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Abstract. U.S. President Trump has threatened to leave the North American Free6

Trade Agreement. How much would each member country gain or lose if this threat7

is carried out? Would trade imbalances within the region diminish? What would8

the transition to new production and expenditure patterns look like? I provide9

quantitative answers to these questions using a dynamic general equilibrium model10

with a multi-sector input-output production structure, heterogeneous firms that11

make forward-looking export participation decisions, and adjustment frictions in12

trade and factor markets. Regional trade flows would fall dramatically, and while13

the U.S. trade deficit with Canada would decline, the deficit with Mexico would14

grow. Welfare would fall by 0.04%, 0.12%, and 0.2% in the United States, Canada,15

and Mexico, respectively, and transition dynamics would significantly affect welfare16

in both the short run and the long run.17

Résumé. Not provided by author.18

19

JEL classification: F13, F17, F41, F4220

We are in the NAFTA (worst trade deal ever made) renegotiation process with21

Mexico & Canada.Both being very difficult,may have to terminate?22

–U.S. President Donald Trump, Twitter, August 27, 201723

1. Introduction24

The North American Free Trade Agreement is under threat. Shortly after25

taking office, U.S. President Donald Trump called the agreement “the worst26

trade deal in history, ” blaming it for persistent U.S. trade deficits and falling27
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2 J. Steinberg

manufacturing employment, and threatened to pull out if it could not be28

renegotiated to his administration’s satisfaction. Although trade negotiators29

from the three NAFTA member countries have recently agreed upon a30

replacement framework, there is considerable uncertainty about whether this31

agreement will be passed by their legislatures, and so NAFTA termination32

remains a possibility. In this paper, I use a dynamic general equilibrium model33

to quantify the short- and long-run effects of terminating NAFTA on trade34

flows, welfare, sectoral reallocation, and trade imbalances.35

Signed in 1992 and implemented in 1994, NAFTA created the largest36

free trade area the world had ever seen. Since the agreement’s inception,37

trade between its members has grown dramatically and their economies38

have become heavily intertwined. Canada and Mexico trade significantly39

more with the United States than they do with any other country, and the40

United States only trades more with China than it does with its neighbors.41

Extensive regional supply chains have blossomed as trade has grown. In the42

transportation equipment sector, for example, intermediate input trade with43

the United States accounts for 30% Canada’s gross output and more than44

50% of Mexico’s.45

Recently, however, trade relationships in the region have become strained.46

President Trump has pointed to U.S. trade deficits with Canada and Mexico47

as evidence of the deal’s “unfairness” and his administration has forced talks48

to renegotiate the agreement, threatening to leave it entirely if a satisfactory49

deal is not reached. Canada’s trade policies, in particular, have earned the50

President’s ire. Soon after he took office, his Commerce Department imposed51

countervailing duties of a whopping 292% on imports of Bombardier aircraft152

and promised to impose 24% duties on softwood lumber. More recently,53

the President has complained vociferously about Canada’s dairy supply54

management system and levied tariffs on Canadian steel and aluminum.255

Although renegotiation talks have proceeded slowly, trade negotiators from56

the three countries signed a “new NAFTA,” the United States-Mexico-57

Canada Agreement (USMCA), in November 2018. Since then, however,58

these countries’ legislatures have made little progress towards passing this59

agreement. There remains widespread concern that they will fail to do so,60

which could prompt the Trump adminstration to make good on its termination61

threats. In this paper, I quantify the macroeconomic consequences that would62

follow NAFTA’s dissolution, providing answers to key questions such as: how63

1 These duties were levied in September, 2017. In January, 2018, the U.S. International
Trade Comission rejected the duties, however, finding in favor of Bombardier in the
dispute.

2 The Trump administration announced tariffs of 25% on steel and ten% on aluminum in
March, 2018, citing national security interests. Despite their NAFTA membership,
Canada and Mexico were not exempted from these tariffs. The United States imports
negligible amounts of these products from Mexico.
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The Macroeconomic Impact of NAFTA Termination 3

much would each country’s welfare rise or fall? Which industries would gain64

and which would lose? Would trade imbalances within the region shrink?65

How long would the transition to a post-NAFTA equilibrium take? Would66

this transition play a significant role in determining the welfare consequences67

of NAFTA termination?68

To answer these questions, I develop a dynamic general equilibrium model69

with a detailed input-output production structure, heterogeneous firms that70

make forward-looking export participation decisions, and convex costs of71

adjusting factor allocations and imports over time. The model has four72

countries: the United States, Canada, Mexico, and the rest of the world.73

Households in each country work, consume, invest, and borrow or lend by74

trading bonds. Each country has five production sectors: agriculture, resource75

extraction, transportation equipment, other manufacturing, and services.76

Firms in each sector are heterogeneous in productivity and produce output77

using capital, labor, and intermediate inputs sourced from around the world.78

Firms are also heterogeneous in access to export markets. A firm must pay a79

large sunk cost to start exporting and it must pay a smaller cost to continue80

exporting in the future. I calibrate the model’s parameters so that it replicates81

an input-output matrix from theWorld Input Output Database (Timmer et al.82

2015) that contains data on NAFTA countries’ current production and trade83

relationships, and a set of facts about the size distribution and dynamics of84

exporting firms.85

I use the calibrated model to quantify the impact of NAFTA termination by86

comparing two equilibria: the benchmark, in which NAFTA remains in force87

forever; and the termination equilibrium, in which NAFTA ends permanently88

in 2019. When NAFTA is terminated, NAFTA members levy the same most-89

favored-nation (MFN) import tariffs on each other’s products that they levy90

on products from other World Trade Organization members. MFN tariffs are91

particularly high in the transportation sector, and Mexico also levies high92

tariffs on agricultural products. In the long run, bilateral trade flows between93

NAFTA members would fall by 6.7–15.6% if NAFTA is terminated. Trade94

would fall most in agriculture and resources, which have high trade elasticities,95

and least in the transportation sector, which has a very low trade elasticity.96

Production and consumption in the transportation sector, however, would fall97

substantially, illustrating the importance of intermediate input trade for this98

sector. Contrary to the Trump Administration’s claims, NAFTA termination99

would not lead to a rebalancing of regional trade flows; the U.S. trade deficit100

with Canada would shrink but the deficit with Mexico would grow.101

The long-run welfare consequences of NAFTA termination are of similar102

magnitude to estimates in the literature of the welfare effects of other trade103

reforms. Consumption would fall by 0.05% in the United States, 0.13% in104

Canada, and 0.26% in Mexico. The economy would take many years to105

transition to its post-NAFTA steady state, but this adjustment process would106

not be costly: including these transition dynamics, the welfare losses from107
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4 J. Steinberg

NAFTA termination would be 5.6–14.3% lower than the long-run declines108

in consumption. The fact that the post-termination transition would not be109

costly does not, however, imply that the model’s dynamic ingredients are not110

important; these ingredients have significant effects in the long run, not just111

during the transition. Import adjustment frictions and international borrowing112

and lending significantly reduce welfare losses—more so in the long run than113

in the short run, in fact—while extensive-margin dynamics amplify welfare114

losses. Conversely, several of the model’s “static” ingredients, like input-115

output linkages and production complementarities, have dramatic effects on116

transition dynamics that alter the timing of the welfare losses from NAFTA117

termination as well as the long-run consequences.118

This paper contributes to several strands of literature. First, it contributes119

to the growing literature on the effects of protectionist trade policies. A120

number of recent studies have analyzed the implications of the United121

Kingdom’s impending departure from the European Union (Dhingra et al.122

2016c;b;a, McGrattan and Waddle 2018, Ebell et al. 2016, Baker et al.123

2016, Steinberg 2019). Barattieri et al. (2019) and Ruhl (2014) study the124

macroeconomic consequences of temporary trade barriers like antidumping125

and countervailing duties. Conconi et al. (2018) show how rules of origin126

requirements in free trade agreements like NAFTA increase the cost of trading127

with the rest of the world. My paper is the first to quantify the consequences128

of NAFTA termination for macroeconomic dynamics.129

More generally, my paper contributes to the recent literature that130

quantitifies the effects of trade policy reforms using models with many131

countries, many sectors, and international input-output linkages (Caliendo132

and Parro 2015, Costinot and Rodríguez-Clare 2014, Giri et al. 2017).133

These studies highlight the importance of intersectoral and international134

heterogeneity in determining the aggregate effects of trade policy changes. My135

paper builds on this literature by embedding a rich, input-output production136

and demand structure into a dynamic model, which allows me to analyze137

quantitatively the transition dynamics that would follow NAFTA termination138

as well as the long-term consequences. My results indicate that input-output139

linkages, production complementarities, and other “static” model ingredients140

that shape the international production and demand structure have significant141

effects on transition dynamics as well as in the long run. These findings142

highlight the importance of analyzing trade policy reforms in a dynamic143

context.144

Finally, a number of other recent studies have analyzed the macroeconomic145

effects of trade policy reforms and other shocks in dynamic, open-economy146

models with adjustment frictions on investment (Bajona and Kehoe 2010,147

Brooks and Pujolas 2018, Ravikumar et al. 2019, Eaton et al. 2011),148

employment (Dix-Carneiro 2014), and trade (Baldwin 1992, Krugman 1986,149

Engel and Wang 2011, Alessandria and Choi 2007; 2014, Ruhl 2008,150

Alessandria and Choi 2019, Alessandria et al. 2018). My model features151
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all three, and is the first to integrate them into a multi-country, multi-152

sector setting with a realistic input-output production structure. My analysis153

makes a particularly significant methodological contribution by embedding154

the export participation dynamics framework of Das et al. (2007), in which155

heterogeneous firms pay sunk costs to begin exporting, into this setting. Other156

studies that analyze export participation dynamics in general equilibrium,157

such as Alessandria and Choi (2007; 2014), restrict their attention to158

symmetric, two-country models without intermediate input trade,3 limiting159

their ability to draw quantitative conclusions about real-world policy changes.160

More broadly, my study shows that these dynamic ingredients can have161

significant consequences in the long run as well as the short run, further162

highlighting the importance of using dynamic models in quantitative trade163

analysis.164

2. What’s at stake: key facts about tariffs, trade, and production165

To set the stage for my analysis of the consequences of NAFTA termination,166

I first turn to the data to summarize what’s at stake: how much tariffs on167

trade between NAFTA members could rise and how important this trade is168

for their economies.169

2.1. Tariffs170

How much could tariffs rise if NAFTA is terminated? The United States,171

Canada, and Mexico are all members of the World Trade Organization, and172

the WTO’s most-favored-nation (MFN) rule stipulates that in the absence173

of a regional free trade agreement, each WTO member should levy the174

same tariffs on all other WTO members’ products. The WTO reports each175

member country’s MFN tariff schedule at the 6-digit HS industry level. I176

combine these schedules with COMTRADE data on bilateral trade between177

the three NAFTA countries at the same 6-digit level to compute import-178

weighted bilateral tariff rates for four broad goods sectors: agriculture,179

resource extraction, transportation equipment, and other manufacturing.180

Table 1 lists the HS code ranges included in each sector and table 2 shows the181

results of the analysis.182

The transportation equipment sector, whose international supply chain has183

featured prominently in media coverage of the NAFTA debate, would have184

relatively high post-NAFTA tariffs compared to other manufactured goods.185

The elasticity of subsitution between domestic and foreign products in this186

3 One recent exception is Mix (2018), who includes a Das et al. (2007)-based export
participation framework in a multi-country model. His model, however, features only
one sector and does not have trade in intermediate inputs. Additionally, it does not
feature firms that are heterogeneous in productivity, and so trade policy changes do not
reallocate resources across firms as in Melitz (2003).
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sector is very low (Caliendo and Parro 2015), which indicates that a reduction187

in trade in this sector triggered by NAFTA termination could be particularly188

painful. The resource sector, which is particularly important for Canada and189

Mexico, would have low post-NAFTA tariffs. The trade elasticity in this sector190

is very high, however, which suggests that even a small increase in tariffs191

could lead to a large drop in trade. Finally, Mexico would levy very high192

post-NAFTA tariffs on agricultural products, and because the trade elasticity193

in agriculture is also relatively high this could lead to a large reduction in194

agricultural trade.195

This analysis may understate the extent to which trade costs could rise as196

a result of NAFTA termination. The literature on trade costs has found that197

non-tariff barriers like transportation costs, differences in product regulations,198

and search costs are often larger than tariffs (Anderson and van Wincoop199

2004, Allen 2014, Lim 2018). This is particularly true in the services sector,200

which I have excluded from the analysis above because tariffs on services trade201

are essentially nonexistent. Data limitations make it difficult to conclusively202

determine the potential effects of NAFTA termination on bilateral non-tariff203

barriers in trade between NAFTA members, but it is important to recognize204

that, because these costs do not generate any tariff revenue, they can have205

larger welfare costs than tariffs.4206

2.2. Trade flows and production207

The macroeconomic consequences of NAFTA termination depend not only on208

potential increases in tariffs, but also on the importance of intra-NAFTA209

trade for member countries, particularly in sectors like agriculture and210

transportation equipment in which trade costs could rise substantially.211

To depict NAFTA members’ key production and demand relationships,212

I use the World Input Output Database (Timmer et al. 2015), henceforth213

abbreviated as WIOD. This dataset, which has been widely used in recent214

international trade studies, contains annual data on production, intermediate215

inputs, and final demand for 43 countries and 56 industries. Unlike national216

input-output tables that are reported by national statistical agencies like217

the U.S. Bureau of Economic Analysis and Statistics Canada, the WIOD218

data break down each reporter country’s imports by source country and use219

(intermediate input or final expenditure), and thus provide a complete picture220

of the world input-output structure. I aggregate all countries other than the221

United States, Canada, and Mexico into a single “rest of the world” country,222

and I aggregate the 56 industries into the same four sectors described in223

section 2.1, plus a fifth services sector. I use the data for 2014, which is the224

last year in the dataset and several years before NAFTA termination entered225

the realm of possibility. Table 3 summarizes the macroeconomic importance226

4 In a simple experiment with my model in which I increased iceberg transportation costs
instead of tariffs, welfare losses were significantly larger than in my baseline analysis.

Canadian Journal of Economics / Revue canadienne d’économique 20XX 00(0)



The Macroeconomic Impact of NAFTA Termination 7

of these relationships by listing trade and production figures as a fraction of227

each country’s GDP, and figures 1–3 provide visual illustrations.228

2.2.1. Aggregate trade openness229

Figure 1 shows that NAFTA members differ substantially in their exposure230

to international trade. Overall, the United States is less open to trade than231

Canada and Mexico. International trade (measured as the sum of exports and232

imports) was 24.7% of U.S. GDP in 2014, compared to 64.9% and 58.9% for233

Canada and Mexico, respectively. Further, trade with other NAFTA members234

is less important for the United States. Trade with Canada and Mexico235

accounts for a quarter of total U.S. trade, while trade with other NAFTA236

countries—primarily the United States—accounts for more than 60% of total237

trade for Canada and Mexico. These facts suggest that Canada’s and Mexico’s238

stakes in the future of NAFTA are much higher than the United States’.239

2.2.2. Sectoral production and trade240

Figure 2 shows that NAFTA members also differ substantially in the sectoral241

composition of their trade and output. Panel (a), which shows overall regional242

trade flows relative to sectoral GDP, illustrates the importance of NAFTA243

trade for each sector. Panel (b), which shows regional intermediate input244

trade, illustrates the importance of regional supply chains. Panels (c) and245

(d), which show the sectoral composition of each country’s GDP and regional246

trade flows, respectively, illustrate the macroeconomic significance of regional247

trade flows in each sector.248

The agriculture sector is less open to regional trade than other sectors249

and accounts for a small fraction of GDP in all three NAFTA countries.250

Consequently, high post-NAFTA tariffs in this sector may have small251

aggregate consequences. In Canada and Mexico, however, trade with the252

United States accounts for 62 and 45% of agricultural value added,253

respectively, and so the sector-level stakes for these countries are high. This is254

particularly true in Mexico where agriculture tariffs stand to rise dramatically.255

NAFTA countries all trade resources intensively—this sector accounts for a256

larger share of their trade than their value added—but resource trade within257

NAFTA is particularly important for Canada. Resource trade with the United258

States, in particular, is close to 100% of Canadian value added in this sector259

and almost 8% of Canadian GDP. Post-NAFTA tariffs in this sector are likely260

to be low, but because resources are highly substitutable across countries261

(Caliendo and Parro 2015), even these low tariffs could have a significant262

impact on Canada’s resource sector and Canada’s economy as a whole.263

The transportation equipment sector is about the same size as the264

agriculture sector in all three NAFTA countries but is more exposed to265

international trade, particularly trade in intermediate inputs within the266

NAFTA region (see panel (b) of figure 2). In all three countries, trade in267

transportation equipment is larger than value added due to these extensive268

Canadian Journal of Economics / Revue canadienne d’économique 20XX 00(0)



8 J. Steinberg

international input-output linkages. In Canada’s transportation equipment269

sector, trade with the United States and Mexico is more than four times value270

added; imported intermediates of U.S.-made transportation equipment alone271

are almost three-quarters of Canada’s value added in this sector. Combined272

with high post-NAFTA tariffs on transportation equipment and a very low273

trade elasticity (Caliendo and Parro 2015), these facts imply that NAFTA274

termination could cause significant disruption in this sector that could have275

aggregate consequences despite the sector’s small size.276

Trade is also important for the rest of the manufacturing sector, where277

trade exceeds value added in all three NAFTA countries. Compared to278

transportation equipment, this sector accounts for a significantly larger279

share of GDP in each of these countries, but the consequences of NAFTA280

termination are lower; tariffs in other manufacturing will rise less than in281

transportation equipment and the trade elasticity is higher.282

The services sector, the largest sector in each of the three countries, is283

unlikely to be significantly affected by NAFTA termination. Services are284

tradable—each country trades more services than agricultural products, for285

example—but the services sector is significantly less open to trade than other286

sectors. Further, terminating NAFTA should have little effect on services trade287

costs since tariffs on services do not exist.288

2.2.3. Trade imbalances289

One of the key issues at play in the debate over NAFTA is trade imbalances.290

U.S. president Trump has stated repeatedly that U.S. trade deficits with291

Canada and Mexico suggest that NAFTA is “unfair” to the United States,292

and that shrinking, or even reversing, these deficits is his administration’s293

primary goal in renegotiating or terminating NAFTA.294

Recently, as figure 3 shows, the United States has indeed run trade deficits295

with both Canada and Mexico, but these deficits are small relative to the296

aggregate U.S. trade deficit. The U.S. trade deficit with the rest of the world297

is more than three times larger than the deficit with Mexico and almost six298

times larger than the deficit with Canada. Consequently, whatever the effects299

of NAFTA termination on bilateral U.S. deficits with Canada and Mexico,300

the effect on the aggregate U.S. trade deficit (not to mention aggregate U.S.301

production, employment, and welfare) is likely to be small.302

These imbalances are more important when viewed from the Canadian303

and Mexican perspectives, however. The trade surplus with the United States304

in 2014 was 3.5% and 7.3% of GDP in Canada and Mexico, respectively.305

Thus, rebalancing trade within the NAFTA region could have significant306

macroeconomic consequences for these two countries.307

It is not clear ex ante how NAFTA termination will affect these imbalances.308

Canada’s trade surplus with the United States consists mostly of natural309

resources which will likely be taxed lightly when NAFTA is terminated but are310

highly substitutable across countries. Mexico’s trade surplus consists mostly of311
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transportation equipment and other manufacturing. While post-NAFTA trade312

in transportation equipment will be taxed more heavily, the trade elasticity in313

this sector is low, and tariffs will not rise significantly on other manufacturing.314

Additionally, although Mexican agriculture trade with the United States is315

currently balanced, Mexico will levy much higher post-NAFTA tariffs in this316

sector than the United States.317

3. Model318

The model I use to analyze the consequences of NAFTA termination is a319

dynamic general equilibrium environment with four countries: the United320

States, Canada, Mexico, and the rest of the world. The length of a period is321

one year—period 0 in the model corresponds to the year 2014 in the data—and322

there is no uncertainty.5 Each country has a representative household and five323

production sectors that correspond to the sectors analyzed above: agriculture,324

resource extraction, transportation equipment, other manufacturing, and325

services. Countries are indexed by i, j ∈ I and sectors are indexed by r, s ∈ S.326

Households work, consume, invest, and save. Firms in each sector produce327

differentiated varieties using capital, labor, and intermediate inputs. Firms328

are heterogeneous in productivity, which is exogenous, and access to foreign329

markets, which is endogenous. As in Das et al. (2007) and Alessandria and330

Choi (2007; 2014), firms must pay a large fixed cost to begin exporting to a331

foreign market and a smaller cost to continue exporting in the future. Thus,332

the model features both intensive and extensive trade adjustment margins.333

Trade policy is modeled as import tariffs that are rebated lump-sum to334

households.335

Transition dynamics in the model are driven by several ingredients. First,336

export participation rates adjust gradually to price changes or changes337

in tariffs as firms start and stop exporting in response to idiosyncratic338

productivity shocks. Second, households can shift resources intertemporally339

by accumulating or decumulating physical capital, and by borrowing or340

lending internationally. Third, the model features convex costs of adjusting341

sectoral factor allocations and import quantities, which prolong the sectoral342

reallocations and changes in trade patterns that are caused by trade policy343

reforms. Because the fixed costs of exporting and the costs of adjusting imports344

and factor allocations are denominated in units of labor, the amount of labor345

available for production decreases during transitions.346

5 Steinberg (2019) finds that trade policy uncertainty associated with Brexit has had
small macroeconomic and welfare consequences, even though the overall impact of
Brexit on the UK economy may be substantially larger than the effect that NAFTA
termination will have on the United States, Canada, or Mexico.
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3.1. Households347

The representative household in each country i chooses consumption, Ci,t,348

investment, Xi,t, labor supply, Li,t, and bond holdings, Bi,t+1, to maximize349

its lifetime utility,350

∞∑
t=0

βt
1
ψ

[
Cγi,t(L̄i − Li,t)

1−γ]ψ , (1)351

subject to a sequence of budget constraints352

P ci,tCi,t + P xi,tXi,t +QtBi,t+1 = Wi,tLi,t +Ri,tKi,t +Bi,t +Di,t + Ti,t, (2)353

a law of motion for capital,354

Ki,t+1 = (1− δ)Ki,t +Xi,t, (3)355

and initial conditions for capital, Ki,0, and bonds, Bi,0. The parameter356

γ governs the share of consumption in flow utility and ψ governs the357

intertemporal elasticity of substitution. Wi,t and Ri,t denote the wage and358

capital rental rate, and L̄i is the household’s time endowment. P ci,t and P xi,t are359

the prices of consumption and investment. Ti,t denotes the lump-sum transfer360

of import tariff revenue and Di,t represents aggregate dividend payments from361

firms, whose behavior I describe below. The discount factor used to value these362

dividends is363

Λi,t = β
P ci,t
P ci,t+1

Ui,c,t+1

Ui,c,t
, (4)364

where Ui,c,t is the household’s marginal utility of consumption in period t.365

3.2. Aggregation across sectors366

The aggregate consumption and investment goods purchased by households367

are constant-elastiticity-of-substitution (CES) composites of final goods from368

each of the five sectors. The aggregate consumption bundle, Ci,t, is given by369

Ci,t = Aci

[∑
s∈S

εc,si (Csi,t)
ρc−1
ρc

] ρc

ρc−1

, (5)370

where Csi,t is consumption of sector-s goods. The parameter εc,si governs371

sectoral consumption shares, ρc is the elasticity of substitution between372

sectors in consumption, and Aci is a constant scaling factor used to facilitate373

calibration. The price of consumption is given by the ideal price index,374

P ci,t = 1
Aci

[∑
s∈S

(εc,si )ρ
c
(
P f,si,t

)1−ρc
] 1

1−ρc

, (6)375
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where P f,si,t is the price of final goods in sector s. The aggregate investment376

good is produced and priced in a similar fashion with parameters Axi , ε
x,s
i ,377

and ρx.378

3.3. Aggregation within sectors379

The sectoral final goods that make up aggregate consumption and investment380

are purchased from competitive distributors that combine domestic and381

foreign products. Distributors’ techologies have a nested CES structure. The382

inner layer combines differentiated varieties from each source country into383

source-specific bundles, and the outer layer combines these bundles into a384

single sectoral composite. Distributors also sell intermediate inputs to firms;385

sectoral final goods and sectoral intermediate goods are aggregated separately.386

In what follows, I describe the aggregation of sectoral final goods. The387

aggregation process for sectoral intermediates works in the same manner with388

m superscripts in place of f superscripts.389

3.3.1. Inner layer390

The inner-layer technology, which combines a set of varieties, Ωsi,j,t, from391

source country j’s s-sector into a bundle, Y f,si,j,t, is given by392

Y f,si,j,t = Af,si,j

[∫
Ωs
i,j,t

yf,si,j,t(ω)
θ−1
θ dω

] θ
θ−1

. (7)393

The parameter Af,si,j is another scaling factor and θ is the elasticity394

of subsitution between varieties. The inner-layer intermediate aggregation395

technology takes the same form.396

The inner-layer problem of a distributor is to choose inputs of each variety397

to minimize the cost of producing the bundle taking as given the varieties’398

prices, pf,si,j,t(ω). Consequently, the bundle’s price is given by399

P f,si,j,t = 1
Af,si,j

[∫
Ωs
i,j,t

pf,si,j,t(ω)1−θ dω
] 1

1−θ

. (8)400

The set of varieties, Ωsi,j,t, which is specific to the purchasing country i as well401

as the source country j, is endogenous: it depends on decisions of firms in j402

to start or stop exporting to i. These decisions, which I describe in section403

3.4, generate the model’s extensive-margin trade adjustment dynamics. It will404

be useful to express a final distributor’s demand for a particular variety ω as405

a function of its price, which I denote by ỹf,si,j,t(p), which takes the standard406

downward-sloping form:407

ỹf,si,j,t(p) = Y f,si,j,t

(
P f,si,j,t

p

)θ
. (9)408
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3.3.2. Outer layer409

The outer-layer technology, which combines the source-specific bundles410

produced in the inner layer into the sectoral final good, Y f,si,t , is given by411

412

Y f,si,t = Af,si

∑
j∈I

µf,si,j

(
Y f,si,j,t

) ζf,si −1

ζ
f,s
i


ζ
f,s
i

ζ
f,s
i
−1

. (10)413

The parameter µf,si,j governs this bundle’s expenditure share and ζf,si is the414

elasticity of substitution between bundles from different source countries.415

These elasticities, which are allowed to vary by country, sector, and use, govern416

the intensive margin of trade adjustments. Af,si is another scaling factor.417

Distributors are responsible for paying import tariffs, denoted by τsi,j,t, on418

the bundles of foreign products they purchase, but they must also pay convex419

costs to adjust these bundles over time as in Krugman (1986). These costs are420

a parsimonious way of modeling import adjustment frictions like search costs421

required to find new foreign suppliers (Lim 2018). As I describe in the next422

section, the model features microfounded export adjustment frictions. The423

presence of these adjustment costs makes the distributor’s outer-layer problem424

dynamic: distributors choose sequences of domestic and foreign bundles to425

maximize the present value of their dividends,426

∞∑
t=0

Λi,tDf,s
i,t , (11)427

subject to (10), where dividends are given by

Df,s
i,t = P f,si,t Y

f,s
i,t −

∑
j∈J\{i}

(1 + τsi,j,t)P
f,s
i,j,tY

f,s
i,j,t (12)

−Wi,t

∑
j∈I\{i}

φf

(
Y f,si,j,t

Y f,si,j,t−1
− 1
)2

Y f,si,j,t−1.

The parameter φf governs the import adjustment cost for final distributors;428

there is an analogous parameter φm for intermediate distributors. Import429

adjustment costs, which are denominated in units of labor, cause the intensive430

margin of trade to adjust gradually to price changes or, in the case of NAFA431

termination, changes in tariffs. There are no import tariffs or adjustment costs432

on domestic purchases.433

3.4. Firms434

Each country i has a unit measure of monopolistically competitive firms in435

each sector s that produce differentiated varieties as in Melitz (2003) and436

Chaney (2008). Firms are heterogeneous in two dimensions: productivity,437
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which is exogenous and evolves stochastically over time; and export status438

in each foreign market, which is endogenous. Each firm is identified with a439

particular variety ω, but because all firms with the same productivity and440

export status will make the same decisions, I index firms by these variables441

rather than by their varieties. In order to export, a firm must pay a fixed442

cost that depends on the firm’s status as an exporter as in Das et al. (2007)443

and Alessandria and Choi (2007; 2014). These costs are independent across444

destinations, and consequently in this multi-country environment a firm may445

decide to export to one destination but not another. All firms can sell costlessly446

to the domestic market.447

3.4.1. Production448

Each period, firms draw productivities from a distribution F si (a); productiv-449

ities are iid across firms and over time. A firm with productivity a produces450

its output using capital, k, labor, `, and intermediate inputs from each sector,451

(mr)r∈S , according to the Leontief technology,6452

fsi (a, k, `, (mr)r∈S) = amin
{
kα`1−α

λs,vi
,min
r∈R

[
mr

λs,ri

]}
. (13)453

The direct requirement coefficients, λs,vi and λs,ri , govern the shares of value454

added and intermediates from each sector, respectively, in gross output. α455

is the share of capital in value added. Firms rent factors at sector-specific456

prices Rsi,t and W s
i,t from an intermediary, which I describe in section 3.5, and457

purchase intermediate inputs from distributors at prices Pm,ri,t , r ∈ S.458

3.4.2. Static profit-maximization problem459

Conditional on access to a given market j ∈ I—and note that all firms
have access to their own domestic markets—a firm in country i’s s-sector
chooses prices at which to sell its goods to that market’s final and intermediate
distributors, pf and pm, along the inputs required to satisfy those distributors’
demands, to maximize its flow profits in that market:7

πsj,i,t(a) = (14)

max
pf ,pm,k,`,(mr)r∈S

{
pf ỹf,sj,i,t(p

f ) + pmỹm,sj,i,t(p
m)−W s

i,t`−Rsi,tk −
∑
r∈S

Pm,ri,t mr

}
,

subject to460

6 This specification is based on the findings of Atalay (2017), who estimates elasticities of
substitution between value added and intermediates of approximately zero, and Kehoe
et al. (2018), who show that these elasticities account for the recent dynamics of U.S.
intermediate expenditure shares. In section 7.2 I analyze the sensitivity of my results to
this assumption.

7 The firm’s profit-maximization problem can be solved destination by destination
because firms’ production technologies have constant returns to scale.
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fsi (a, k, `, (mr)r∈S) = ỹf,sj,i,t(p
f ) + ỹm,sj,i,t(p

m). (15)461

The solution to this problem is characterized by the constant-markup pricing462

rule,463

pf = pm =
(

θ

θ − 1

)(
MCsi,t
a

)
, (16)464

whereMCi,t, which denotes the marginal cost of a firm with productivity one,465

is given by466

MCsi,t = λs,vi

(
Rsi,t
α

)α( W s
i,t

1− α

)1−α

+
∑
r∈S

λs,ri Pm,ri,t . (17)467

Denote by ksj,i,t(a), `sj,i,t(a), and ms,r
j,i,t(a) the demand for factors and468

intermediate inputs required to produce output for market j at these optimal469

prices.470

3.4.3. Dynamic export-participation problem471

Firms enter each period with a vector of export status indicators, ej ∈ {0, 1},
j ∈ I \{i}, that denote access (ej = 1) or lack thereof (ej = 0) to each foreign
market. After drawing their productivities, firms decide whether or not to gain
access to each export market. In order to sell to market j, a firm in country
i’s s-sector must pay a cost, κsj,i(ej), that depends on its current status as an
exporter in that market. Like the costs that distributors must pay to adjust
imports, firms’ exporting costs are denominated in units of labor. The firm’s
dynamic program for market j is8

V sj,i,t(a, ej) = (18)

max
e′
j
∈{0,1}

{
πsj,i,t(a)e′j −Wi,tκ

s
j,i(ej) + Λi,t

∫
V sj,i,t+1(a′, e′j) dF si (a′)

}
.

The solution to this problem is characterized by two productivity threshholds,
as,+j,i,t and a

s,−
j,i,t, such that

Wi,tκ
s
j,i(0) = πsj,i,t(a

s,+
j,i,t) + Λi,t

∫ ∞
−∞

∆V sj,i,t+1(a′)dF si (a′), (19)

Wi,tκ
s
j,i(1) = πsj,i,t(a

s,−
j,i,t) + Λi,t

∫ ∞
−∞

∆V sj,i,t+1(a′) dF si (a′), (20)

where ∆V sj,i,t+1(a′) = V sj,i,t+1(a′, 1) − V sj,i,t+1(a′, 0). Firms that begin the472

period as non-exporters (ej = 0) with productivity above as,+j,i,t will start473

exporting, while firms that begin the period as exporters (ej = 1) with474

productivity below as,−j,i,t will stop.475

8 As with the static problem, the firm’s dynamic problem can be solved destination by
destination because the exporting costs are independent.
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3.4.4. Aggregation across firms476

The measure of firms in i’s s-sector that export to j, Ωsj,i,t, evolves according477

to the following law of motion:478

Ωsj,i,t = Ωsj,i,t−1
[
1− F si (as,−j,i,t)

]
+
(
1− Ωsj,i,t−1

) [
1− F si (as,+j,i,t)

]
. (21)479

The aggregate demand for productive labor9 of firms in this sector is

L̂si,t =
∫ ∞
−∞

`si,i,t(a) dF si (a) +
∑
j∈I\i

{
Ωsj,i,t−1

[∫ ∞
as,−
j,i,t

`sj,i,t(a) dF si (a)
]

(22)

+
(
1− Ωsj,i,t−1

) [∫ ∞
as,+
j,i,t

`sj,i,t(a) dF si (a)
]}

.

The first term in this expression is the labor required to serve domestic480

distributors’ demand. The second term is the labor required by existing481

exporters to serve foreign demand, and the third term is the labor required by482

new exporters to serve foreign demand. Firms’ aggregate demand for capital,483

K̂s
i,t, and demand for sector-r intermediates, M̂s,r

i,t , are computed in a similar484

manner.485

3.5. Factor rental and adjustment costs486

Households rent capital and productive labor to firms through competitive487

intermediaries that repurpose the aggregate factors of production for sector-488

specific uses.10 Reallocating factors from one sector to another is costly:489

intermediaries must pay convex costs to increase or decrease a sector’s factor490

allocations. Intermediaries take the aggregate factor prices, Ri,t andWi,t, and491

the sectoral factor prices, (Rsi,t,W s
i,t)s∈S , as given, and choose aggregate factor492

demand from households, K̃i,t and L̃i,t, and the supply of factors to firms in493

each sector, (Ks
i,t, L

s
i,t)s∈S , to maximize the present value of their dividends,494 ∑

t=0
Λi,tDI

i,t, (23)495

subject to the resource constraints,496

K̃i,t =
∑
s∈S

Ks
i,t, L̃i,t =

∑
s∈S

Lsi,t. (24)497

9 Labor used to pay for the fixed exporting costs appears in the labor market clearing
condition (30)

10 The purpose of this modeling construct is to simplify the description of the model. This
setup is equivalent to one in which the sectoral factor allocation problem is assigned to
households, but the latter is significantly more cumbersome to describe.
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An intermediary’s dividends are given by

DI
i,t =

∑
s∈S

(
Rsi,tK

s
i,t +W s

i,tL
s
i,t

)
−Ri,tK̃i,t −Wi,tL̃i,t (25)

−
∑
s∈S

Wi,t

φk( Ks
i,t

Ks
i,t−1

− 1
)2

Ks
i,t−1 + φ`

(
Lsi,t
Lsi,t−1

− 1
)2

Lsi,t−1

 .

The parameters φk and φ` govern the cost of adjusting sectoral factor498

allocations. Like the other adjustment costs in the model, these costs are499

denominated in units of labor; in addition to hiring aggregate productive500

labor, L̃i,t, intermediaries must hire some workers to perform the tasks501

involved in increasing or decreasing each sector’s factor allocation. In502

equilibrium, sectoral rental prices reflect the marginal cost of adjusting factors503

as well as households’ intra- and intertemporal marginal rates of substitution,504

which are turn reflected by the aggregate factor prices.505

3.6. Market clearing506

There are several markets that must clear in each period. First, households’507

final demand for sectoral consumption and investment goods must equal final508

distributors’ supply of these goods:509

Y f,si,t = Csi,t +Xs
i,t, ∀i ∈ I, ∀s ∈ S (26)510

Similarly, firms’ demand for intermediates must equal intermediate distribu-511

tors’ supply:512

Y m,si,t =
∑
r∈S

M̂r,s
i,t , ∀i ∈ I, ∀s ∈ S (27)513

Third, firms’ demand for sectoral factors must equal intermediaries’ supply:514

Ks
i,t = K̂s

i,t, Lsi,t = K̂s
i,t, ∀i ∈ I, ∀s ∈ S. (28)515

Fourth, households’ supply of aggregate capital must equal intermediaries’516

demand:517

Ki,t = K̃i,t, ∀i ∈ I. (29)518

Fifth, households’ supply of labor must equal intermediaries’ demand for
productive labor, demand for labor to pay for distributors’ import adjustment
costs, demand for labor to pay for intermediaries’ sectoral factor reallocations,
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and firms’ demand for labor to pay for the fixed costs of exporting:

Li,t = L̃i,t (30)

+
∑
s∈S

∑
j∈I\i

φf ( Y f,si,j,t

Y f,si,j,t−1
− 1
)2

Y f,si,j,t−1 + φm

(
Y m,si,j,t

Y m,si,j,t−1
− 1
)2

Y m,si,j,t−1


+
∑
s∈S

φk( Ks
i,t

Ks
i,t−1

− 1
)2

Ks
i,t−1 + φ`

(
Lsi,t
Lsi,t−1

− 1
)2

Lsi,t−1


+
∑
s∈S

∑
j∈I\{i}

{
Ωsj,i,t−1

[
1− F si (as,−j,i,t)

]
κsj,i(1)

+
(
1− Ωsj,i,t−1

) [
1− F si (as,+j,i,t)

]
κsj,i(0)

}
, ∀i ∈ I.

Finally, the bond market must clear:519 ∑
i∈I

Bi,t+1 = 0. (31)520

3.7. Equilibrium521

An equilibrium consists of infinite sequences of522

• aggregate quantities, Ci,t, Xi,t,Ki,t, Li,t, Bi,t, K̃i,t, L̃i,t, and prices,523

P ci,t, P
x
i,t,Wi,t, Ri,t,524

• sectoral quantities, Csi,t, X
s
i,t, Y

f,s
i,t , Y

m,s
i,t ,Ks

i,t, L
s
i,t, and prices,525

P f,si,t , P
m,s
i,t , Rsi,t,W

s
i,t,526

• sector-source bundles, Y f,si,j,t, Y
m,s
i,j,t , and prices, P f,si,j,t, P

m,s
i,j,t ,527

• and firm value functions, V sj,i,t(a, ej), policy functions,528

ksj,i,t(a), `sj,i,t(a),ms,r
j,i,t(a), as,−j,i,t, a

s,+
j,i,t, and export participation rates,529

Ωsj,i,t,530

that solve the households’, distributors’, firms’, and intermediaries’ problems531

and satisfy the market clearing conditions. In the long run, if trade costs532

are constant, an equilibrium converges to a steady state in which the objects533

listed above are constant. As in Kehoe et al. (2018) and Steinberg (2019),534

there is not a unique steady state, however; there is a continuum of possible535

steady states indexed by the vector of long-run bondholdings, (Bi,∞)i∈I .536

Thus, trade imbalances during the transition, which can permanently alter537

a country’s net foreign asset position, can have permanent effects. Below, I538

show that allowing for endogenous trade imbalances has a significant impact539

on the long-run welfare consequences of NAFTA termination. Additionally,540

even though the model’s adjustment costs do not directly affect any of the541

steady-state equilibrium conditions, these ingredients also affect the steady542
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state to which the economy converges. Thus, the model’s dynamic ingredients543

can have implications for the long run as well as the short run.544

I construct two equilibria in my model. In the first, the benchmark, tariffs545

on intra-NAFTA trade are zero forever. In the second, the termination546

equilibrium, tariffs between NAFTA countries permanently rise by the values547

shown in table 2 in period t = 5, which corresponds to 2019. I assume that this548

policy change is unanticipated: in periods 0–4 of the termination equilibrium,549

model agents believe that trade costs will not change from their benchmark550

values.11 With these two equilibria in hand, we can measure the impact of551

NAFTA termination on each country’s macroeconomic and trade dynamics by552

comparing the trajectories of model variables in the termination equilibrium553

to their benchmark counterparts.554

4. Calibration555

My calibration proceeds in four stages. First, I assign common parameters like556

discount factors and elasticities of substitution to standard values. Second,557

I set the parameters that govern production technologies and expenditure558

shares so that the benchmark equilibrium—the one in which NAFTA is559

never terminated—matches the 2014 WIOD input-output data that underlies560

figures 1–3 and table 3. Third, I jointly calibrate the parameters that561

govern firm productivity distributions and exporting costs to match facts562

about export participation dynamics from the literature. Fourth, I set the563

import adjustment cost parameters so that short-run trade elasticities in the564

termination equilibrium are also consistent with findings from the literature.565

4.1. Assigned parameters566

Several of the model’s parameters have standard values. I set β, the discount567

factor, so that that the steady-state real interest rate is 2% per year. I set568

ψ, which governs the intertemporal elasticity of substitution, to −1. I set the569

depreciation rate, δ, to 6% and the capital share, α, to one-third. I set γ,570

the share of consumption in households’ utility, so that households supply571

one-third of their labor endowments in a steady state.572

I assign a number of other parameters to estimates reported by studies in573

the literature. I set ρc and ρx, the elasticities of substitution between sectors574

in consumption and investment, to 0.65 and 1.0, respectively, based on the575

findings of Bems (2008), Atalay (2017), and Kehoe et al. (2018). I set φk and576

φ`, the capital and labor adjustment cost parameters, to 6.5, the values used577

by Kehoe and Ruhl (2009) in their study of Mexico’s 1995 sudden stop; these578

values are similar to those estimated by Sargent (1978). I set θ, the elasticity579

of substitution between varieties from the same source country, to 5 based580

11 This assumption is benign; welfare losses are the same if the policy change is
anticipated.
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on Alessandria and Choi (2019). To set initial bondholdings, Bi,0, for the581

three NAFTA countries, I use data on their 2014 net foreign assets reported582

in the Lane and Milesi-Feretti (2007) dataset. The rest of the world’s initial583

bondholdings are implied by market clearing. Panel (a) of table 4 lists these584

assigned parameter values. Note that initial bondholdings are expressed as585

percentages of U.S. GDP.586

To set the Armington elasticities, ζm,si and ζf,si , I also use estimates587

from the literature. These parameters, which govern the intensive-margin588

response of imports to price changes, are not equivalent to long-run trade589

elasticities because the model also features an extensive margin. I set my590

model’s Armington elasticities to the trade-elasticity estimates of Caliendo591

and Parro (2015), which are computed using a single year of trade data in592

which the set of exporting firms is fixed, not long-run responses to price593

changes. The 2-digit ISIC classification used by Caliendo and Parro (2015)594

maps directly to the set of industries in the WIOD database that comprise the595

four goods sectors in the model. For each country i and goods sector s, I set the596

intermediate (final) elasticity, ζm,si (ζf,si ), to the average of the Caliendo and597

Parro (2015) estimates for the industries that comprise that sector, weighted598

by these industries shares’ in country i’s overall intermediate (final) imports599

of goods in that same sector. For the services sector, I follow Costinot and600

Rodríguez-Clare (2014) and set all elasticities to five, the average of the601

Caliendo and Parro (2015) estimates. Panel (b) of table 4 lists the assigned602

Armington elasticities, which range from 0.8 in transportation equipment to603

more than 40 in resources.604

4.2. Parameters calibrated to input-output data605

Once I have assigned the parameters listed above, I calibrate the expenditure606

share parameters, εc,si , εx,si , µm,si,j , µf,si,j , λ
s,v
i , λs,ri , the scaling factors, Aci ,607

Axi , A
m,s
i , Af,si , and the time endowments, L̄i, so that the first period of608

the benchmark equilibrium exactly matches the aggregated 2014 WIOD data609

described in section 2.2. 2014 is the most recent year available in the dataset610

and serves as a good no-termination counterfactual because President Trump’s611

election, and thus the possibility of NAFTA termination, was not foreseen at612

this time.613

This portion of the calibration procedure uses marginal product pricing614

equations and other equilibrium conditions to infer the values of these615

parameters that are consistent with the input-output data. The scaling factors616

are chosen so that, without loss of generality, all prices in the first period are617

one, which implies that the input-output data can be interpreted as both618

quantities and expenditures. For example, to calibrate the parameters of the619

consumption aggregator (5) for a given country i, I first set the expenditure620

share parameters, εc,si , using the ratios of the first-order conditions for sectoral621

consumption,622
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P f,si,0

P f,ri,0
= 1 = εc,si

εr,si

(
Csi,0
Cri,0

)− 1
ρc

, s, r ∈ S, (32)623

and the restriction that the expenditure share parameters sum to one:624 ∑
s∈S ε

c,s
i = 1. Given the input-output data for Csi,0, we can solve this system625

for the values of εc,si . Next, I use the calibrated values of εc,si with the input-626

output data for sectoral consumption, Csi,0, and aggregate consumption, Ci0,627

to find the scaling factor, Aci , that satisfies (5). Note that this choice also628

satisfies the ideal price index formula (6) when the prices on the left- and629

right-hand sides are set to one630

Once the expenditure share and scaling parameters have been calibrated631

so that the input-output data satisfy the model’s first-order conditions632

and aggregation technologies, the data naturally form an intratemporal633

equilibrium.12 This is because the WIOD data are constructed to satisfy all634

of the market-clearing conditions and budget constraints that must hold in635

the model. For example, gross output of U.S. agricultural goods equals global636

demand for these goods. For more details on this stage of the calibration637

procedure, see Kehoe et al. (2018). As in Steinberg (2019), I set all import638

tariffs, τsi,j,t, to zero in the benchmark equilibrium, including on trade with639

the rest of the world. This implies that the Armington share parameters, µm,si,j640

and µf,si,j , absorb all trade costs reflected in the 2014 input-output data as well641

as subjective home bias. This is without loss of generality since tariffs are642

rebated lump-sum to households. The parameters calibrated in this section643

contain many elements (for example, µm,si,j has 80 = 4 × 5 × 4 elements) so644

I do not report them in the paper. They can be found in the supplemental645

materials available on my website.646

4.3. Parameters calibrated to match exporter dynamics facts647

After setting the assigned parameters and calibrating the expenditure shares648

and scaling factors listed above, I calibrate the exporting costs, κsj,i(ej), and649

the productivity distributions, F si (a), so that the model matches a set of facts650

from the literature about the distribution and dynamics of exporters. I also651

calibrate the inner scaling factors, Af,si,j and Am,si,j , during this stage of the652

procedure. I target the following list of facts:653

• 25% of firms in each sector export13 (Alessandria et al. 2018, based on654

data from the 1992 U.S. Census of Manufactures);655

12 An intratemporal equilibrium is a collection of prices and quantities for a single year
that satisfy all of the model’s static equilibrium conditions.

13 I assume that 100% of firms in the resources sector export which implies that the
exporting costs in this sector are zero. The high Armington elasticity in this sector
makes the exporter dynamics framework numerically intractable, and the assumption of
monopolistic competition is a poor fit for this sector; natural resources are, by and
large, homogeneous commodities.
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• 45% of exporters exit from a bilateral trade relationship each year656

(Steinberg 2019, based on data from 70 countries during 2006–2008 from657

the World Bank Exporter Dynamics Database);658

• and the share of exports in each sector accounted for by the top 5% of659

exporters is 58% (Steinberg 2019, based on the same Exporter Dynamics660

Database data).661

I also ensure that the distributors’ inner-layer aggregation technologies (7)662

are satisfied and the inner-layer price indices (8) are one, as I do with the663

aggregate and sectoral aggregators. As in the aforementioned papers, I assume664

that firms’ productivities are distributed lognormally with standard deviation665

σsi .666

The parameters chosen in this stage of the process must be jointly667

calibrated, as each parameter affects several of the facts listed above to668

some degree. Roughly speaking, however, the productivity dispersions, σsi669

control the concentration of exports, the entry costs, κsj,i(0), control the export670

participation rate, the continuation costs, κsj,i(1), control the exit rate, and671

the scaling factors, Af,si,j and Am,si,j , ensure that the inner-layer aggregation672

technologies are satisfied. Like the previous stage of the calibration procedure,673

this stage sets the values of several hundred parameters so I do not report them674

in the text of the paper. They can be found in the supplemental materials675

linked above. On average, productivity dispersion, σsi , is about 0.6 and the676

entry cost, κsj,i(0) is about four times the continuation cost. The large sunk677

cost of beginning to export makes the decision to start exporting forward-678

looking, creating persistence in export participation rates as in Alessandria679

and Choi (2007; 2014; 2019), Ruhl and Willis (2017), and other general-680

equilibrium analyses of export participation dynamics.681

4.4. Import adjustment costs682

The last parameters that must be calibrated are φm and φf , which govern683

import adjustment costs. There are no direct estimates in other studies for684

these parameters, so I calibrate them to generate trade elasticity dynamics685

in the termination equilibrium that are consistent with the literature. I set686

them so that the average aggregate short-run trade elasticity in the period687

immediately following NAFTA termination is one, the standard value in the688

international macro literature (Heathcote and Perri 2002). It is important689

to point out that the extensive-margin dynamics generated by the sunk-690

cost export participation framework also reduce short-run trade elasticities; a691

model without this feature would require higher import adjustment costs to692

match this calibration target.693

I measure short-run trade elasticities following Alessandria et al. (2018).694

For each country i, I measure the bilateral short-run trade elasticity in sector695

s with trade partner j as the log change in country i’s imports of sector-s696

products from country j divided by the log change in import tariffs:697
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TEsi,j,t = log
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m,s
i,j,0

)/
log
(
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)
. (33)698

To measure each country’s aggregate trade elasticity, I take the average of699

its sector-partner elasticities weighted by pre-termination imports. I exclude700

trade with the rest of the world from these calculations; since trade costs with701

the rest of the world do not change the trade elasticity with the rest of the702

world measured in this way is undefined.703

5. Effects of NAFTA termination704

Having described the model and its calibration, I turn now to the results of705

the quantitative analysis. Table 5 summarizes the long-run effects of NAFTA706

termination on trade, production, and consumption, and figures 4–5 illustrate707

the macroeconomic implications of these effects. Figure 6 illustrates the708

transition dynamics that follow NAFTA termination and table 6 lists welfare709

losses, which include the effects of these transition dynamics as well as long-710

run changes.711

5.1. Long-run trade and macroeconomic consequences712

In the long run, trade flows between NAFTA members would fall by713

6.7–15.6%. Mexican imports of NAFTA products would fall most because714

Mexico would levy the highest post-NAFTA tariffs, and Canadian imports715

would fall least. At the sectoral level, trade in agriculture would fall most716

because agricultural goods from different countries are highly substitable717

and Mexico, in particular, would levy high tariffs in this sector; Mexican718

imports of agricultural products from the United States and Canada would719

fall by 91.1% and 62.3%, respectively. Trade in the resource extraction720

sector would also fall dramatically despite low post-NAFTA tariffs because721

different countries’ resources are almost perfect substitutes. By contrast,722

despite high post-NAFTA tariffs in transportation equipment, trade in this723

sector would fall only slightly because transportation equipment from different724

countries is poorly substitutable. Trade in other manufacturing would fall725

modestly because manufactured goods from different countries are moderately726

substitutable and post-NAFTA tariffs in this sector would be low.727

All NAFTA members would substitute towards trade with the rest of the728

world in reponse to NAFTA termination. Trade with the rest of the world729

in resource extraction, in particular, would burgeon: Canadian and Mexican730

exports of resources to the rest of the world would rise by 9.1 and 7.5%,731

respectively. Mexico would significantly increase its imports from the rest of732

the world, especially in agriculture and other manufacturing. This substitution733

would not fully mitigate the decline in intra-NAFTA trade, however; NAFTA734

members’ aggregate trade flows would decline by 2.1–7.5%.735
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As panels (a), (c), and (e) of figure 4 show, the macroeconomic significance736

of these effects would be larger for Canada and Mexico, whose economies rely737

heavily on NAFTA trade, than for the United States, whose economy does738

not. The other manufacturing sector would account for most of the decline739

in intra-NAFTA trade, even though trade in this sector would not fall as740

precipitously as trade in agriculture or resources, because of this sector’s size741

(recall panel (d) in figure 2). For Canada, the decline in resources trade would742

also be macroeconomically significant.743

The top two rows of each panel in table 5 list the ultimate long-744

run macroeconomic consequences of NAFTA termination. Production and745

consumption would fall in the long run in all three countries. For the United746

States, the long-run welfare loss from NAFTA termination of 0.05% is similar747

to the gain from implementating NAFTA estimated by Caliendo and Parro748

(2015) (henceforth CP) in their seminal study. For Canada and Mexico,749

however, the long-run welfare losses differ from CP’s estimates. In my analysis,750

Canada would lose in the long run after NAFTA is terminated, whereas CP751

estimate that implementing NAFTA in the first place actually harmed Canada752

rather than benefiting it. For Mexico, the long-run welfare loss of 0.26% is753

substantially lower than CP’s estimate of 1.31%. I analyze the sources of754

these differences in section 8.4 below.755

5.2. Long-run trade imbalances756

Although NAFTA termination would have a significant impact on gross trade757

flows in the long run, it would have only a small effect on long-run trade758

imbalances. As panels (b), (d), and (f) of figure 4 show, the U.S. trade deficit759

with Mexico would grow larger due to the dramatic decline in Mexican imports760

of U.S. agricultural products, while the U.S. trade deficit with Canada would761

shrink due the decline in U.S. imports of Canadian resources. These changes,762

however, would be small relative to the deficits’ initial sizes.763

From the perspective of the United States, the changes in long-run trade764

imbalances caused by NAFTA termination would be macroeconomically765

negligible because the initial U.S. trade deficits with Canada and Mexico are766

small relative to the size of the U.S. economy. From Canada’s and Mexico’s767

perspectives, even though the initial trade imbalances with the United States768

are large, these imbalances would still change by no more than a few tenths769

of a percent of GDP. Moreover, the changes in Canada’s and Mexico’s770

trade imbalances with the United States would be offset by increased trade771

imbalances with the rest of the world. Mexico, whose surplus with the United772

States would grow, sees an increased trade deficit with the rest of the world773

driven by increased imports of agricultural products and other manufactured774

goods. Canada, whose surplus with the United States would shrink, sees an775

increased surplus with the rest of the world driven by natural resources and,776

to a lesser extent, services trade.777
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5.3. Long-run sectoral reallocation778

The asymmetric responses of sectoral trade flows to NAFTA termination779

would cause production to reallocate across sectors, as shown by the first780

row in each panel of table 5, which report long-run changes in sectoral value781

added. In the United States, the largest drop in sectoral production would be782

seen in the agriculture sector due to the significant reduction in agricultural783

exports to Mexico. Production in the resources sector would rise slightly,784

while production in other sectors would decline. In Canada, production woudl785

fall most in transportation, followed by resources and other manufacturing.786

In Mexico, which would experience the most significant reallocation of787

production across sectors, transportation and other manufacturing production788

would fall significantly, while agricultural production would boom to offset789

Mexico’s massive decline in imports in this sector. Panel (a) of figure 5790

illustrates the macroeconomic implications of these sectoral reallocations. In791

all three countries, the other manufacturing sector would play the largest role792

in driving long-run declines in GDP; as shown in panel (c) of figure 4, this793

sector would account for the bulk of the decline in intra-NAFTA trade.794

Panel (b) of figure 5 illustrates how each country’s consumption basket795

would change in response to these sectoral reallocations. Notably, consumption796

of transportation equipment would fall significantly more than production due797

to the low trade elasticity and extensive international input-output linkages798

in this sector. Consumption of other manufactured goods would also fall799

significantly, in line with the large declines in trade and output in this sector.800

Finally, despite the significant increase in Mexican agricultural production,801

Mexican consumption of agriculture would still decline; domestic production802

and imports from the rest of the world would not fully make up for the decline803

in imports from the United States.804

5.4. Trade and macroeconomic dynamics805

The first two panels of figure 6 illustrate the transition dynamics of trade806

flows that would follow NAFTA termination. Panel (a) shows that the short-807

run effects of NAFTA termination on trade would be more muted than the808

long-run effects; it would take more than ten years for trade flows to adjust809

to their post-NAFTA steady states. This is due to the presence of import810

adjustment costs and export participation dynamics, which cause short-run811

trade elasticities to differ endogenously from their long-run values. Panel812

(b) shows how each country’s trade elasticity would respond to NAFTA813

termination. By construction, each country’s short-run trade elasticity is one814

in the period following termination, and it would take many years to reach815

their long-run values, which range from 7 to 10.816

Panels (c)–(f) illustrate the effects of NAFTA termination on macroeco-817

nomic dynamics. Like trade flows, GDP and investment would fall gradually818

in all three countries. In the United States and Canada, consumption would819

adjust more quickly than output. In Mexico, however, consumption would820
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adjust more slowly. Mexico’s trade and production patterns would change821

more significantly than the other two countries’ in the long run—Mexico’s822

agricultural imports, in particular, would shift dramatically from the United823

States to the rest of the world—and the model’s adjustment frictions draw824

this process out over many years.825

5.5. Welfare826

The long adjustment process to the post-NAFTA steady state shown in figure827

6 suggests that the welfare losses associated with NAFTA termination could828

differ from the long-run changes in consumption, especially for Mexico. I829

measure welfare losses in the usual consumption-equivalent way, which asks830

households in each country what fraction of their annual consumption baskets831

they would give up to remain in the benchmark equilibrium in which NAFTA832

remains in force forever. Table 6 shows that when transition dynamics are833

taken into account, welfare losses would be lower than long-run changes in834

consumption for all three countries. Dynamic welfare losses from NAFTA835

termination would be 5.6% lower than long-run losses for Canada, and about836

14% lower for both the United States and Mexico. Thus, modeling transition837

dynamics is important to accurately quantifying the welfare losses from838

NAFTA termination, especially for Mexico, which would have both the largest839

overall welfare loss and the largest difference between dynamic and long-run840

losses.841

6. Short- and long-run effects of dynamic ingredients842

The results of the quantitative analysis indicate that NAFTA termination843

would be followed by a long transition to the eventual post-NAFTA steady844

state, and that it is important to take this transition into account when845

computing the welfare losses from this policy change. Here, I ask: how846

do the model’s dynamic adjustment margins—extensive-margin dynamics,847

international borrowing and lending, and factor and import adjustment848

costs—shape the the transition dynamics and welfare losses associated with849

NAFTA termination? To answer these questions, I repeat my quantitative850

exercise using alternative versions of my model without some of these features851

and compare the results of these sensitivity analyses, shown in panel (a) of852

table 6, to the baseline results. As one might expect, these ingredients affect853

the timing of welfare losses from NAFTA termination by altering transtion854

dynamics. I also find, however, that these ingredients have significant effects855

in the long run; in some cases, the long-run effects are actually larger than856

the short-run effects.857

6.1. Factor adjustment costs858

Capital and labor adjustment costs do not dramatically alter the transition859

dynamics that would follow NAFTA termination, but they do reduce all860
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three countries’ welfare losses. In a version of the analysis without capital861

adjustment costs, overall welfare losses are 16.3% higher than in the baseline862

analysis for the United States, 6.5% higher for Canada, and 4.6% higher for863

Mexico. The welfare consequences of labor adjustment costs are an order of864

magnitude smaller for all three countries.865

Although factor adjustment costs do not enter the conditions that866

characterize a steady state—in which factor allocations are constant by867

definition—they still shape the long-run consequences of NAFTA termination.868

For the United States and Canada, capital adjustment costs reduce welfare869

losses in the long run as well as in the short run; the long-run effect of capital870

adjustment costs is actually larger than the short run effect for the United871

States. For Mexico, on the other hand, capital adjustment costs increase the872

long-run welfare loss, even though they reduce the overall loss that takes873

transition dynamics into account. In other words, capital adjustment costs874

have a significant effect on the timing of Mexico’s welfare losses from NAFTA875

termination. Labor adjustment costs have negligible effects in the long run as876

well as the short run for all three countries.877

6.2. Import adjustment costs878

Import adjustment costs, unlike factor adjustment costs, significantly affect879

transition dynamics, especially the dynamics of trade flows. Figure 7, which880

plots transition dynamics in the version of the analysis without import881

adjustment costs, shows that trade adjusts almost immediately; while long-run882

trade elasticities are the same in this version of the analysis as in the baseline,883

short-run trade elasticities are much higher. Net exports and investment also884

adjust significantly more quickly to their long-run values.885

Like factor adjustment costs, however, import adjustment costs also reduce886

the overall welfare losses from NAFTA termination. For the United States and887

Canada, the welfare effect of these costs is modest, lying in between the effects888

of capital and labor adjustment costs, but the effect of import adjustment889

costs for Mexico is significant. In the version of the analysis without import890

adjustment costs, Mexico’s overall welfare loss is 9.1% higher than in the891

baseline analysis. The long-run effect of import adjustment costs for Mexico892

is even higher: Mexico’s long-run welfare loss in the analysis without import893

adjustment costs is 14.8% higher than in the baseline.894

6.3. Extensive-margin dynamics895

It is well-known in the trade literature that the extensive margin of trade896

amplifies the effects of trade policy reforms. In the context of NAFTA897

termination, trade flows respond more as firms exit the export market, and898

aggregate productivity falls as factors of production reallocate towards less899

productive firms. In a version of the analysis without an extensive margin,900

in which all firms can costlessly export, the overall welfare cost of NAFTA901

termination is lower for all three countries than in the baseline analysis: 2.3%902
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lower for the United States; 8.1% lower for Canada; and 8.2% lower for Mexico.903

The differences in long-run welfare losses are similar, indicating that extensive-904

margin dynamics do not play a significant role in shaping the transition.905

My analysis also reveals that these extensive-margin effects are larger when906

export participation is modeled as a dynamic, forward-looking decision. In a907

version of the analysis in which the decision to export is static—a Melitz908

(2003)-style setup in which the fixed cost of exporting is the same for new909

and continuing exporters—the welfare losses from NAFTA termination are910

less than in the baseline analysis in both the short run and the long run.911

As Alessandria and Choi (2014) point out, this is driven by the fact that912

trade policy changes induce larger extensive-margin adjustments when a larger913

fraction of the cost of exporting is sunk. This finding illustrates that modeling914

export participation as a dynamic decision is important for quantifying the915

welfare effects of trade policy changes, even in the long run. For Mexico, for916

example, the long-run welfare loss from NAFTA termination is 5% lower in917

the static-exporting version of the analysis than in the baseline.918

6.4. Trade imbalances919

Unlike many of the other dynamic ingredients, which have similar effects920

on welfare in the short and long run, the ability to borrow and lend921

internationally by running trade imbalances, which allows households to922

smooth consumption, has significant effects on the timing of welfare losses923

from NAFTA termination. To illustrate this, I conduct my quantitative924

exercise in a version of the model in which each country’s trade balance925

trajectory in the termination equilibrium remains the same as in the926

benchmark no-termination equilibrium. In this version of the analysis,927

households cannot change their borrowing or lending behavior when NAFTA928

is terminated.929

In the version of the analysis with fixed trade balances, overall welfare losses930

from NAFTA termination are lower in each country than in the baseline: 2.3%931

lower in the United States; 9.7% lower in Canada; and 5.0% lower in Mexico.932

However, the long-run losses are significantly higher: 24.0%, 32.6%, and 14.5%933

higher in the United States, Canada, and Mexico, respectively. As households934

cannot smooth out their consumption over time in response to the change in935

trade costs, consumption falls more gradually along the transition but falls936

more dramatically in the long run.937

7. Short- and long-run effects of static ingredients938

Quantitative trade policy analyses often find that input-output linkages and939

elasticities of substitution within and between sectors play important roles940

in determining the long-run consequences of trade policy reforms (Caliendo941

and Parro 2015, Costinot and Rodríguez-Clare 2014, Giri et al. 2017). Here,942

I ask: how do these ingredients affect the welfare consequences of NAFTA943
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termination? Do they affect transition dynamics as well as the long run? To944

answer these questions, I repeat my quantitative analysis several more times945

using versions of my model with different assumptions about intermediate946

inputs and elasticities of substitution. The results of these analyses are shown947

in panel (b) of table 6. Consistent with other studies in the literature, I find948

that input-output linkages, substitutability between intermediate inputs from949

different sectors, and heterogeneity across sectors in substitutability between950

products from different countries are important determinants of the long-run951

effects of NAFTA termination. I also find, however, that these ingredients952

have significant effects along the transition.953

7.1. Input-output linkages954

To study the role of input-output linkages in determing the welfare cost of955

NAFTA termination, I analyze a version of my model in which there are956

no intermediate inputs. In the calibration procedure in this version of the957

model, I zero out all intermediate input cells in my input-output matrix before958

calibrating the expenditure share parameters.14 Thus, in this version of the959

model, gross output equals value added in all sectors and international trade960

consists only of final expenditures.961

Without intermediate inputs, NAFTA termination is less costly for all three962

countries. In the long run, welfare losses in Canada and Mexico are 90.1 and963

84.0% lower than in the baseline analysis, respectively, and the U.S. welfare964

loss actually becomes a small gain. The timing of each country’s welfare965

loss is also different in the no-intermediates version of the analysis. In the966

United States, once transition dynamics are taken into account, the welfare967

effect of NAFTA termination in the no-intermediates analysis is approximately968

zero. For Canada, too, dynamic welfare losses fall more than long-run losses.969

Canada’s dynamic loss is in the no-intermediates version of the analysis is970

8.1% lower than its long run loss, compared to 5.6% in the baseline analysis.971

For Mexico, the effect is the opposite: its dynamic welfare loss in the no-972

intermediates analysis is only 0.4% lower than its long-run loss, compared to973

14.3% in the baseline.974

7.2. Substitution across sectors975

In the baseline calibration, value added and intermediate inputs from each976

sector are perfect complements and there is also strong complementarity in977

consumption. These choices are based on evidence about expenditure share978

dynamics from the macroeconomics literature (Atalay 2017, Kehoe et al.979

2018), but many quantitative trade studies assume unitary elasticities of980

substitution across sectors. To study the importance of these choices for981

14 I use the RAS procedure Bacharach (1965) to “balance” the alternative input-output
matrix to make sure that all markets clear, ensuring that this matrix can represent an
equilibrium in my model.
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my results, I analyze the effects of NAFTA termination using Cobb-Douglas982

aggregation technologies instead of the baseline calibration. The elasticity of983

substitution between sectors in consumption has little impact on the results,984

so I focus my discussion on the version of the analysis with Cobb-Douglas985

production.986

Long-run welfare costs in all three countries are substantially larger in the987

Cobb-Douglas version of the analysis than in the baseline: 70.0% larger for988

the United States, 115.2% larger for Canada, and 87.9% larger for Mexico.989

Like input-output linkages, this elasticity also affects transition dynamics.990

For all three countries, dynamic welfare losses are higher relative to long-run991

losses than in the baseline. For Mexico, especially, the difference is significant.992

Mexico’s dynamic welfare loss is only 5.7% lower than its long-run loss in the993

version of the analysis with Cobb-Douglas production; this number is, once994

again, 14.3% in the baseline version.995

7.3. Substitution within sectors996

In the baseline calibration, the ability of distributors to substitute between997

products from different countries, which governs the intensive margin of trade,998

differs significantly across sectors. Natural resources and agricultural products999

from different countries are highly substitutable, while transportation1000

equipment from different sectors is actually complementary. There is also1001

significant heterogeneity across sectors in post-NAFTA tariffs. Some high-1002

elasticity sectors like natural resources have low tariffs while others, like1003

agriculture, have high tariffs. Conversely, some low-elasticity sectors like1004

transportation equipment have high tariffs while others, like manufacturing,1005

have low tariffs. To study how this form of sectoral heterogeneity affects1006

my results, I analyze the effects of NAFTA termination in an alternative1007

calibration in which all sectors have an Armington elasticity of five, the1008

average of the Caliendo and Parro (2015) estimates.1009

In the long run, U.S. welfare losses are 22% lower in the symmetric-elasticity1010

version of the analysis than in the baseline, while Canadian and Mexican1011

losses are 65.6 and 153.1% higher. For the U.S., the decline in transportation1012

equipment imports is less costly for consumers in this calibration than in the1013

baseline, while declines in agricultural imports are more costly for Canada and1014

Mexico. Like the other two “static” ingredients analyzed above, heterogeneity1015

across sectors in substitutability between products from different countries1016

also has a significant dynamic impact. In this version of the analysis, dynamic1017

welfare losses are higher relative to long-run losses than in the baseline for1018

the United States and Mexico, and lower for Canada. Again, the difference is1019

most important for Mexico, whose dynamic loss is only 6.9% lower than its1020

long-run loss in this version of the analysis, compared to the baseline’s 14.3%.1021
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8. Replacing NAFTA with another trade agreement1022

In my baseline analysis I have assumed that NAFTA is terminated entirely,1023

and when this happens its members will levy the same most-favored-nation1024

tariffs on each others’ imports that they levy on imports from other World1025

Trade Organization members. Trade policies towards other countries are1026

unaffected, and no renegotiated deal is reached between even a subset of1027

NAFTA members. Here, I explore the effects of several alternative scenarios1028

that could arise in place of, or in addition to, NAFTA termination, including1029

the recently-negotiated USMCA, which imposes stricter rules of origin in1030

transportation equipment. I also show, by analyzing what would happen if1031

tariffs between NAFTA countries reverted to their pre-NAFTA levels instead1032

of current MFN rates, why my welfare results differ from CP’s. The results of1033

these analyses are shown in panel (c) of table 6.1034

8.1. USMCA1035

After extensive negotiations, the United States, Canada, and Mexico recently1036

reached an agreement that will, according to the office of the U.S. Trade1037

Representative, “modernize NAFTA into a 21st-century, high-standard1038

agreement [that] will support mutually beneficial trade leading to freer1039

markets, fairer trade, and robust economic growth in North America.” The1040

United States-Mexico-Canada agreement, or USMCA, retains NAFTA’s duty-1041

free trade provisions but strengthens domestic content requirements on trade1042

in transportation equipment.15 The USMCA has not yet been passed by the1043

three countries’ legislatures—there remains considerable uncertainty about1044

whether it will ultimately be implemented—but it is important to determine1045

whether the new agreement would have a significant macroeconomic impact.1046

To analyze the impact of the USMCA using my model—or any standard1047

quantitative trade model used in the literature—the change in domestic1048

content requirements must be mapped to ad valorem trade costs. To be1049

precise, I model this policy change as an increase in iceberg transportation1050

costs on intermediate inputs of transportation equipment from non-NAFTA1051

countries. Like tariffs, domestic content requirements discourage imports of1052

intermediate inputs from these countries, but unlike tariffs, these policies do1053

not generate any revenue. My approach is based on Conconi et al. (2018), who1054

find that domestic content requirements under NAFTA significantly reduced1055

Mexican imports of intermediate goods from non-NAFTA countries. I proceed1056

in two steps. First, I use the Conconi et al. (2018) estimates to compute the1057

15 The USMCA also includes new previsions on intellectual property protection, dispute
settlement, and labor-market obligations. Additionally, Canada has agreed to slightly
increase its import quotas in supply-managed agricultural industries. These changes
are, for the most part, minor tweaks to existing NAFTA provisions and are unlikely to
have a measurable macroeconomic impact. See the USTR’s fact sheets on the USMCA
for more detail at https://ustr.gov/usmca.
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ad-valorem-equivalent of the rules of origin under NAFTA. They estimate1058

that but for these requirements, Mexican imports of intermediates from1059

these countries would be 45% higher. This implies an ad-valorem equivalent1060

trade barrier on imported intermediate inputs from non-NAFTA countries1061

of 0.113 = 0.45/4, where the denominator is one minus the average trade1062

elasticity estimated by CP. Second, I compute the increase in ad-valorem-1063

equivalent trade costs in transportation equipment implied by the USMCA.1064

To qualify for duty-free treatment under NAFTA, 62.5% of the value added1065

embedded in transportation equipment must originate within the region, and1066

the USMCA raises this threshold to 75%. Thus, the implied increase in1067

the ad-valorem-equivalent trade barrier on non-NAFTA intermediates in this1068

sector is 0.023 = 0.113 × (75/62.5 − 1). In short, implementing the USMCA1069

would increase iceberg trade costs on intermediate inputs of transportation1070

equipment from non-NAFTA countries by 2.3%. This figure is exactly the1071

same as the tariff that the United States would levy on imports of Canadian1072

transportation equipment if NAFTA was terminated according to the current1073

U.S. MFN tariff schedule (see table 2).1074

In my USMCA scenario, I assume that tariffs and other barriers to trade1075

between NAFTA members do not change but, based on my calculations above,1076

a new iceberg transportation cost of 2.3% is imposed on intermediate inputs1077

of transportation equipment produced in the rest of the world. I find that1078

implementing the USMCA would have small welfare consequences, but all1079

three countries would be worse off than under the status quo. The ratios of1080

dynamic losses to long-run losses are similar to the baseline results.1081

The USMCA’s changes to domestic content requirements are small, so it1082

is no surprise that it would have only minor macroeconomic consequences.1083

To better illustrate the macroeconomic consequences that domestic content1084

requirements can have, I conduct another analysis in which I impose a 10%1085

iceberg cost on all intermediate inputs from the rest of the world, rather than1086

the 2.3% cost that is levied only on transportation equipment in the USMCA1087

analysis. This hypothetical policy change would reduce welfare by 0.03–0.06%.1088

Relative to NAFTA termination, the welfare losses from this policy change1089

are more evenly distributed. Mexico’s loss is less than twice that of the United1090

States in this scenario, whereas Mexico’s loss is more than five times greater1091

in the baseline.1092

8.2. Bilateral free trade agreements1093

If the USMCA or another trilateral agreement is not eventually implemented1094

and NAFTA is indeed terminated, Canada could attempt to mitigate its losses1095

by entering into a bilateral free trade agreement with one of its former NAFTA1096

partners instead. To analyze whether this could be effective, I consider two1097

alternative scenarios: in the first, NAFTA is terminated but the United States1098

and Canada sign a bilateral free trade agreement. In the second, Canada forms1099

a free trade agreement with Mexico, instead.1100
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The results of the first exercise show that Canada’s welfare losses from1101

NAFTA termination would be significantly smaller if it formed a bilateral free1102

trade agreement with the United States. The second exercise shows, however,1103

that forming a similar agreement with Mexico would do little to mitigate1104

Canada’s losses. These results follow from the fact that Canada’s primary1105

trade partner is the United States. Canada trades little with Mexico so it has1106

little to gain from a Canada-Mexico free trade agreement. The same logic holds1107

true for Mexico; a bilateral free trade agreement with the United States could1108

mitigate Mexico’s welfare losses from NAFTA termination, but an agreement1109

with Canada could not.1110

8.3. Higher U.S. tariffs1111

The next alternative scenario is motivated by recent U.S. policies to increase1112

tariffs on steel, aluminum, and other imported products from around the1113

world, not just Canada and Mexico. In this version of the analysis I assume1114

that when NAFTA is terminated the United States also doubles its most-1115

favored-nation tariffs. Thus, U.S. tariffs on Canadian and Mexican products1116

rise twice as much as in the baseline model, and U.S. tariffs on imports from1117

the rest of the world rise as well. Canadian and Mexican import tariffs are1118

the same in this scenario as in the baseline.1119

As expected, U.S. imports from Canada and Mexico fall more in this1120

scenario than in the baseline analysis, and its imports from the rest of the1121

world fall as well. U.S. welfare actually rises, however, instead of falling; this1122

result follows from an optimal tariff argument. Conversely, welfare losses in1123

Canada and Mexico are larger than in the baseline analysis; it is Canada1124

and Mexico, not the United States, that bear the burden of increased U.S.1125

protectionism. Compared to the baseline scenario, the Canadian and Mexican1126

transportation sectors shrink significantly more in terms of both production1127

and consumption in this scenario, suggesting that input-output linkages play1128

a role in driving these results.1129

8.4. Comparison with CP1130

The welfare losses from NAFTA termination that I find in this study differ1131

significantly from some estimates in the literature of the welfare effects of1132

implementing NAFTA in the first place. In their seminal study, CP estimate1133

that the United States gained 0.08% from implementing NAFTA, Canada1134

lost 0.06%, and Mexico gained 1.31%. In my analysis, welfare in the United1135

States and Mexico falls when NAFTA is terminated, consistent with CP’s1136

findings, but their welfare losses are smaller, particularly for Mexico, than1137

CP’s estimated gains. For Canada, my analysis indicates that terminating1138

NAFTA would reduce welfare, whereas CP estimate that Canada was actually1139

harmed when NAFTA was implemented. Part of the difference between my1140

results and CP’s is accounted for by transition dynamics—dynamic welfare1141

losses are lower than long-run losses, especially for Mexico—but as discussed1142
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above in section 5.1, even the long-run welfare losses in my analysis differ1143

substantially from CP’s estimates.1144

One key reason that my results differ from CP’s, even in the long run,1145

is that the three NAFTA countries’ current MFN tariffs differ substantially1146

from the tariffs they applied to one another in the early 1990s before NAFTA1147

was implemented. Table 7 shows applied tariff rates in 1993 at the country1148

pair-sector level, computed using the same methodology as the current MFN1149

tariffs shown in table 2. The average tariffs that NAFTA countries applied to1150

each others’ products in the early 1990s were higher than their current MFN1151

tariffs, especially tariffs on trade between Mexico and the other two NAFTA1152

countries. At the sectoral level, Mexican applied tariffs on U.S. and Canadian1153

resources, transportation equipment, and manufacturing were especially high1154

relative to current MFN rates, while the reverse is true for Mexico’s tariffs on1155

agricultural products. In light of the differences between pre-NAFTA applied1156

tariffs and current MFN tariff rates, it is not surprising the the welfare costs1157

of terminating NAFTA today differ from the benefits of implementing the1158

agreement in the 1990s. To quantify the importance of the tariff structure1159

on the welfare effects of terminating NAFTA, I analyze another alternative1160

scenario in which I assume that when NAFTA is terminated, tariffs revert to1161

the 1993 applied rates in table 7 instead of the current MFN rates in table1162

2. In this version of the analysis, the results are closer to CP’s: welfare losses1163

for the United States and Mexico are substantially larger than in the baseline1164

and Canada now sees a welfare gain instead of a loss.1165

Some of my modeling and calibration choices also contribute to the1166

differences between my results and CP’s. In particular, CP assume unitary1167

elasticities of substitution between sectors and exogenous trade balances;1168

there are no production complementarities and no role for consumption-1169

smoothing behavior in their analysis. My results in sections 6.4 and 7.21170

indicate that both of these assumptions have significant consequences for1171

the welfare effects of NAFTA termination. Production complementarities1172

reduce all three countries’ welfare losses and endogenous trade imbalances1173

significantly reduce Mexico’s welfare loss. In the last alternative scenario, I1174

assess the combined roles of tariff structures, production complementarities,1175

and endogenous trade imbalances in driving the differences between my results1176

and CPs. This scenario, labeled “CP specification” in table 6, differs from the1177

baseline in three ways: Cobb-Douglas production technologies; fixed trade1178

balances; and 1993 applied tariffs instead of current MFN rates. As in the1179

previous scenario, U.S. and Mexican welfare losses are higher than in the1180

baseline, while Canadian losses are lower, although Canada no longer gains1181

from NAFTA termination. The combined effect of these three changes is1182

particularly striking for Mexico, whose long-run loss rises to 1.030%, more1183

than 400% higher than in the baseline. Thus, these three differences between1184

my analysis and CP’s account for the vast majority of the differences in our1185

results for Mexico, the country for which our results differ most dramatically.1186
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However, because Mexico’s dynamic losses are substantially lower than its1187

long-run losses in this version of the analysis—Mexico’s dynamic welfare loss1188

rises by only 257%—which indicates that modeling transition dynamics is1189

even more important under CP’s specification.1190

9. Conclusion1191

In this paper I have used a dynamic general equilibrium model with an input-1192

output production structure, endogenous export participation dynamics, and1193

adjustment frictions in factor markets and trade to assess the consequences1194

of terminating the North American Free Trade Agreement. When NAFTA is1195

terminated, NAFTA members charge the same import tariffs on each other’s1196

products that they charge on products from other World Trade Organization1197

members. Tariffs rise most in the transportation equipment sector and, in the1198

case of Mexico, agriculture.1199

In the long run, NAFTA termination would reduce aggregate trade1200

flows between NAFTA members by 6.7–15.6% and would cause output and1201

consumption to fall in all three member countries. Terminating NAFTA would1202

have little effect on regional trade imbalances, however; in fact, the U.S. trade1203

deficit with Mexico would grow. At the sectoral level, Mexican imports of1204

U.S. agricultural products would fall most because Mexico charges high tariffs1205

in this sector and can easily substitute towards its own products and those1206

produced in the rest of the world. Trade in natural resources, which is also1207

highly substitutable across countries, would also fall significantly. Despite high1208

tariffs, trade in transportation equipment would fall the least because the1209

trade elasticity in this sector is low. Precisely because of this low elasticity,1210

however, the small drop in trade is costly; transportation value added and1211

consumption fall significantly in all three countries. My results indicate that1212

strong international input-output linkages in this sector also play an important1213

role in how it is affected by NAFTA termination.1214

In the short run, trade would fall gradually after NAFTA is terminated1215

because export participation rates fall gradually and importers slowly1216

adjust the quantities they purchase from foreign suppliers. Taking into1217

account these transition dynamics, welfare would fall by 0.04% in the1218

United States, and 0.12% in Canada, and 0.22% in Mexico after NAFTA1219

is terminated. These dynamic welfare losses are 5.6–14.3% smaller than1220

the long-run changes in consumption, indicating that transition dynamics1221

mitigate the long-run welfare costs of this policy change. However, the1222

dynamic ingredients that shape this transition—adjustment costs, trade1223

imbalances, and export participation dynamics—also have significant long-1224

run consequences. Conversely, “static” ingredients like input-output linkages1225

and production complementarities also have important dynamic effects.1226

In addition to the baseline NAFTA termination scenario, I have analyzed a1227

range of alternatives: the recently-negotiated—but not yet ratified—USMCA,1228
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which imposes stricter domestic content requirements in the transportation1229

equipment sector; a scenario in which the United States raises all import1230

tariffs unilaterally in addition to leaving NAFTA; scenarios in which Canada1231

forms bilateral free trade agreements with its former NAFTA partners; and1232

a scenario in which tariffs revert to pre-NAFTA levels instead of current1233

MFN rates. I find that the USMCA is worse than the status quo, although1234

not as harmful as terminating NAFTA entirely, Canada and Mexico would1235

bear the brunt of increased U.S. protectionism, and that forming a free trade1236

agreeement with Mexico would do little to mitigate Canada’s welfare losses1237

from NAFTA termination. Finally, I find that the costs of terminating NAFTA1238

today differ dramatically from the benefits—or, in Canada’s case, loss—from1239

implementing the agreement in 1994 because the NAFTA countries’ current1240

MFN tariffs differ significantly from the tariffs that they applied in the early1241

1990s.1242
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TABLE 1
Sectoral aggregation scheme

Sector HS
codes

WIOD industries

Agriculture 1–14 Crop and animal production, hunting and related service
activities; Forestry and logging; Fishing and aquaculture

Resources 25–27 Mining and quarrying; Manufacture of coke and refined
petroleum products

Trans. 86–89 Manufacture of motor vehicles, trailers and semi-trailers;
Manufacture of other transport equipment

Mfg. 15–24;
28–85;
90–97

Manufacture of food products, beverages and tobacco products;
Manufacture of textiles, wearing apparel and leather products;
Manufacture of wood and of products of wood and cork,
except furniture, manufacture of articles of straw and plaiting
materials; Manufacture of paper and paper products; Printing
and reproduction of recorded media; Manufacture of chemicals
and chemical products; Manufacture of basic pharmaceutical
products and pharmaceutical preparations; Manufacture of
rubber and plastic products; Manufacture of other non-metallic
mineral products; Manufacture of basic metals; Manufacture of
fabricated metal products, except machinery and equipment;
Manufacture of computer, electronic and optical products; Man-
ufacture of electrical equipment; Manufacture of machinery and
equipment n.e.c.; Manufacture of furniture, other manufacturing

Services N/A Repair and installation of machinery and equipment; Electricity,
gas, steam and air conditioning supply; Water collection,
treatment and supply; Sewerage, waste collection, treatment
and disposal activities, materials recovery, remediation activities
and other waste management services; Construction; Wholesale
and retail trade and repair of motor vehicles and motorcycles;
Wholesale trade, except of motor vehicles and motorcycles;
Retail trade, except of motor vehicles and motorcycles; Land
transport and transport via pipelines; Water transport; Air
transport; Warehousing and support activities for transporta-
tion; Postal and courier activities; Accommodation and food ser-
vice activities; Publishing activities; Motion picture, video and
television programme production, sound recording and music
publishing activities, programming and broadcasting activities;
Telecommunications; Computer programming, consultancy and
related activities, information service activities; Financial ser-
vice activities, except insurance and pension funding; Insurance,
reinsurance and pension funding, except compulsory social
security; Activities auxiliary to financial services and insurance
activities; Real estate activities; Legal and accounting activities,
activities of head offices, management consultancy activities;
Architectural and engineering activities, technical testing and
analysis; Scientific research and development; Advertising and
market research; Other professional, scientific and technical
activities, veterinary activities; Administrative and support
service activities; Public administration and defence, compulsory
social security; Education; Human health and social work
activities; Other service activities; Activities of households
as employers; undifferentiated goods- and services-producing
activities of households for own use; Activities of extraterritorial
organizations and bodies
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TABLE 2
Change in import tariffs after NAFTA termination

Partner Agriculture Resources Trans. Mfg. Total

(a) United States
Canada 1.74 0.74 2.30 1.79 1.51
Mexico 3.19 0.52 7.75 1.76 3.14

(b) Canada
United States 3.28 0.61 4.55 1.55 2.14
Mexico 0.57 0.38 5.20 1.47 2.56

(c) Mexico
United States 29.18 0.18 7.62 3.65 5.40
Canada 13.29 0.08 12.22 2.97 6.19
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TABLE 3
Sectoral production and trade in NAFTA (2014 data, percent GDP)

Quantity Agriculture Resources Trans. Mfg. Services Total

(a) United States
Value added 1.24 3.67 1.57 9.66 83.86 100.00
Exports 0.31 0.98 1.31 3.93 4.48 11.01
to Canada 0.04 0.23 0.35 0.86 0.18 1.66
to Mexico 0.04 0.14 0.13 0.67 0.04 1.01
to rest of world 0.23 0.61 0.83 2.41 4.26 8.33

Imports 0.30 1.94 1.75 7.24 2.52 13.76
from Canada 0.06 0.69 0.29 0.76 0.21 2.00
from Mexico 0.06 0.19 0.35 0.84 0.08 1.52
from rest of world 0.19 1.06 1.11 5.64 2.23 10.23

Net exports 0.01 -0.96 -0.44 -3.31 1.95 -2.74
with Canada -0.01 -0.45 0.06 0.10 -0.03 -0.34
with Mexico -0.01 -0.05 -0.22 -0.18 -0.05 -0.51
with rest of world 0.04 -0.45 -0.28 -3.23 2.03 -1.89

(b) Canada
Value added 1.63 8.99 1.53 9.44 78.41 100.00
Exports 1.44 8.32 3.76 11.58 7.93 33.03
to United States 0.58 7.03 2.96 7.79 2.17 20.53
to Mexico 0.07 0.00 0.04 0.28 0.09 0.48
to rest of world 0.80 1.28 0.76 3.51 5.67 12.02

Imports 0.62 3.42 5.55 17.54 4.74 31.87
from United States 0.43 2.41 3.60 8.79 1.83 17.07
from Mexico 0.02 0.09 0.32 0.66 0.06 1.15
from rest of world 0.17 0.92 1.63 8.09 2.85 13.65

Net exports 0.82 4.89 -1.78 -5.96 3.20 1.16
with United States 0.15 4.62 -0.64 -1.00 0.34 3.46
with Mexico 0.05 -0.09 -0.28 -0.38 0.03 -0.67
with rest of world 0.63 0.36 -0.87 -4.58 2.83 -1.63

(c) Mexico
Value added 3.29 7.98 3.51 14.33 70.88 100.00
Exports 1.02 4.55 6.08 16.42 1.73 29.80
to United States 0.83 2.71 4.97 11.97 1.17 21.65
to Canada 0.03 0.13 0.44 0.91 0.08 1.59
to rest of world 0.17 1.71 0.66 3.54 0.48 6.56

Imports 0.89 2.29 3.47 19.29 3.17 29.11
from United States 0.64 1.98 1.80 9.45 0.51 14.37
from Canada 0.09 0.00 0.06 0.39 0.12 0.67
from rest of world 0.16 0.30 1.61 9.45 2.53 14.07

Net exports 0.13 2.26 2.60 -2.87 -1.44 0.69
with United States 0.19 0.73 3.18 2.53 0.66 7.28
with Canada -0.07 0.13 0.38 0.52 -0.04 0.92
with rest of world 0.00 1.41 -0.95 -5.92 -2.05 -7.51
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TABLE 4
Assigned parameters

(a) Common parameters and initial conditions

Parameter Meaning Value Source/target

β Discount factor 0.98 2.00% Long-run interest rate
ψ Intertemporal elasticity -1.00 Standard
δ Depreciation rate 0.06 Standard
α Capital share 0.33 Standard
ρc Cons. elasticity 0.65 Kehoe et al. (2018), Atalay (2017)
ρx Inv. elasticity 1.00 Kehoe et al. (2018), Bems (2008)
γ Cons. utility share 0.33 Standard
θ EoS across varieties 5.00 Alessandria and Choi (2019)

φk, φ` Factor adj. costs 6.50 Kehoe and Ruhl (2009), Sargent (1978)
φm, φf Import adj. costs 2.90 Short-run trade elasticity = 1.0
BUSA,0 US initial bonds -40.60 Lane and Milesi-Feretti (2007)
BCAN,0 Canada initial bonds 0.52 Lane and Milesi-Feretti (2007)
BMEX,0 Mexico initial bonds -2.85 Lane and Milesi-Feretti (2007)

(b) Armington elasticities

Country Use Agriculture Resources Trans. Mfg. Services

USA Intermediate 8.11 30.82 0.80 5.46 5.00
USA Final 8.11 37.23 0.88 4.78 5.00
CAN Intermediate 8.11 29.80 0.87 5.48 5.00
CAN Final 8.11 39.74 0.82 4.62 5.00
MEX Intermediate 8.11 35.01 0.97 5.64 5.00
MEX Final 8.11 31.49 0.97 3.71 5.00
ROW Intermediate 8.11 27.25 0.87 5.75 5.00
ROW Final 8.11 45.72 0.84 4.61 5.00
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TABLE 5
Long-run effects of NAFTA termination (percent changes)

Quantity Agriculture Resources Trans. Mfg. Services Total

(a) United States
Value added -1.68 0.20 -0.52 -0.32 -0.03 -0.08
Consumption -0.33 -0.06 -0.67 -0.16 -0.02 -0.05
Investment -1.58 0.05 -0.60 -0.39 -0.17 -0.19
Exports -13.24 -4.05 -1.72 -3.67 0.36 -2.18
to Canada -24.02 -18.43 -3.11 -6.40 -1.40 -7.64
to Mexico -91.06 -9.66 -6.29 -13.93 -2.29 -15.36
to rest of world 0.43 0.32 0.07 0.02 0.38 0.25

Imports -8.66 -6.09 -1.91 -2.18 -0.18 -2.40
from Canada -14.66 -12.93 -1.71 -9.11 0.96 -8.43
from Mexico -27.45 -8.03 -6.03 -11.79 1.28 -9.89
from rest of world 0.46 0.90 0.16 0.57 -0.37 0.34

(b) Canada
Value added -0.65 -0.66 -2.16 -1.66 0.01 -0.25
Consumption -0.62 -0.07 -2.09 -0.52 0.01 -0.13
Investment -0.87 -0.90 -2.30 -1.70 -0.42 -0.56
Exports -7.54 -7.68 -2.83 -6.27 1.57 -4.39
to United States -14.66 -12.93 -1.71 -9.11 0.96 -8.43
to Mexico -62.34 1.38 -9.56 -10.51 -1.33 -15.58
to rest of world 0.60 9.11 0.21 0.12 1.37 1.99

Imports -17.64 -15.52 -2.35 -2.92 -1.55 -4.36
from United States -24.02 -18.43 -3.11 -6.40 -1.40 -7.64
from Mexico -4.26 -6.07 -3.66 -8.79 0.00 -6.65
from rest of world 3.67 -1.33 0.66 2.30 -1.65 1.10

(c) Mexico
Value added 8.52 1.69 -3.99 -3.56 -0.27 -0.45
Consumption -1.46 -0.13 -1.32 -0.86 -0.01 -0.26
Investment 7.03 0.95 -3.97 -3.41 -0.74 -0.66
Exports -22.96 -0.08 -6.53 -10.40 1.75 -7.54
to United States -27.45 -8.03 -6.03 -11.79 1.28 -9.89
to Canada -4.26 -6.07 -3.66 -8.79 0.00 -6.65
to rest of world -5.06 7.52 0.20 -3.10 1.73 1.04

Imports -71.79 -9.31 -3.75 -5.20 -2.60 -7.21
from United States -91.06 -9.66 -6.29 -13.93 -2.29 -15.36
from Canada -62.34 1.38 -9.56 -10.51 -1.33 -15.58
from rest of world 26.33 -4.77 -0.11 5.54 -2.67 3.45
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44 J. Steinberg

TABLE 7
Change in import tariffs to pre-NAFTA levels

Partner Agriculture Resources Trans. Mfg. Total

(a) United States
Canada 0.86 0.00 0.04 0.74 0.33
Mexico 5.26 0.70 3.83 4.76 4.02

(b) Canada
United States 1.39 1.79 3.72 2.18 2.44
Mexico 5.48 1.56 5.19 5.26 5.05

(c) Mexico
United States 9.35 8.74 14.04 12.32 11.77
Canada 3.97 9.19 13.75 12.57 10.91
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FIGURE 1 NAFTA members’ bilateral trade flows in 2014
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FIGURE 2 NAFTA members’ sectoral trade flows in 2014
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FIGURE 3 NAFTA trade imbalances in 2014
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FIGURE 4 Long-run effects of NAFTA termination on trade
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FIGURE 5 Long-run effects of NAFTA termination on sectoral reallocation
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FIGURE 6 Dynamic effects of NAFTA termination
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FIGURE 7 Dynamic effects of NAFTA termination (no trade adj. costs)
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