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Abstract

China has increased its participation in Global Value Chains (GVC) since 2001 and has been
considered an “uninvited member” in the North American integration process. This article uses
matrix input-output analysis to analyze China’s presence in North American manufacturing
chains —from the point of view of Mexican exports— during 2000-2014. The findings demonstrate
a decline in the share of U.S. value-added embodied in Mexico’s manufacturing exports to North
America, displaced mainly by Chinese value-added ultimately consumed in the United States.
Moreover, inputs from the United States and Canada —embedded in Mexican manufacturing
exports— show signs of reprimarization, while inputs imported from China show increasing levels
of sophistication.

Keywords: Global Value Chains (GVC); trade triangulation; North American Free Trade
Agreement (NAFTA); China-North America trade relations; input-output analysis.

1. INTRODUCTION

The 1994 North American Free Trade Agreement (NAFTA) marked the adoption of an export-
led growth policy in Mexico. The literature identifies two phases of the North American integration
process. The first (1994-2000) was characterized by dynamic trade, investment, and
employment generation. However, since 2001 the process slowed down its growth rate in these

same variables (Dussel-Peters, 2018). The second stage is framed by China’s penetration into
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North American production chains, which originated a triangulation of the processes of
productive and commercial disintegration in North American production chains (Dussel-Peters
and Ortiz-Velasquez, 2016). A series of events led to the emergence of a new stage of dynamics
that have not yet been fully revealed. By focusing on the period 2000-2014, this article will allow

us to examine the changes that took place during the second stage.

This article’s primary objective is to study the evolution and characteristics of Chinese value-
added contained in Mexican manufacturing exports to its North American partners. This research
contributes to the literature in two ways: first, it provides new empirical evidence on the evolution
and characteristics of trade triangulation between China, Mexico, and the other two North
American countries; second, it develops a decomposition of gross exports in terms of value-
added, which allows us to focus the analysis on triangular trade relations between any set of

countries at the sectoral level.

The article is structured as follows: after the introduction, the second section presents the
relevant data on gross trade in Mexican manufacturing as background information, in addition to
some theoretical guidelines related to Global Value Chains (GVCs). The third section goes on to
set out the methodology to be used, while the fourth section contains a brief review of the
literature related to the analysis. The fifth section then synthesizes and analyzes the findings of
the exercises carried out. Finally, the sixth section offers some conclusions, as well as some

recommendations based on the findings obtained.

2. BACKGROUND

China's rapid insertion into GVCs allowed it to position itself as a dominant player in international
trade, and to be considered an "uninvited member" of North American integration (Dussel-Peters
and Gallagher, 2013). The factors that led to this boom were its entry into the World Trade
Organization (WTO) in 2001, the existence of a sizeable low-wage labor force, the
implementation of domestic reforms and industrial policy, a reduction in transportation and

information technology costs, and the undervaluation of the yuan (Blecker, 2014).

Figure 1 shows the evolution of the share of the US, Canada, and China in Mexican
manufacturing gross trade. The fall in the relevance of the US in imports is almost entirely

explained by the rise in imports from China during the period under analysis. Exports to North
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America, on the other hand, remained constant at levels above 80%, with the US being the main

destination.

Figure 1. Share of the US, Canada, and China in Mexico's gross manufacturing trade, 2000-2014
(percentages)



®-o-0-0_9 -9 -0-9

Gross exports

- 5 ._,_-..——.___.__-q_

&4 9007

o [0

o4 900

o4 SO0C

* 100Z
* £007

ooz

+4 1002

5L o

100
80
60 -
40
20

=

kA —— kA

—a— (HN

(AN

Gross imports

o —
o -0 o %00

- & sh

70

60

50
40 -
30 -
20 -
10 -

0__\ bL0z

102

{102

L102

—&— (N

— @ |J5A
Source: Compiled by the authors based on data from WIOD Release 2016 (Timmer et al., 2016).



This pattern resulted in a growing trade surplus between Mexico and the US and Canada (see

Figure 2). However, the positive balance does not translate into increased economic growth or

Gross Domestic Product (GDP) per capita (Blecker et al., 2021) — rather, on the contrary, it

contributes to a weakening of productive articulation and domestic demand (Fujii-Gambero and

Cervantes, 2013). Moreover, it fails to counteract the deficit with the rest of the world, especially

with China.
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Figure 2. Gross trade balance of Mexico's manufacturing industry with
the US, Canada, China, and the Rest of the World, 2000-2014 (billions of dollars)

- / _
A / Mo - AT a

2000 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004
-o-- [SA - (AN - (HN - - RoW

Source: Compiled by the authors based on data from WIOD Release 2016 (Timmer et al., 2016).

Regarding the trade balance, there are differences between types of manufacturing.2 In 2014,

the surplus with the US of technology-intensive manufacturing reached US$80.5 billion, while

Natural Resource Intensive Manufacturing (NRM) registered a deficit of US$28.8 billion. In trade

relations with China, the balance of this type of product accounted for 62% of the deficit in

manufacturing as a whole.
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Table 1 shows the composition of Mexico's trade flows with the US, Canada, and China.
Technology-intensive manufacturing is the largest contributor to exports, regardless of the
destination; nevertheless, NR-intensive manufacturing increased considerably in exports to
China.



Table 1. Sectoral structure of Mexico's gross manufacturing trade flows with the US, Canada, and China,
2000-2014 (percentuges)

Type of manufacture Gross exports
To the US To (anada To China
Average  Difference  Average  Difference Average  Difference
Natural resource intensive 30.7 29 229 £.9 283 13.3
Food, beverages, and tobacco 34 25 3.0 19 2.3 0.4
Textiles ond leather products 5.7 -6.9 19 0.9 1.4 1.3
(oke ond refined petroleum products 2.1 1.0 0.9 1.1 0.1 0.0
Chemical industry 27 1.4 0.7 0.2 18 4.3
Others 16.8 48 154 -3.1 16.7 195
Technology intensive 69.3 29 171 0.9 ni -133
Automotive industry 6.3 0.9 19.6 16 15.0 165
Electronics and optics 6.0 9.3 34.6 1.1 36.0 45.7
Electrical equipment 10.0 0.5 17 -1.6 14.] 2.3
Machinery and equipment 6.9 6.0 4.5 33 6.4 32
Pharmaceuticals 0.2 0.0 0.7 0.5 0.2 0.3
Total 100.0 0.0 100.0 0.0 100.0 0.0
Type of manufacture Gross imports
To the US To Canada To Ching

Average  Difference Average Difference Mverage  Difference

Natural resource infensive 53.8 15.7 58.0 14 4.1 126
Food, beverages, and tobaceo 5.8 4.0 8.6 1.0 1.7 0.9
Textiles ond leather products 16 49 1.8 1.0 6.7 58
(oke ond refined petroleum products 9.3 10.1 0.4 0.0 0.5 0.7
Chemical industry 12.8 6.0 3.3 14 4.0 0.7
Others 1.3 0.5 439 8.0 1.1 6.3

Technology intensive 46.1 157 420 714 65.9 12.6
Automotive industry 13.0 1.7 13.6 4.7 3.6 4.6
Electronics and optics 14.8 117 12.2 3.6 38.9 94

Electrical equipment 6.5 4.7 57 4.4 12.0 49



Imports show a different structure depending on their origin, with imports from the US and
Canada showing a predominance of NR-intensive manufacturing. Additionally, technology-
intensive products — mainly electronics and optics — have a greater share and increase in
imports from China, compared to those from the US and Canada. This is a consequence of the
trade and production triangulation process between China, Mexico, and the US-Canada that
began in 2001.

Mexico's trade liberalization coincides with the rise of GVCs; within GVCs, producers in one
country buy inputs and add value to them, which is included in a subsequent stage of production
that may be carried out in another country, and so on until the final good is obtained. The different
stages have different levels of complexity, so that some countries carry out high value-added
activities (especially those where the leading companies in the chain come from), while others
carry out low value-added activities (generally developing countries that carry out assembly

activities). In the case of Mexico, assembly predominates as the main form of insertion in GVCs.

In light of this, incorporating domestic value-added in GVCs is essential for promoting economic
growth, not only through the payment of domestic factors of production, but also through the use

of domestic inputs in the manufacture of exports (Fujii-Gambero and Cervantes, 2013).

In Mexico, the dynamism of technology-intensive exports to its North American partners is
accompanied by a loss in the ability of the manufacturing sector to function as an engine of
growth. The main cause would be the low domestic value added incorporated in exports that are
not linked to the automotive chain (Blecker et al., 2021). The growing use of imported inputs from
China reinforces this trend and presents a challenge for Mexico to improve the quality of its

insertion in North American production chains.

The US-Mexico-Canada-Mexico Agreement (USMCA) has only been in place for a relatively
short space of time. According to Ortiz-Velasquez and Peralta (2019), the purpose of USMCA is
to improve the competitiveness of North American chains in relation to China, especially that of
the automotive industry. This is evidenced by the increased regional content requirement for
goods in the automotive chain and in the clause that obliges member countries to inform in

advance if they wish to enter into a trade agreement with a non-market economy.



3. METHODOLOGY

The main source of data is the 2016 version of the World Input-Output Database (WIOD)
(Timmer et al., 2016). The database is composed of 43 countries and Rest of the World data for
56 economic activities, classified into manufacturing, primary sector, knowledge-intensive
services, and others.2 WIOD is the only available database containing data since 2000 and
dividing electrical and electronic-optical products into different sectors. The availability of data
since 2000 is important for analyzing the changes brought about by China's accession to the
WTO, while the differentiation between electrical and electronic-optical products is crucial, as
these are two production chains with fundamental differences in their functioning. Furthermore,

the period 2000-2014 is ideal for analyzing the second stage of North American integration.

Wang, Wei, and Zhu’s (2013, hereafter WWZ) decomposition makes it possible to trace the
value-added contained in exports at the bilateral-sector level, according to their origin and final
destination. Assuming an input-output model of N countries and n sectors, the WWZ

methodology is based on the classical analysis of the model proposed by Leontief (1936):

Xg Age Ay Ay [Xs Yoy + Yor + Yy
Xel = [Ars Apr Ape] | Xe| 4 | Yis + Y + Yy 1)
X Avs Ay Agd LX Yis + Yir + Yt

Where, Xs and X; are gross production vectors of order nx1, X; of order (hN-n2)x1, the subscript
"t" represents the rest of the countries (excluding "s" and "r"). Ass, Asr, Ars and Ay are submatrices
of the Leontief technical coefficient matrix (A) of order nxn, Ast and A of order nx(nN-n2), Ags,
and Ay of order (nN-n2)xn and A of order (nN-n2)X(NN-n2). Yss, Ysr, Yst, Yrs, Yir and Yy are final

demand vectors (Y) of order nx1, Yis, Y, and Yy of order (nN-n2)x1.

x:: = IJ"'Lss —Asr _Ast ! Yss + Ysr + Ysr

xr = _"ﬂirs I— lr.‘*rr _ﬂrt "?rs + "'rrr + "’rt

Xy L —Aygg —Ay - Ay Yis + Yy + Yy

)
_Ess Bsr‘ Bst Tfs

=|Brs By Bp|[Ye

Bis By Byl LYy
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Where, Bss, Bsr, Brs and By are submatrices of the global inverse Leontief matrix (B) of order nxn,
Bst and By of order nx(nN-n2), Bis and By of order (nN-n2)xn and By of order (nN-n2)x(nN-n2).
Ys and Y, are final demand vectors of order nx1 and Y; of order (nNN-n2)x1. | is an identity matrix

of the order required to carry out the indicated operation.

Based on equation (1), the bilateral gross exports from country "s" to country "r" is expressed as

follows:

Egr = Yor + AgrXy (3)

Where, Eg is the vector of gross exports directed from country "s" to country "r* of order nx1,
Ysr the exports of final goods, and AsX; the exports of intermediate goods. In turn, intermediate
exports from country "s" to country "r" can be decomposed according to the route they follow in

the chain and their country of final absorption:

N M
Asrxr = AsrBrrYrr + jl:"‘.';r Z B1't""rtt + "ﬂ‘srBrr Z 1rrrt

[#35.r [=5T

M M M
+A51‘ z Et’t Z Y[W + JlﬂiSI'Bl"t"I‘.I‘E + J|ﬂl‘Sl" z HTEY[S (4)

=51 w51 (=51

N
+A51"BI‘SYSS + "ﬁ"SI‘Bl"S Z Y’St

[+5

Where the first term corresponds to the inputs exported from country "s" that are used by country
"r'" to produce its own end-use goods. While the second to eighth terms include the inputs
exported from country "s", which are used by country "r" to produce its exports to the world as a
whole (including country "s"). By grouping the eight terms, equation (4) can be rewritten as

follows:

N N
AgrXy = her Z Erthg )
LI



To identify flows that cross customs at least once, WWZ and Borin and Mancini (2019) use the

Leontief inverse local matrix (L) of country "r":4

Ly = (1= Apyp) ! (6)

Matrix B includes all countries in the calculation process and matrix L is computed separately,
taking into account only the technical coefficients of the required country. Using equation (6), the

first term of equation (4) can be disaggregated as follows:

AgrBrrYer = Al Yir + ARF(BH‘ - er')Yrr (7)

Where the first term is the inputs imported by country "r" from country "s," which are not
processed in third countries and are finally consumed in country "r." The second term is the
inputs imported by country "r* from country "s," which are processed in third countries before
being finally consumed in country "r." This is because the B, submatrix includes the backward

linkages that country "r" has with international production networks.

The value added multipliers can be decomposed, according to their domestic origin (from country

"s") or foreign origin (from country "r" or the rest of countries "t"), as follows:

N
VeBgs + ViByg + Z ViBys = v (8)

tes 1

Where, the first term is a vector of order 1xn with the domestic multipliers, the second is of order
1xn and contains the foreign multipliers of value added coming from country "r* and the third is
of order 1xn and includes the sum of the foreign multipliers of value added coming from the rest

of countries "t."
Using the L matrix of country "s", the first term of equation (8) is decomposed as follows:

Vslgs + (VsBgs — VsLgs) = ViBgs 9)
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Where VsLss contains the local value added multipliers of country "s." Defining the operator # as
an element-by-element multiplication and as the transpose of a vector or matrix, the exports of

final goods from country "s" to "r" are decomposed at the sectoral level according to the origin of
the value added:

M
Yor = (VsBgs) #Ys + (Vi Bys) #Ys, + (Z ViBis) #Ysp (10)
t=s,r
(VsBss)I#Ysr = (Vs Lss)I#Ysr + '[vsBss - UsLss):#Ysr (11)

Where the first component isolates the value added of country "s,” which crosses international
customs on only one occasion. The second is the value added of country "s," which undergoes

prior processing in third countries and, therefore, crosses borders on more than one occasion.

Similarly, making use of equations (5) and (8), equation (12) disaggregates the exports of
intermediate goods from country "s" to country "r" at the sectoral level, according to the origin of

the value added:

[ I N N
A X = (VsBs) #(A, Z Z BFI:Y[R) + (VeBrs) #(A,, Z Z Brt?tg)
L ) t 8

N M M
FO) VB #(Ay ) ) BaY,)
g

[#5T t

(12)

Where the first term represents the value added of country "s", the second term represents the
value added of country "r", which returns to this country through imports of intermediate goods
from country "s", and the third term represents the value-added from the rest of the countries "t."
In this case, matrix L is also used to decompose the first term of equation (12), according to the

number of times it crosses international customs:



(VsLss) #(Ag L Y,) + ((VsBss)' (f‘hﬂ-z Zg: BaY,,))
—((VsLss) (A L YD) (13)

NN
= (ViBeo) #(A ) ) Ba¥,)
tog

Where the first term is the value added of country "s", which crosses international customs on
only one occasion, and is finally absorbed in country "r*. While the difference expressed in the
second term is the value added of country "s", which crosses customs on more than one

occasion and is finally consumed in any country in the world.

For analytical purposes, the category of “final goods" is used for end-use products, "simple
chains" for cases in which the value-added contained in exports of intermediate inputs crosses
customs on only one occasion, and "complex chains" for those in which it crosses borders on

multiple occasions (Wang et al., 2016).

Making use of equations (10), (11), (12), and (13), total gross exports from country "s" to "r" are

disaggregated as described in Table 2.



Table 2. Decomposition of gross exports from country “s” to country “r" info final goods, simple chains,
and complex chains

(ategory Mathematical formula Descripfion
(1 (VsLiss ) #Yo, Domestic Value Added (DVA) of country
"s" contuined in exports of final goods

from country *s" to country "r."

(2 (VLo ) #(A L Y0 DVA of country "s" contained in exports
linked to simple chains from country "s”
to counry "

(3 DVA of country "s" contained in exports

"s" to country *r", finally consumed in

NN
(V,B,, ) #(A,, Z Z BryYeg) | + [(VBys — ViLag) #Y,,] linked to complex chains from country
CE any country in the world.

- [(vsl-'ssj r#(*ﬂl51']--"L'rl|rrrr:|--|
(4 ) .. Foreign Value Added (FUA) from the
(Z ViBys) #(Ys + Ay Z Z B Yig) rest of the world (including country "r"),
tes t g contained in exports linked fo complex
chains from country "s” to country *r",
finally consumed in any country in the

world.
Source: Compiled by the author based on Wang et al. (2013) and Borin and Mancini (2019).

To analyze triangular trade relations, C4 is broken down according to the country of origin of the
value added and the country of final destination. Table 3 details this breakdown in the case of
the analysis of the China-Mexico-US triangular relationship, where the relevant countries of

origin and destination of value added are China, the US, Canada, and Mexico.2


https://www.probdes.iiec.unam.mx/index.php/pde/article/download/69827/62197?inline=1#footnote-5

Table 3. Breakdown of Mexico's gross exports fo the US, according to the origin of total value added and

final destination of Chinese value added

Component Mathematical formula

Description

E] {-UIILLI'IIITI)II#YI'I'ILI
v [(ViLomm )" # (A Ly Yuu) |

CB | [~1i'lr?.".H]:|'.J1'| - "'l-I.I.I.T'IHI.I.I.-':I.I"u"'TrITII.I |

[
+ L-‘I'.;II'HIIIIII-}F#[‘l\'lllllZ HI”YH-!-:I

T E

- “- il"I-rr'l'||||||-]r‘{;|:'{- A ||||||'||||1rr||||:|-|

(4.1 N
{vcthlull}r#{Ymu + 'Ill!"lll'-' z Buthu]
t

(4.2 N
{-vl'“ Bl’.‘l:lIHJJ# ("ﬂl'rlll.l Z B‘I.LI'.“Irlr.'I1::I
t

(4.3 N
{""IthBrhm]‘#(‘qmu Z But&lrr.i::|
L

(4.4 N
{‘I,‘,'L_hBLhm}‘ #(ﬂrnu Z BulYtrrl)
t

(4.5 NN
(vrhEchme#{Amu Z

t g2muchc

BuiYig)

6 v
(VB ) # (Y + Ay ) ) Bue¥y)
t g

c-u N n
(VeBem) # Vo + A D > BuYeg)
t g

(4.8

N ! N N
( Z UIHIIT'I) ”{YII'I'I.U. + "ﬂl'l'l'll.l Z Z HLIEYEE)
t2much.c t g

Mexican Volue Added (VA) contained in Mexico's
final goods exports to the LIS

Mexican VA contained in exports linked to simple
chains from Mexico o the US.

Mexican VA contained in exports linked fo
complex chains from Mexico o the US, ul-imately
consumed in any country in the world.

(hinese VA contoined in exports linked to complex
chains from Mexico o the U.S., limately
consumed in the US

Chinese VA contoined in exports linked to complex
chains from Mexico to the US, which is ltimately
consumed in China.

Chinese VA contained in exports linked to complex
chains from Mexico o the US, uHimately
consumed in Canada.

(hinese VA contained in exports linked to complex
chains from Mexico o the US. uHimately

consumed in Mexico.

(hinese VA contained in exports linked to complex
chains from Mexico to the US, which is limately

consumed in the rest of the word.

US VA contained in exports linked fo complex
chains from Mexico to the US, ultimately

consumed in any country in the world.

Canadian VA contained in exports linked o
complex chains from Mexico to the US, ultimately
consumed in any country in the world.

Vi from the rest of the world confained in exports
linked to complex chains from Mexico to the US,
ultimately consumed in any country in the world.




On the other hand, a comparative analysis is made of the origin at the country-sector level of the
value added contained in Mexican manufacturing exports to the US and Canada. This will allow
us to approximate the level of sophistication of intermediate inputs from China and North
American countries used in the production of Mexican manufacturing exports to North America.

This is possible by applying Leontief's standard decomposition (Wang et al., 2013).

Based on the Leontief demand-based input-output model of N countries and n sectors, the matrix

of value-added multipliers of the total global matrix is calculated as follows:
MVA = VB (14)

MVA is a matrix of order NnxNn, which contains in its elements the value added multipliers. Vis
the diagonal matrix of order NnxNn of the value added coefficients and B is the Leontief inverse

global matrix of order NnxNn.

Multiplying equation (14) by the diagonal matrix of gross exports of the "N" countries to country

group "Z"

MVAEy; = VBEyz (15)

MVA th-?x is a matrix NnxNn that disaggregates the value added exported by the corresponding
country (according to the column or row analyzed) belonging to the "N" countries to a group of
countries "Z." EE-Z is a diagonal matrix NnxNn, which contains the exports of each of the
countries of the global matrix to the group of countries "Z." Extracting and aggregating the
columns corresponding to the manufacturing sectors of the columns corresponding to the
Mexican manufacturing sectors of the matrix MYA th-?x allows us to estimate the origin of the

exports to each of the countries of the global matrix.

The input-output analysis shows that the value added contained in Mexico's manufacturing
exports to North America is not only a product of the Mexican manufacturing sector, but also of

the Mexican manufacturing sector.

The input-output analysis presents some limitations for the analysis of GVCs. The first is linked

to the use of proportionality in the allocation of intermediate inputs to the production of different



sectors (De Gortari, 2017). Additionally, due to existing discrepancies between countries'
national accounts, changes are made to the matrix of technical coefficients, using a balancing
method, in the compilation of the global matrices (Dietzenbacher et al., 2013). The third relates
to the assumption of constant returns to scale (Miller and Blair, 2009). These limitations decrease
their relevance in ex-post analyses covering more than one year due to the change aroused in

the production function year by year (Nagengast and Stehrer, 2016).

4. LITERATURE REVIEW

This section presents the main findings of relevant studies on the impact of China on Mexico's
insertion into North American and global chains. Dussel-Peters and Gallagher (2013) analyze
China's presence in the NAFTA area and argue that, during 2001-2010, China displaced Mexico
in the US market and began to compete with it in the Mexican market. The study points out that,
between 2001 and 2004, Mexico was the second largest source of US imports, behind only
Canada; however, it was displaced by China as of 2004. It notes a drop in the US share of
Mexican imports from 75% during the first five years of NAFTA to 50% in 2009. In this scenario,
the authors identify that 96% of US exports to Mexico and 81% of Mexican exports to the US are

facing the "Chinese threat."

At the sectoral level, the study highlights China's limited presence in the automotive industry, a
reality attributed to Mexico's leadership as a supplier of auto parts for the North American chain.
Dussel-Peters and Ortiz-Velasquez (2016) explore the impact of China on North American
intraregional trade using various foreign trade indicators. These authors claim that intraregional
trade peaked in 1999 and since then has suffered a decline due to the regional disintegration
caused by China's growing presence in North American production chains. According to the
study, China was successfully integrated into the electronics and automotive chains, although
with less intensity in the latter. Furthermore, they found that in 2014, 67% of intra-regional

exports were under the "China threat."

Chiquiar and Tobal (2019) analyze Mexico's insertion in GVCs from a historical perspective,
through a technique that combines input-output analysis and the use of gross foreign trade
statistics. The authors argue that China is one of the main factors behind the structural changes
in Mexico's insertion pattern in the GVCs. According to the study, China's entry into the WTO in

2001 coincided with a reduction in the number of stages of the production chain carried out in



Mexico, a situation that began to reverse in the mid and late 2000s. However, this return was

accompanied by a greater share of relatively less skilled labor-intensive industries.

Meanwhile, Dussel-Peters (2020) studies the triangular relationship between China, Mexico, and
the US between 1991 and 2017. According to the author, China is the main factor behind the
trade disintegration suffered in North America since 2001. Dussel-Peters also emphasizes the
growing importance of China as a supplier of capital goods to North American industry (in 2003
it surpassed the US as the main supplier and in 2010 the three North American countries as a
whole), evidence of the technological change experienced in the region's imports from China.
The study points out that the abrupt imposition of tariffs on imports from China will not easily
reverse the trends observed over the last two decades, and that the economic policy agenda
must go beyond the trade war and focus on shoring up the internal competitiveness of the North

American region.

5. FINDINGS

The insertion of Mexican manufacturing exports to North America in GVCs mainly occurs through
participation in complex chains (see Figure 3). This pattern remained stable between 2000 and
2014; however, there are differences between technology-intensive manufacturing and that
which processes NR. In 2014, 54.2% of technology-intensive exports and 34.6% of NR-intensive
exports to the US belonged to complex chains. The main reason is that NR-based chains tend

to be shorter.

A country participates in complex chains in two ways: 1) by using foreign inputs in the production
of its exports, or 2) by exporting domestic inputs used by recipient countries to produce their own

exports.

Figure 3. Breakdown of Mexican manufacturing gross exports to the
US and Canada into final goods, simple chains, and complex chains, 2000-2014 (percentages)
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In the case of Mexican manufacturing, its participation occurs mainly through the first channel

(see Figure 3). In 2014, for every US$100 exported to the US by Mexican manufacturing linked



to complex chains, US$89.7 was value added from abroad (this value rises to US$77.1 for NR-

intensive products and US$93 for technology-intensive products).

Figure 4 breaks down the value-added incorporated in Mexico's exports of complex chains to
North American countries by country of origin. NAFTA led to the transfer of some production
stages (mainly assembly activities), which were carried out in the US, to Mexico. With the
exception of exports intensive in NRM to Canada, the US was the main country of origin of the
value-added incorporated in Mexican exports of complex chains to North American countries.
Canadian value added was consistently low throughout the period, suggesting reduced levels of

productive integration between Mexico and Canada.

Figure 4. Geographical origin of value added in Mexican manufacturing gross exports
to the US and Canada (complex chains), 2000-2014 (percentages)
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Between 2000 and 2014, US value-added represented, on average, 43% of the value added

exported by Mexican manufacturing linked to complex chains to the US, and 36.7% to Canada.



However, in the same period, the share of US value-added fell by 17.1% in manufacturing
exports to the US and by 11.6% to Canada, with these levels being higher in the case of
technology-intensive products (18.5% and 12%, respectively). This drop was accompanied by

an increase in the share of Chinese value-added of 9.5% between 2000 and 2014.

The above is the result of the commercial and productive triangulation between China, Mexico,
and North American countries following China's entry into the WTO. China's incursion as a
supplier of value added in the complex chains in which Mexican manufacturing exports to the
US participate even exceeds the share of Mexican value added in the case of technology-
intensive manufacturing. In 2014, for every US$100 exported to the US linked to complex chains,
US$8.4 originated in Mexico and US$12.1 in China. The Asian presence in North American
complex chains, in which Mexico participates as an exporter, is one of the factors that contributed
to the failure of the export-led growth strategy and, in addition, led to the process of productive

disintegration in North America since 2001 (Dussel-Peters, 2018).

Figure 5 shows notable differences in the distribution of value-added according to geographical
origin in the automotive and electronics-optics chain. Between 2000 and 2014, Chinese value-
added contained in automotive exports linked to complex chains to the US represented, on
average, 4.7%, while regional value-added (from the US, Mexico, and Canada) 57.8%. For the
electronics-optics chain, these values amounted to 9.1% and 48%, respectively. Furthermore, in
2014, for every US$100 exported to the US linked to complex chains, US$8.6 originated in China
in the automotive chain and US$16.6 in the electronics-optics chain. This behavior is similar in

exports to Canada.

Figure 5. Geographical origin of value added contained in gross exports of Mexico’'s automotive
and electronics-optics chain to the US and Canada (complex chains), 2000-2014 (percentages)
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China was able to enter the electronics-optics chain with greater intensity than in the automotive
chain, due to the lack of capacity of local suppliers of electronic components to compete with
imported inputs. According to data from Mexico's 2013 Input-Output Matrix (INEGI, 2018), only
12% of the production of the subsector "334 — Manufacture of computer, communication,
measuring and other electronic equipment, components and accessories” comes from domestic
inputs. In contrast, in the case of the subsector "336 — Manufacture of transport equipment,”

38% of its production is linked to the use of domestic intermediate products.

One of the purposes of the renegotiation of NAFTA was to increase the regional content in the
North American automotive chain, with the aim of halting the advance of China as an input
supplier (Ortiz-Velasquez and Peralta, 2019). However, the presence of Chinese value added is

greater in the electronics-optics chain, which suggests the interest of the countries of the region



in protecting the automotive industry. This is explained by the articulating role that this industry
holds in North America (Aroche-Reyes and Marquez, 2018), as well as by the levels of political

pressure it tends to exert in the US (Sturgeon and Van Biesebroeck, 2011).

The North American automotive chain generates a division of labor in which Mexico specializes
in the manufacture of auto parts and the assembly of light vehicles, while the US and Canada
produce technology-intensive inputs and assemble heavy vehicles. Blecker et al. (2021) argue
that the success of the automotive chain in the framework of regional integration is not due to a

free trade scheme, but rather, to the restrictive rules of origin established following NAFTA.

China succeeded in instrumentalizing NAFTA to introduce its value-added into the region by
exporting inputs to Mexico, which are then used to produce final goods consumed mainly in the
US and Canada (see Table 4). Between 2000 and 2014, for every US$100 of Chinese value-
added incorporated into Mexican manufacturing exports to the US, US$95.5 was ultimately
consumed in the US. In the case of exports to Canada, the value amounted to US$83.9. The

participation of Mexico and the rest of the world as final consumers was low.



Table 4. Distribution of Chinese value-added according to its final destination contained in manufacturing
exports from Mexico to the US and Canada, 2000-2014 (percentages).

Couniry of final To the US lo Canada
destination of Chinese

valve-odded Average Difference Average Difference
Us 95.49 -1.10 11.56 505
(onoda 0.93 0.52 B3.91 3.79
Mezxico 0.43 0.05 (.24 0.03
North America 96.85 -1.62 95.71 1.9
China 0.30 0.51 (.34 0.35
Rest of the world .85 1.1 3.92 0.94
Total 100.00 0.00 100.00 0.00

Note: Simple overage from 2000 to 2014. The difference is the 2014 value minus the 2000 value.
Source: Compiled by the author based on data from WIOD Release 2016 (Timmer et ol., 2018).

Between 2000 and 2014, Chinese value-added not only intensified its presence in Mexican
exports to North America, but also had a change in its sectoral composition that suggests an
increase in the sophistication of the inputs imported by Mexico (see Table 5). During this period,
the share of technology-intensive manufacturing and knowledge-intensive services in Chinese

value added embodied in Mexican exports increased by 9.5%.

At the same time, inputs from the US and Canada used by Mexican manufacturing exports to
the region underwent a process of reprimarization. Between 2000 and 2014, at the cost of
reduced participation from technology-intensive manufacturing and knowledge-intensive
services, the primary sector increased its contribution to US value-added incorporated in

Mexican exports by 7.6% and to Canadian value added by 13.8%.

The sectoral composition of Mexican value-added incorporated in its own exports to the region

remained relatively stable; however, the low participation of knowledge-intensive services and a



lower contribution of technology-intensive manufacturing than in the case of Chinese and US

value-added stand out.

This study’s findings show not only a displacement of the US by China in the incorporation of
value-added in Mexican exports to North America, but also a trend towards a loss of

sophistication of US and Canadian intermediate inputs compared to those from China.



Table 5. Sectoral composition of North American and Chinese value added in
Mexican manufacturing exports to the US and Canada (percentages)

Country/Sector 2000 2014 Difference
Us
Primary sector 5.2 12.8 16
NR-intensive manufacturing 28.6 30.0 14
Technology intensive manufacturing 328 25.9 4.9
Knowledge-intensive services 149 144 4.5
Others 18.5 17.0 1.6
Mexico
Primary sector 14.4 144 0.0
NR-intensive manufacturing 398 399 0.0
Technology intensive manufacturing 220 19.2 2.8
Knowledge-intensive services 2.8 1.3 0.6
Others 21.0 3.1 2.2
Canada
Primary sector 17.0 30.8 13.8
NR-intensive manufacturing 3L 5.1 5.9
Technalogy intensive manufacturing 149 9.1 5.8
Knowledge-intensive services 134 13.3 4.1
Others 23.6 21.6 1.9
China
Primary sector 14.4 12.8 1.6
NR-intensive manufacturing 36.1 6.5 4.6
Technology intensive manufacturing 19.6 268 1.2
Knowledge-intensive services 10.3 12.6 2.3
Others 19.6 1.3 1.8

Note: The difference is the 2014 value minus the 2000 volue.
Source: Compiled by the author based on data from WIOD Release 2016 (Timmer et al., 2016).



6. CONCLUSIONS

2001 marked the beginning of China's growing participation in North American trade. Chinese
value added in Mexico's manufacturing exports to the countries of the region increased rapidly
during the study period, being one of the main reasons for the process of productive and

commercial disintegration experienced in North America.

Most of the value-added contained in Mexican manufacturing exports to the US originates in that
country. However, the share of US value-added declined, displaced mainly by Chinese value-
added, which is ultimately consumed in the US. China's incursion is more intense in technology-
intensive manufacturing, to such an extent that in 2014 the Mexican value-added incorporated
in manufacturing exports linked to complex chains of this type of goods was lower than the

contribution made by Chinese value-added.

The data obtained show Mexico's poor competitive performance in the complex North American
chains in which it participates as an exporter, with worse results in the case of technology-
intensive products. This behavior has been underpinned by the growing presence of China in
the value-added exported by Mexican manufacturing. This research not only finds empirical
evidence of the displacement of the US by China in the incorporation of value-added in Mexican
manufacturing exports to North America, but also shows a process of reprimarization of
intermediate inputs from the US and Canada, which Mexican manufacturing uses to produce its
exports, as opposed to inputs from China, which contain increasing levels of value-added

generated in technology-intensive manufacturing and knowledge-intensive services.

The results obtained support the hypothesis that the renegotiation of NAFTA was just another
step in the trade war between the US and China. Additionally, the specific analysis of the
automotive and electronics-optics chain revealed the preference of North American countries to

protect the automotive industry from China's advance in the region.

This article opens up the possibility of carrying out future studies in different directions to better
understand the evolution and effects of China's presence in the region. In subsequent work, and
depending on the availability of recent data, we suggest updating this research to study the

effects of the new NAFTA (USMCA), the reconfiguration of GVCs, and COVID-19 on Mexico's



and the region's trade relations with China. It is also crucial to analyze the effects of China's
presence on the Mexican manufacturing industry, which exports to the domestic market, and to
carry out a more detailed study of the sectoral composition of the value added incorporated in

Mexican exports to the region.

In methodological terms, the proposed decomposition of gross exports to analyze processes of
commercial and productive triangulation can be expanded in future research, via an algebraic
treatment that allows the isolation of the double-counting components. Similarly, the introduction
of trade and/or business microdata could provide material for a detailed analysis of specific
chains. Finally, economic and trade policymakers should go beyond the renegotiation of NAFTA
and formulate more and better measures to strengthen the competitiveness of the entire area.
In the case of Mexico specifically, new strategies must be designed to strengthen the domestic
market through greater incorporation of local value added into international and North American

production chains.
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Table A.1. Grouping of NACE Rev.2 classification economic activifies

Primary Sector

Agriculture, livestock, and hunfing
Foresiry and logging
Fishing and oquaculture

Mining and quarrying

HR-intensive manufacuring industry

Food, beverages, and tobacco products

Teatiles, clothing, and leather products

Wood, wood products, and cork, except fumiture, straw products, and plaiting materials
Paper and paper products

Printing and reproduction of recorded media

(oke and refined pefroleum products

Chemicals and chemical products

Rubber and plastic products

Other non-metallic mineral products

Basic metals

Fabricated metal products, except machinery and equipment
Furniture, other manufactured goods

Technology-intensive manufacturing

Basic pharmaceutical products and pharmaceutical preparations
Optical, electronic, and computer products

Electrical equipment

Machinery and equipment

Mator vehides, trailers, and semitrailers

Other transporfation equipment

Knowledge-intensive services

Mantime and inland waterway transporfation
Bir trans port
Publishing activifies

Mofion picture, video, and felevision program activities seund recording, and music publishing activities; radio and television
programming and broodeasting activities

Telecommunications

Programming, consultancy, and other information technology activities; information service acivities






Table A.2. Breakdown of Mexico's gross exports to Canada, according to origin of total value added and
final destination of Chinese value-added
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Mexican Valve Added (VA) contained in
Mexico's exports of final goods to Canada.

Mexican VA contained in exports linked to
simple chains from Mexico to Canada.

Mexican VA contained in exports linked fo
complex chains from Mexico fo Canada,
ultimately consumed in any country in the

world.

(Chinese VA contained in exports linked to
complex chains from Mexico fo Canoda,
ultimately consumed in Conada.

(Chinese VA contained in exports linked to
complex chains from Mexico fo Canada,
ultimately consumed in China.

(Chinese VA contained in exports linked to
complex chains from Mexico fo Canoda,
ultimately consumed in the US.

(Chinese VA contained in exports linked to
complex chains from Mexico fo Canada,
ultimately consumed in Mexico.

(Chinese VA contained in exports linked to
complex chains from Mexico to Canada, finally
consumed in the rest of the world.

(anadian YA contained in exports linked
to complex chains from Mexico fo Canada,
ultimately consumed in any country in the

world.

US VA contained in exports linked to complex
chains from Mexico to Canoda, ulfimately
consumed in any couniry in the world.

VA from the rest of the world contained in
exports linked to complex chains from Mexico
to Canada, ulfimately consumed in any country
in tha warld
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