with materials.

We also find that the model with input-output linkages amplifies the effects as well. If we compare the third

column on Table 11 to the results from the benchmark model, Table 2, we can clearly see that the welfare

effects are substantially larger for the countries that win and lower for the countries that loose.

Trade effects are also smaller across these models compared to the benchmark case. The last four columns of

Table 11 presents, for the case of Mexico, Canada and the U.S., the change in imports from NAFTA members

implied by the different models. As we can see, the trade effects are reduced substantially compared to the

benchmark case. In the one sector model, the trade responses are almost reduced by half. The intuition for

this result relates to the result on welfare. By averaging out the effects, a one sector model fails to capture

the large increase in trade flows from certain sectors. In fact, we know from tables 4 and 6 that NAFTA

generated very heterogenous responses across sectors. If we compare the results from column five to column

six we can see that adding intermediate goods increases the trade effects. The intuition for this result is

54The one sector model has one tradable sector and one non-tradable sector. Production uses materials from both sectors,
(I-O). We agregate all sectoral data to calibrate the parameters and use the median tariff across sectors. We use our specification
(23) to estimate an aggregate elasticity, the value is θ = 4.5. In the multi-sector model “No materials” there are no materials
used in production, γjn = 1, and as a result value added is equal to gross output. In the multi sector model “No I-O”, materials
are used in production, γjn < 1, but we zero out the off-diagonal elements of the I-O matrix. Firms can only use materials
sourced from the same sector they operate, γj,jn = 1 − γjn. We use I-O tables for each country to calibrate γj,jn . For all cases,
we first calibrate the model and then eliminate the observed aggregate trade deficits.
55 In a recent study, Ossa (2012) shows that the heterogeneity in trade elasticities per se has an important effect on the

quantification of the welfare gains from trade. He shows this for the case of iceberg trade costs and by calculating welfare losses
from reverting to autarky.
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Source : Caliendo & Parro, 2015. Analysis holds RoW tariffs unchanged

Welfare gains are always reduced in comparison to benchmark
⇒ Trade in intermediates, Sectoral heterogeneity and Sectoral

linkages all matter



Trade and Welfare Impact of Trade Liberalization Trade and the Volatility of Economies

Trade and the Volatility of Economies
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Trade and Volatility

Caselli et al. (2015) build a dynamic Ricardian model to
evaluate the impact of trade on the volatility of the economy

Argument :
- Trade might induce sectoral specialization which would
increase the exposure of countries to sectoral shocks (↑
Volatility except if specialization in low-volatile sectors)

- Trade also offers additional opportunities of diversification
(against country-specific shocks, across markets) (↓ Volatility)

Main insights :
Tariffs reduction since the 70s has reduced volatility
Diversification across countries is an important driver of
decreased volatility
Specialization does not always push volatility up
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Theoretical framework

i. Multiple sectors + IO Linkages (Caliendo & Parro, 2015)
ii. Stochastic shocks to the sector- and country-specific TFP : Ak

it

iii. Frictions to the allocation of labor across sectors :

Lk
it =

∫ 1

0
lkit (j)dj

is determined ex-ante (maximizes the representative
consumer’s expected value of utility) but lkit (j) allocates across
firms after the realization of shocks

iv. No intertemporal trade and no capital → A sequence of static
equilibria
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Solution in Autarky

FOC of the ex-ante program (u(C) = lnC) :

Lk
nt

Lnt
= Et−1

[
wk

ntLk
nt∑

j w j
ntL

j
nt

]
= αk

Consumption maximization :

Qk
nt = αk

(
Pk

nt

Pnt

)−1
Qnt and Qk

nt(j) =

(
pk

nt(j)
Pk

nt

)−σ
Qk

nt

Equilibrium prices :

pk
nt(j) = Bk wk

nt
γk

Pnt
1−γk

Ak
ntzk

n (j)
, Bk = γk −γ

k

(1− γk)γ
k−1

Pk
nt = ξBk wk

nt
γk

Pnt
1−γk

Ak
nt T k 1/θ , ξ =

[
Γ

(
1− σ
θ
− 1
)] 1

1−σ

Pnt =
∏
k

αk −α
k

Pk
nt
αk
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Solution in Autarky (2)

Demand for inputs :

lknt(j) = γk pk
nt(j)Qk

nt(j)
w j

nt
⇒ wk

ntL
k
nt = γkPk

ntQ
k
nt

Mk
nt(j) = (1− γj )

pk
nt(j)Qk

nt(j)
Pnt

⇒ PntMk
nt = (1− γk)Pk

ntQ
k
nt

Finally, real output :

Ynt =
k∏

k=1

Rk
n

(
αkγk∑
j α

jγj

) αkγk∑
j α

jγj

Ak
nt
αk/γk

Lnt

with Rn a constant
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Solution with international trade

Inputs can potentially be sourced from different countries :

G k
nt(p) = 1− e−Φk

ntp
θ

, Φk
nt =

∑
m

T k
m

Bk wk
mt

γk
P1−γk

mt dk
mnt

Ak
mt

−θ

πk
nmt =

T k
n

(
Bk wk

nt
γk

P1−γk
nt dk

mnt
Ak

nt

)−θ
Φk

mt

Equilibrium prices :

pk
nmt(j) = Bkdk

nmt
wk

nt
γk

Pnt
1−γk

Ak
ntzk

n (j)
, Bk = γk −γ

k

(1− γk)γ
k−1

Pk
nt = ξ Φk

nt
−1/θ

, ξ =

[
Γ

(
1− σ
θ
− 1
)] 1

1−σ

Pnt =
∏
k

αk −α
k

Pk
nt
αk
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Solution with international trade (2)

Market equilibria

wk
ntL

k
nt = γk

J∑
m=1

[
αk +

1− γk

γk
wk

mtL
k
mt

wmtLmt

]
wmtLmt

wntLnt =
∑
k

wk
ntL

k
nt

Lk
nt

Lnt
= Et−1

[
wk

ntL
k
nt∑

j w j
ntL

j
nt

]

Resolution : i) Given Lj
nt , equilibrium conditions give prices and

market shares as a function of Z k
nt ≡ T k

n

[
Lnt
(
Ak

nt
)1/γk]γkθ

,
the augmented productivity, ii) solve for the sectoral shares
(expected value of sectoral VA shares)
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Volatility and Trade

Intuition using a one-sector EK model
In autarky :

Var(Ŷ a
nt) =

1
(γθ)2

Var(Ẑnt)

where x̂t ≡ d ln xt
In the costless equilibrium :

Var(Ŷnt) =
1

(γθ)2


(

sn + γθ

1 + γθ

)2

Var(Ẑnt)︸ ︷︷ ︸
domestic exposure

+

(
1

1 + γθ

)2∑
m 6=n

s2mVar(Ẑmt)

︸ ︷︷ ︸
foreign exposure

+ 2
sn + γθ

1 + γθ

1
1 + γθ

∑
m 6=n

Cov(Ẑnt , Ẑmt)

︸ ︷︷ ︸
Covariances


where sn is the relative size of country n, at the mean Znt
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Volatility and Trade (2)

With uncorrelated shocks and constant variances :

Var(Ŷnt) =
1

(γθ)2

(sn + γθ

1+ γθ

)2

σ2 +

(
1

1+ γθ

)2 ∑
m 6=n

s2mσ
2


< Var(Ŷ a

nt)

⇒ Diversification of risk across countries

In general, impact of trade on volatility depends on :
1 Extent of diversification towards low volatile, uncorrelated

countries
2 Volatility of comparative advantaged sectors
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Empirical strategy

Calibration of the observed parameters :
{αk

n} and {γk
n} fitted to data on sectoral absorption, value

added and output
θ and σ calibrated (θ ∈ [2, 8], σ = 2)
{dk

nmt} calibrated based on bilateral trade data (assuming
dk
nmt = dk

mnt) :

dk
nmt =

(
πk

nmtπ
k
mnt

πk
nntπ

k
mmt

)1/2θ

{Z k
nt} calibrated using the (inverse of the) formula for πk

nmt ,
then filtered to remove the LR component and finally
decomposed into sector- vs country-specific components using
a factor model
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Counterfactual analysis

i. Quantify the impact that changes in tariffs between 1972 and
2007 have had on the volatility of countries’ GDP

ii. Counterfactual volatility muting either the country- or the
sector-specific sources of TFP shocks
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Impact of tariff reductions on volatility

Table 1: Baseline and counterfactual change in volatility (measured as variance) under free
trade. Baseline calibration with θ = 4.

Benchmark
volatility

(1)

Volatility
absent sectoral

shocks
(2)

Volatility
at 1972s

trade barriers
(3)

Volatility absent
sectoral shocks,

at 1972s
trade barriers

(4)

Australia 0.00085 0.00081 0.00090 0.00090 -5.6% 4.8% -10.4%

Austria 0.00023 0.00020 0.00037 0.00033 -37.5% -3.5% -34.0%

Belgium and Luxembourg 0.00035 0.00019 0.00465 0.00426 -92.4% -4.8% -87.5%

Canada 0.00019 0.00014 0.00040 0.00037 -53.0% 4.2% -57.2%

China 0.00631 0.00581 0.00630 0.00582 0.2% 0.3% -0.1%

Colombia 0.00113 0.00089 0.00106 0.00084 6.2% 1.3% 4.9%

Denmark 0.00031 0.00013 0.00049 0.00032 -35.5% 5.5% -41.0%

Finland 0.00038 0.00034 0.00046 0.00045 -16.3% 7.2% -23.5%

France 0.00022 0.00012 0.00023 0.00014 -7.5% 4.1% -11.6%

Germany 0.00028 0.00014 0.00029 0.00018 -5.3% 6.0% -11.3%

Greece 0.00032 0.00023 0.00028 0.00022 13.9% 10.4% 3.5%

India 0.00087 0.00082 0.00159 0.00150 -45.7% -2.9% -42.7%

Ireland 0.00078 0.00055 0.06890 0.06919 -98.9% 0.8% -99.6%

Italy 0.00017 0.00009 0.00015 0.00010 12.4% 19.5% -7.1%

Japan 0.00027 0.00011 0.00025 0.00011 8.2% 7.4% 0.8%

Mexico 0.00066 0.00076 0.00186 0.00202 -64.3% 3.3% -67.6%

Netherlands 0.00021 0.00012 0.00239 0.00260 -91.4% 12.1% -103.5%

Norway 0.00055 0.00046 0.01116 0.01078 -95.1% -2.7% -92.4%

Portugal 0.00115 0.00082 0.00193 0.00170 -40.3% 5.4% -45.6%

ROW 0.00164 0.00173 0.00163 0.00173 0.6% 0.8% -0.2%

South Korea 0.00094 0.00069 0.00097 0.00072 -3.3% -0.9% -2.4%

Spain 0.00018 0.00015 0.00017 0.00016 9.3% 14.7% -5.4%

Sweden 0.00020 0.00020 0.00030 0.00029 -32.7% -2.1% -30.6%

United Kingdom 0.00020 0.00016 0.00020 0.00018 0.4% 9.2% -8.8%

United States 0.00028 0.00017 0.00027 0.00018 2.1% 3.2% -1.1%

Average 0.00075 0.00063 0.00429 0.00420 -26.8% 4.1% -31.0%

Average volatility Changes in average volatility due to measured
changes in trade barriers

Volatility change
due to change in

trade barriers
(5)

Volatility change
due to

specialization
(6)

Volatility change
due to

diversification
(7)

Note: Column (1) shows the average volatility in the baseline model using the calibrated kappas and shocks from 1972-2007. Column (2) is the
volatility in (1) after removing common sectoral shocks. Column (3) shows the average volatility using the calibrated shocks from 1972-2007 under
the assumption that trading costs in manufacturing and agriculture remain at their 1970 levels. Column (4) is similar to (3), after removing common
sectoral shocks. Column (5) shows the percent change in average volatility as economies lowered their trading costs (move from (3) to (1)). Column
(6) shows the contribution of specialization to the change in volatility in (5). Column (7) shows the contribution of diversification to the change in
volatility in (5).
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Welfare gains are always reduced in comparison to benchmark
⇒ Trade in intermediates, Sectoral heterogeneity and Sectoral

linkages all matter
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Impact of tariff reductions on volatility (2)

Two thirds of the countries experienced a ↓ in volatility (>90%
for Bel-Lux, IRL, NLD, NOR)

Diversification channel contributes to reducing Var in 90% of
countries

Specialization channel contributes to increasing Var in 2/3 of
countries

Limits :
- Mixed evidence that trade indeed reduces volatility
- Quantitative analysis circumvent the problem of causal
identification...

- ... But is strongly dependent on the underlying assumptions

- eg does not take into account granularity effects (di Giovanni
and Levchenko, 2012)
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Conclusion

EK model can be used to run counterfactuals on various
questions :

Spillover effects of China’s growth on the RoW (Hsieh & Ossa,
2011, di Giovanni et al, 2014)
Impact of trade with emerging countries on labour markets
(Levchenko and Zhang, 2013)
Impact of trade on the skill premium (Burstein & Vogel, 2012
and Parro, 2013)
...

Some of these topics will be studied in the second semester’s
course
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