Online Appendix
Impacts of US, Mexican, and Canadian Trade Agreement on

Commodity and Labor Markets

A  Model

A.1 Consumer

In each USMCA member country (i = U, M,C), low-skilled (j = N) and skilled (j = E) repre-
sentative consumers maximize utility (equation 1 defined in the main text) by consuming goods
from each of the four sectors (DY, DX, DXy, DV') and leisure (DL) subject to their respective
budget and time constraints. For US and Canadian low-skilled and skilled consumers and Mexican
skilled consumers, the budget constraint is equation (2) and time constraint (Eij = ng +DLY ij =

UN,UE,CN,CE, ME). For Mexican low-skilled consumers, the budget constraint is equation (3)

and time constraint. As a result, demand function for composite traded goods (DY, Dij , and



DXZ), service & construction goods (DV#), and leisure (DL¥) can derived as
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Given the Armingtion assumption for traded goods, consumers minimize expenditure on the
traded goods ), PX¥DOV* (O =Y, X, Xy, k =U,M,C, R) subject to the aggregate demand for 1
goods of domestic production and imports equal to the composite sectoral good, i.e., [ k gg (DOijk)pgo} By —

DO%. This minimization yields demand functions for domestically produced and imported goods
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A.2 Producers

For the United States, Mexico, and Canada, we assume Cobb-Douglas production function (elas-
ticity of substitution of one) for the manufacturing and service & construction sectors and constant

elasticity of substitution (CES) production functions for the capital- and labor-intensive agricultural

sectors.

A.2.1 US Manufacturing Sector

The production function in the US manufacturing sector is
U U el om WY
SYV =AY [(B9)™ (LyE) ]

where AY is total factor productivity, af and ¥ are share parameters, and ¢V is the return-to-scale

parameter. The sectoral profit function is
I = PpSYY — VKT — wVELYE.

Solving the profit maximization problem yields input demand functions:
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A.2.2 US Service & Construction sector
The production function for the US service & construction sector is

U
SV = A% () (1P () eyt



The profit function for this sector is
1y = Py SVY =V Ky —w"P Ly —w"VLyN —w LY — deLy”.

Multiplying the wage linkage, wV = wY! + de, through by LY’ yields w9 LY = wY LY + deLY!.

Then, substituting this expression in the profit function gives
Iy = P/ SVY — Ky — w"PLy? — w" Ly — LY

Solving the first-order conditions of profit maximization yields input demand functions:
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A.2.3 US Capital-Intensive Agriculture

The share form! of the CES production technology of US capital-intensive agriculture is

Hy
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IThe share and general form of CES production function are equivalent, but the share form for the CES production
function is easier to calibrate (Rutherford, 2002).
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where Kgl and E)U(]lv are baseline input levels and AY. . is productivity. The sectoral profit function
is
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Solving the first-order conditions of profit maximization yields input demand functions:
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A.2.4 US Labor-Intensive Agriculture

The share form of the CES production function for US labor-intensive agriculture is?
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The profit function is
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2Imperfect substitution between US domestic and temporary workers reflects the differences in workers in the pro-
duction process. These differences could be attributed to different background in education, culture, and reservation-
wage. For example, Akerlof and Yellen (1990) show how actual wage falling short of the fair wage affects working
effort.



Again, multiplying the wage linkage, wV¢ = wY’ 4 de, through by L)U(g yields wUGL)Ué = wV! L% +

deLK!. With this expression and L§ = LYY + LY, we can redefine the profit function as
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From the profit maximization problem, we solve the first-order conditions for input demand func-

tions:
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A.2.5 Mexican and Canadian Manufacturing Sector

Because Mexican and Canadian sectors do not utilize uncodumented workers, we define production
technology for both countries simultaneously. Mexican and Canadian manufacturing sectors utilize

Cobb-Douglas production functions:
) ) Lo . i 7G4
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The profit function is
v =PLSY' —r'Ky —w' L.

The input demand functions are
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A.2.6 Mexican and Canadian Service & Construction Section

The production technology in the Mexican and Canadian service & construction is Cobb-Douglas:

svi= Ay (k) () ()] i=me
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The profit functions are
v=PrSVE—r Ky —wV LY —w' P L

Profit maximization yields the input demand functions:
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A.2.7 Mexican and Canadian Capital-Intensive Agriculture

For Mexican and Canadian capital-intensive agriculture, the share form of the CES production

functions are .
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The sectoral input demand functions are
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A.2.8 Mexican and Canadian Labor-Intensive Agriculture
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The share form of the CES production functions for Mexican and Canadian labor-intensive agricul-

ture are ,
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The input demand functions are
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A.3 Demand and Supply from ROW

Because North American countries engage in trade with ROW, we include reduced form excess
supply and demand functions for the ROW. The ROW exports of traded goods to USMCA countries

are

SOR = 65 (PE®)’S 0 =V, Xy, Xa, (1)

where §3 is a scale parameter and 67, is a supply elasticity. ROW also imports products produced

by North American countries, which is represented by the demand fuction

—_pb

DO™ =65 (PY)7° 0=Y,X1,Xy;i=UM,C, 2)

where 65 is a scale parameter and 65 is a demand elasticity.

A.4 Government

The government for each region imposes ad valorem tariffs on imported goods and incurs non-
distortionary transfers 7% to consumers. The US government also collects fines for hiring undocu-

mented workers labeled as FCY (note FCY = FCM = (). Then the government budget constraints
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are

Gi — tUiPUU DyzNU + DyzEU + tUi PUU DX@NU + DX’LEU + tUi PUU DXZNU + DX'LEU +
Y'Y X1t X4 1 1 Xot Xo 2 2

Y Y X1+ X1 1 1 X9+ Xo 2 2

ty' PyC (DY™C + DY) + 1 PLC (DX5N + DX3PC) + 1 PYT (DXINC + DXPC) +

t5 PR (DX + DXSPT) + 58 PEF (DX 4+ DXPR) + 658 PP (DY ™ + DY'FF)

Tr' + FC
where t§7, 6077, ¢, fF ¢%F 5 e R e A 1 and t8 are tariff rates.

A.5 Market Clearing Conditions

Substituting the government revenue function G, ROW demand DO% and supply SO functions,
the demand and supply functions derived above, and the supporting equations in the labor markets?,
into the market clearing conditions below results in a system of 22 market clearing equations with

22 endogenous prices that we solve numerically. The system of 22 equations, with the corresponding

3The supporting labor markets equations include dLY! = (1 —b) L!, LgN = Lgfgf + L)C(év + L‘C/N7 LgE =L§F +
LGP, LGN — LYY LYY + LN, LY — LYP + LY, LY® — LY 4 LYF | LUV = LUV L LUN 3 LYY, and
LV = L§T + LYT — LVC.
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complementary prices in square parentheses next to the equation, is

[P$C] SYC — DYCNC + DYCEC + DYUNC + DYUEC + DYMNC + DYMEC + DYRC
[PLC] SX¢ = DXONC L DXCEC 4 DXUNC 4 DXVEC | pXMNC 4 pXMEC | pxRC
[P5y ] SX§ — DXSNC 4 DXJEC 4 DXUNC 4 DXVEC 4 pXMNC | pxMEC | pxhc
[Pg] SVC _ DvCN + DVcE
[PgU] SYU — DYCNU + DYCEU 4 DYUNU + DYUEU + DYMNU + DYMEU + DYRU
[PYY] SXY = DX{"Y + DX{PY 4+ DXYNY 4+ DXTPY + DXMYY + DXMPY + DXV
[P{Y] SXY = DXSNY 4 DXSFY 4 DXUNY L DXTFYV 4 DXYNY L DXMEU | DXRY
[P‘g] SVU — DVUN + DVUE
[PYM] SxM = DXINM 4 DXCEM 4 DXUNM 4 DXUEM o pXMNM 4 pxXMEM o p XM
[PYM] SxM = DX{NM o DXEEM o pXINM 4 DXYEM o DXMNM 4 DX MEM | pXxRM
(P SV M = DVMN 4 DY ME
[P}IER] SYR — DYCNR + DYCER + DYUNR + DYUER + DYMNR + DYMER
[P SXf — DXONE 4 DXCPR 4 DXUNR | DXUER | pXMNR | pxMER
[P SXE = DXSENE ¢ DXSER 4 DXYNE 4 DXYER  DXMNE ¢ pXMER

[r] K€+ KU+ KM =Ky + K5, + K5, + Ky + Ky + K5, + K5, + Ky + K+ Ky + Ky, + K

—CN

[wN] L = Lg" + DLV
(W] e = L§" + DLCP
[w/™] " =LYV + DLYN
[wV"] " = LY¥ + DLY"
[w™P] " = LY¥ 4+ DLMF
[w ] I = L'+ LV + LVC 4 LYN 4 LMY

12



Once the endogenous prices are solved, all remaining endogenous demand and supply quantities are

solved by plugging the solved price into the corresponding equations.

B Data

All data sources and values for exogenous parameters, variables, and endogenous variables under

baseline scenario are listed in Table A1, A2, and A3.

B.1 Data collection

The following data are collected from the GTAP 9 database: US and Mexican population, tariff data,
and value of input variables, bilateral trade, production, and consumption. Since 55% of the labor-
intensive farm workforce is unauthorized (Ruark, 2011), undocumented labor in US labor-intensive
agriculture is computed by multiplying low-skilled labor employment data by this percentage. From
Passel et al. (2009), the undocumented workers hired in the US service & construction sector is 15.75
times larger than those in US labor-intensive agriculture. Therefore, we use the undocumented labor
data in US labor-intensive agriculture times 15.75 to compute the undocumented labor in US service
& construction sector. The US low-skilled and undocumented wage rates are collected from the
National Agricultural Workers Survey (USDL, 2016). Mexican low-skilled labor wage is from Marosi
(2016). Exchange rates are collected from IMF (2016) to convert all values into US dollars. The

guest workers data is collected from USDS (2015).

B.2 Endogenous Variable Computations

Here, we discuss the computations of endogenous variables not obtained directly from data. We
multiply 365 days by 24 hours to account for all available time to consumers. Leisure is defined as
all non-working hours and includes household chores, sleep, etc. We use consumption and price data
to compute expenditures for low-skilled and skilled workers. Then, we use the ratio of each worker

group’s expenditure to their total countries’ expenditures as the value of national income share

13
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Table A2: Bilateral Trade and Tariff under USMCA /NAFTA

——Destination ;g ME  CA ROW
Origin
Manufacturing Tariff (%)

US 0 0.1 0 3.2

ME 0 0 0 2

CA 0 0 0 1.9
ROW 1.7 4 2 2.5

Capital Intensive Agricultural Tariff (%)

UsS 0 0.5 14.7 19

ME 0.2 0 6.2 11.7

CA 1.3 1.7 0 11.8
ROW 2.3 10.3 12.5 7.7

Labor Intensive Agricultural Tariff (%)

US 0 5.1 0 10.3

ME 0 0 0 2.3

CA 0 0 0 19.5
ROW 0.3 2.3 0.6 5.9

Manufacturing Bilateral Trade (Million US $)

Us 6,387,333.00 156,732.80 207,869.90  975,601.70

ME 238,851.00  388,862.20 13,821.00 71,671.80

CA 268,574.70 5,740.50 561,349.30  105,551.30
ROW 1,673,165.00 116,395.80 140,447.60 11,742,065.00
Capital-Intensive Agricultural Bilateral Trade (Million US $)

[O 1,104,832.9 20,298.70  20,379.60 148,563.20

ME 11,622.70  159,205.00 313.80 9,327.20

CA 23,302.20 2,117.70  145,108.70 24,700.70
ROW 83,907.60 6,351.10 12,357.60  1,131,815.00
Labor-Intensive Agricultural Bilateral Trade (Million US §)

US 07,784.80 1,210.10  4,622.20 10,048.50

ME 10,613.90 7.481.90 978.20 785.90

CA 1,932.40 54.10  2,087.60 2,961.70
ROW 10,676.90 267.30  1,296.30 117,295.70

Source: Aguiar et al. (2016)
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Table A3: Values of Variables and Parameters

Parameter US ME CA ROW
Aggregate Many. 7,711,229.40 710,210.80 939,146.20 1,873,226.30
Production Capital-Int. Ag. 1,290,432.22  175,908.17 189,374.73  87,249.75
(Million US §) Labor-Int. Ag. 73,635.55 19,305.30  7,018.14 11,025.93
Service & 18,848,78 1,068,32 1,983,59 -
Construction
Manu. 1 1 1 1
: Capital-Int. Ag. 1 1 1 1
Price Labor-Int. Ag. 1 1 1 1
Service & Const. 1 1 1 -
Low-Skilled 10.33 1.50 10.33 -
Skilled 31.60 11.43 19.76 -
Wage (8/hour) 17 documented 8.98 . - -
Guest Worker 10.33 - - -
Rental Rate 1 1 1 -
Immigration Portion of 50% - - -
Policy Migrants caught at
the border
Fraction of 1.5% - - -
deportation
Low-skilled Manu. 0.60 0.60 0.60 -
Skilled Manu. 0.60 0.60 0.60 -
CES Composite  Low-skilled 0.60 0.60 0.60 -
Goods Capital-Int. Ag.
Skilled Capital-Int. 0.60 0.60 0.60 -
Ag.
Low-skilled Capital 0.60 0.60 0.60 -
Labor Ag.
Skilled Capital 0.60 0.60 0.60 -
Labor Ag.
- Low-skilled -0.50 -0.50 -0.50 -
CES Utility Skilled 0.50 0.50 0.50 :
CES low-Skilled  Manu. 0.6 0.6 0.6 -
worker’s Capital-Int. Ag. 0.6 0.6 0.6 -
composite goods Labor-Int. Ag. 0.6 0.6 0.6 -
CES skilled Manu. 0.6 0.6 0.6 -
worker’s Capital-Int. Ag. 0.6 0.6 0.6 -
composite goods Labor-Int. Ag. 0.6 0.6 0.6 -
Skilled Labor Share 0.424 0.15 0.51 -
Labor Low-Skilled (hour) 1,572,258.8  889,052.4  143,709.6 -
Endowment Skilled (hour) 1,157,357.2  156,891.6  149,575.2 -
Manu. 798,628.6 151,673.4  159,363.9 -
Capital Input Capital-Int. Ag. 151,779 48,471.9 29,255.2 -
Labor-Int. Ag. lg 892.4 1,250.6 3,880.6 -
Service & Const. 2, 93,848 358,253.4  474,910.5 -
Low-Skilled Capital-Int. Ag. 192,910.7 21,270.6 27,061.0 -
Labor Input Labor-Int. Ag. 13,953.5 6,327.7 1,187.1 -



(V¥ i =U,M, j= N, E). Other price variables are solved by using the price linkage functions:
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C Calibration

Next, we discuss the calibration of parameters. As consistent with all large scale computable general
equilibrium models (e.g., Kehoe and Ruhl, 2009), we define quantities such that capital rent, all
Mexican commodity prices, and the US service & construction price are one in the baseline. Based
on the data in ?, we set the fraction of undocumented workers deported by the US government (d) as
1.5% and the percentage of unauthorized immigrants being caught at the border and returned back
to Mexico (b) as 50%. We assume the elasticity of substitution parameters in the CES production
to be A%, = A%, = MY, = A}, = —1.85 and ROW price elasticity of demand and supply to be
—0.3 and 0.3, respectively. We consider goods from different sectors and leisure are complementary
to consumers by assuming utility CES parameter p¥ = —0.5. By contrast, goods of one sector
produced in different countries are substitutes in consumption, we assume composite goods elasticity

of substitution parameter p%, = 0.6.

C.1 Supply Parameters

The CES and Cobb-Douglas production share parameters (a4, o, o, o, Bt B, B, v Vs

o, 0%, off, i = U, M,C) are calibrated as the share of the input cost to the total production

cost. For example, in the US capital-intensive agricultural sector, the capital rental cost is rUK)[{l
and the total cost of production is rUKgl + wUN L%JIV . Then, the capital share parameter for this

UKU
o AU — "R i i i
sector is ay, = TTRY wUN TN The return to scale parameters (i, p,, t,, ¢, @ = U,M,C)
1 1

are computed by dividing total cost of production by the value of production. For example, the
rUKY 4wl N YN
ngl sxU

return-to-scale parameter for the US capital-intensive agricultural sector is ,u)U(1 =
Given total production, inputs, share parameters, and returns-to-scale parameters, productivity
parameters (A}, Ak, Ak,, A}, i = U,M,C) are calculated as residuals of their production

functions. For example, US capital-intensive agricultural productivity parameter is calculated as

18



C.2 Demand Parameters

1-ptd

X . . .. Pij Doij 4
Following Rutherford (2002), we calibrate the utility share parameters as Bgo = — 170 g ) — ——
w(DLY) P +3 4 Py (DOW) —°
ij ij : gk Pg(po)
and 7, =1— >, o and composite goods share parameters as 875, = i

i P (DOF)
C.3 Other Parameters

Given value of labor and low-skilled wage data, we calibrate skilled wage to match percentage
of the population with education beyond a high school level. US, Mexican, and Canadian adult
population with education level beyond high school is collected from OECD (2018). With the data
on the wage rates and domestic and border control policies, cost of immigration ¢ is calibrated
using the wage-linkage equation g = wY! %b —wM (%b + 1). Using the data on the wage rates and
domestic control policy, fines to employers ¢ are calibrated by utilizing the wage-linkage equation

c:l(wU—wI).

D Baseline Values

Table A5 presents the actual volumes of domestic sales and bilateral trade flow, total production,
and total consumption under the scenario without the trade agreement and impacts of USMCA. The
exporting countries are listed in the first column and importing countries are listed in the top row.
Table A6 includes the commodity prices. Table A7 reports the actual values of all types of labor
employment. Table A8 presents the actual values of consumption, wage, and welfare of low-skilled

and skilled workers under the scenario without the trade agreement and impacts of USMCA.

4We follow Rutherford (2002) to calibrate the share and productivity parameters for the share-form CES produc-
tion functions.
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