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1 Introduction

Since the Great Recession, we have seen increasing trade protectionism, from Brexit, to the rene-
gotiation NAFTA, the U.S.-China trade war, the ongoing Japan-Korea and the possible U.S.-EU
trade wars. Surprisingly, this bout of protectionism has focused on tariffs imposed on intermediate
products.! Taxing intermediate goods violates the Diamond and Mirrlees (1971) principle of op-
timal taxation. Equally surprising, much of this increased protection originates from high income
countries (the North). This suggests an obvious question: If international trade is strictly trade
in intermediate goods, would the common presumption, that small, less developed economies (the
South) lose from trade wars still be true, as predicted in the strategic final product trade litera-
ture (cf. Kennan and Riezman 1988)?? In particular, if the South is able to adjust its technology
via the composition of intermediate goods trade, would the South necessarily suffer income and
productivity losses as a result of a trade war with the North?

We address these important questions by constructing a dynamic North-South model of technology-
embodied intermediate goods trade.> We stress two channels of technology advancement in the
South: one via technology-embodied intermediate goods trade with the North and another via
investment in domestic technologies. Our paper examines the interplay of these two forces allowing
the length of the production line that transforms intermediate goods into final product and the
ranges of exports and imports to be endogenously determined. In response to a tariff war, the
South optimally adjusts their choice of imports from the North that are embodied with better
technology in addition to adjusting its own investment in domestic technology. We will show that
the effect of the trade war is dampened by the fact that intermediate producers in the South adjust
their investment in technology and that final producers adjust the mix of intermediate goods by
importing new varieties embodied with superior technology, which helps the South move up along
the value chain by taking advantage of the North technologies that are available for trade.

Consider a developing economy, the South, that produces final and intermediate goods. The
final good is produced according to a general quadratic production function with a continuum
of intermediate goods (the production line (cf. Shubik 1959; Peng, Thisse and Wang 2006)).

Intermediate goods may be domestically produced or imported from the North. While intermediate

'For example, in the U.S., nearly 90% of intermediate imports from China face increased tariffs (cf. Bown 2019).

>This literature goes back to the original contribution by Johnson (1953), later generalizated with more compli-
cated strategies by Mayer (1981) and Riezman (1982) and with political economy by Grossman and Helpman (1995).
It serves as a foundation for the formation of custom unions. In our paper, we are abstracting from such strategic or
lobbying behaviors, but focusing on internationally integrated middle product markets between the North and the
South.

3 As documented by Hummels, Ishii and Yi (2001), the intensity of intermediate goods trade measured by the VS
index has risen from below 2% in the 1960s to over 15% in the 1990s.



production technologies in the South are inferior to those in the North, intermediate producers
in the South may invest to improve its own technology. Because we use the general quadratic
production function, we can order all intermediate goods used by the South according to their
levels of embodied technology and solve the model without imposing ex post symmetry. We show
that in equilibrium the South will export intermediate goods with the lowest technology while
importing higher technology intermediate goods from the North.

We establish sufficient conditions for the following results. Foreign trade protection hurts domes-
tic intermediate producers’ exports to the North on the intensive margin while lowering domestic
prices of these exportables. Under our general quadratic production function, a longer production
line tends to improve productivity due to the usage of more sophisticated intermediate goods em-
bodying more advanced technologies. Thus, in response to foreign trade protection final producers
in the South can counter it by choosing to expand their production line at the expense of reduced
demand of lower-end intermediate varieties. This thereby creates a of extensive margin effect and
establishes a novel channel of scale-scope trade-off in response to protectionism. Similarly, domestic
trade protection decreases imported intermediate inputs on the intensive margin, but final goods
producers can react to the tariffs by replacing the less sophisticated intermediate varieties with
higher-end intermediate goods, again by expanding the production line as discussed in the foreign
trade protection above. That is, there is an effect on the extensive margin and a scale-scope trade-
off as well. Furthermore, when importing from the North brings in more advanced technologies,
the incentive to invest in lower-end technologies is reduced.

These conflicting intensive and extensive margin effects mean that the net effects of a trade
war are ambiguous. What we can say is that the potential damage of a trade war is dampened by
the fact that final goods producers adjust their choice of intermediate goods both at the intensive
and extensive margins, and intermediate good producers adjust by investing directly in technology
improvements in their intermediate goods. Since trade acts as a mechanism to transfer technology
from the North to the South, final producers contributes to technology upgrading in the South via
shifting toward importing intermediates embodied with higher end of technology, while intermediate
producers have less incentive to invest in domestic technology upgrading. Whether a trade war hurts
the South is then a quantitative question which requires calibration.

For the calibration, we use the data from Socio-Economic Accounts and World Input-Output
Tables for the period 1995-2009. We divide all countries (40 countries plus the rest of world) into
two groups: high-income countries (the North) and middle or low-income countries (the South).
We then calibrate our model to fit various data moments of this constructed North-South trade
dataset. We measure the size of the trade war by using information from the current U.S.-China

tariff negotiations.



Our quantitative results show that both exports and imports fall and the production line ex-
pands. This is consistent with our theoretical results. Although imports decrease, an expanded
production line implies that marginal imports embody better technology, thus enhancing aggregate
technology. The trade war turns out to induce a modest increase in average technology and average
productivity in the South. As a result, both the value-added ratio (per unit of domestic aggregate
intermediate demand) and the consumption ratio in the South also increase modestly despite the
detrimental effects of a trade war on the volumes and values of trade.

To better understand these results we decompose the tariff effects on exports and imports. We
find that the reduction in imports is exclusively due to the extensive margin effects. The pure
extensive margin effect on exports is negligible. While there is a large negative intensive margin
effect, this effect is partially offset by changes in net domestic aggregate intermediate good demand.

Next, we look into the role of domestic technology upgrading versus imported technology em-
bodied in intermediate goods trade. We conduct counterfactual analysis by eliminating domestic
technology upgrading and import-induced technological advancement one at a time. Our results
indicate that the intermediate importing channel is the dominant effect. Overall, the response of
increasing high technology intermediate imports as a response to a trade war, in conjunction with a
dominant extensive margin effect, constitutes a key scale-scope trade-off driving the main findings.
By performing sensitivity analysis with respect to various pre-set parameters, we find that our main

results remain valid.

Related Literature

The idea that technology can be transferred by means of intermediate goods trade is based
on the argument by Keller (2000). This argument is recently renewed in a study of multinational
enterprise by Alviarez, Cravino and Ramondo (2019), identifying that firm-embedded technologies
transferable globally account for 20% of cross-country TFP differences. Ramanarayanan (2014)
uses Chilean plant-level data to establish that importing more implies higher productivity, whereas
Halpern, Koren, and Szeidl (2015) also establish a counterfactual result, using Hungarian microdata,
that should all input varieties be imported, a firm’s revenue productivity would be higher by 22%.
That is, all of these empirical studies verify the importance of imported intermediate goods for
productivity enhancement.

There is another literature linking the use of intermediate goods with final good productivity.
In his pivotal work, Ethier (1982) argues that the expansion of the use of intermediate goods is
crucial for improving the productivity of final goods production. While Ethier (1982) determines
the endogenous range of intermediate products with embodied technologies, there is no trade in
intermediate goods. Yi (2003) and Peng, Thisse and Wang (2006) examine the pattern of inter-

mediate goods trade, the range of intermediate products with exogenous embodied technology. In



Flam and Helpman (1987), a North-South model of final goods trade is constructed in which the
North produces an endogenous range of high quality goods and South produces an endogenous
range of low quality goods. Although their methodology is similar to ours, their focus is again on
final goods trade. Impullitti and Licandro (2018) have a model of final goods trade in which trade
liberalization leads to higher productivity through increased firm competition, lower markups, and
higher R&D investment. In contrast with all these papers, our paper determines endogenously both
the pattern and the extent of intermediate goods trade with endogenous technology choice. Thus,
our framework focuses on the trade-off between importing technology embodied in intermediate
goods and advancing domestic technology. Furthermore, we characterize the effects of trade pro-
tection on the volume and value of trade as well as on average technology and average productivity

by accounting for both the intensive and extensive margins.

2 The Model

We consider a small open economy as the domestic country, which is less advanced (South) tech-
nically than the foreign country (North). There are two sectors: (i) an intermediate good sector
in which goods may be domestically produced or imported from the North, and (ii) a final sector
that manufactures a single nontraded good using a basket of traded intermediate goods as inputs.
All foreign variables are labelled with the superscript *.

This economy represents a global value chain featuring an endogenously determined production
line along which a single final product can be manufactured using a basket of technology-embodied

and internationally traded intermediate goods.

2.1 The Basic Environment

We focus on efficient production of the final good using intermediate goods. In addition to the non-
traded final manufactured good, there is a nontraded service produced using a Ricardian technology
with unit labor requirement equal to 1/ where Q > 0.

The domestic economy is populated with a continuum of identical workers of mass one, each
is endowed with a unit of time supplied to the labor market inelastically and allocated to either
manufacture-related activities (V) and the service sector (1 — N). Individual consumers value both
final good consumption (¢) and service consumption (s), which are fractional substitutes to yield
utility u(c+ xs), with x > 0 and w strictly increasing and concave. Individual income [ is the sum
of wage income (w - 1), capital incomes (K1) and redistributed profits from final and intermediate
firms (PI), i.e., I = w+ KI+ PI. Further assume that capital installed the beginning of a period

is fully depreciated at the end of the period and is rented out to intermediate producers every



period. With rental income and investment exactly offsetting each other and given the relative
price of service p°, the remainder of individual income is used for consumption purposes, i.e.,
c+p’s=1—-KI=w+ PI.

With this simple structure in the absence of capital or asset accumulation, the consumer’s
optimization becomes atemporal, so the final good can be chosen as the numeraire whose price is
normalized to one at all time. When the consumption bundle is interior (consuming both final
good and service), we have p® = x. In this case, there is indeterminacy from the demand side and
final good consumption is entirely pinned down by the supply Y. When p® < x, we have a corner
solution with agents consuming the final good only. We rule out the other corner case when the
final good is not produced. In the interior case, wage equalization between the two manufactured
sectors and the service sector subsequently implies: w = x€2. The budget constraint then becomes:
c=x(Q—s)+ PI =Y, from which we can solve for service consumption. This enables us to
restrict our attention purely to the manufactured final and intermediate goods sectors to which we

now turn.

2.2 The Final Sector

The output of the single final good at time ¢ is produced using a basket of intermediate goods of
measure M;. The endogenous determination of the overall length of the production line M; plays a
crucial role in assessing the “extensive margin” effects of trade protection on the respective ranges
of export, import and domestic production.

Each variety requires ¢ units of labor and each unit of labor is paid at a market wage w > 0. The
more varieties used in producing the final good the more labor is required to coordinate production.
This follows Becker and Murphy (1992). Denoting the mass of labor for production-line coordination
at time ¢ as Dy, we have:

M, = ;Dt (1)

In the absence of coordination cost (¢ — 0), the length of the production line M; becomes trivial,
depending on the choke price and the price gradient. In Melitz and Ottaviano (2008), there is a
choke price which sets an upper bound on the number of varieties. In our model, there is no choke
price because higher M; is associated with better technology and a lower price. Thus, in order
to have an interior solution for M;, we introduce a coordination cost associated with final good
production.

The final good at time ¢ is produced with a generalized quadratic production technology:

2
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where x4(7) measures the amount of intermediate good ¢ that is used by the final good producers
and a > 0, 8 > ~. The first term is typical quadratic production that leads to linear demand. «
measures final good productivity, whereas § > v means that the level of production is higher when
the production process is more sophisticated. We thus refer to 5 —~ > 0 as the production sophis-
tication effect, which measures the positive effect of the sophistication of the production process on
the productivity of the final good. To consider the product differentiation effect, the second term
is added — it is thus referred to as general quadratic production a la Shubik (1959) and Shubik and
Levitan (1980). In particular, v measures the complementarity or substitutability between different
varieties of the intermediate goods, where v > (resp., <) 0 means that intermediate good inputs
are Pareto substitutes (resp., complements). This generalizes the typical linear demand models in
the industrial organization literature by considering firms’ competition not only in the quantity but
quality (cf. Singh and Vives 1984; Vives 1985).

It is important to note that, with the conventional Spence-Dixit-Stiglitz-Ethier setup, ez post
symmetry is imposed to get closed form solutions. For our purposes, we must allow different
intermediate goods to have different technologies. Using this generalized quadratic production
technology, we can solve the model analytically without imposing ex post symmetry. Moreover,
under this production technology, intermediate producer markups are endogenous, varying across

different firms.

2.3 The Intermediate Sector

Each variety of intermediate good is produced by a single intermediate firm that has local monopoly
power domestically as long as varieties are not perfect substitutes. Consider a Ricardian technology
in which production of one unit of each intermediate good (%) requires 7 units of nontraded capital

(e.g., building and infrastructure) in unit of the numeraire final good:

ke (2) = nye(3) (3)

where ¢ € I that represents the domestic production range (to be endogenously determined).
In addition to capital inputs, each intermediate firm ¢ € I also employs labor, both for manu-
facturing and for R&D purposes. Denote its production labor as L:(i) and R&D labor as H¢(i).

Thus, an intermediate firm 4’s total demand for labor is given by
Ni(@) = L (i) + He(0). (4)
With the required capital, each intermediate firm’s production function is specified as:

ye(i) = At(i)Lt(i)e (5)



where A;(7) measures the level of technology and 6 € (0,1). By employing R&D labor, the inter-

mediate firm can improve the production technology according to,
Apa (i) = (1= v) Ag(i) + ¢, (1) He ()" (6)

where 1,(i) measures the efficacy of investment in technological improvement, v represents the

technology obsolescence rate, and p € (0,1). To ensure an interior solution, we impose: 6 + p < 1.

Remark 1: Note that we have technology choice, not technology adoption or technology spillovers.
These concepts are sometimes confused. Technology adoption permits the use of foreign technologies
to produce goods domestically by paying licensing fees. Technology spillovers are uncompensated
positive effects of foreign technologies on domestic technologies. What we mean by technology
choice, is that domestic producers of final goods implicitly choose the level of technology they
use through their choice of intermediate goods used in the production process. They can use
lower technology by using domestically produced intermediate goods; they can also employ higher
technology by using imported intermediate goods that are produced using foreign technologies.
The trade-off these firms face is that adopting higher technology production means a larger range
of intermediate goods and higher coordination costs.

One may easily extend our setup to incorporate technology spillovers. In particular, consider
the case in which foreign technologies embodied in imported intermediate goods also contribute to
domestic technology improvements via reverse engineering. We can modify equation (6) to allow

for spillovers
Apg1(i) = (1= v) Ag(i) + [(1 = ) ¢y () + <5 ()] Hy ()"

where 1} (i) measures the efficacy of investment in technological improvement for the foreign country
and ¢ > 0 indicates the strength of international technology spillovers. While we will discuss the
implication of this modification in Section 5 below, it is clear that such an extension would not

affect our main findings so long as ¢ is not too large.

3 Optimization

When a particular intermediate good is produced domestically but not exported to the world
market, such an intermediate producer has local monopoly power. Thus, we will first solve for the
final sector’s demand for intermediate goods, and then we solve for each intermediate firm’s supply
and pricing decisions for the given demand schedule. Throughout the paper, we assume the final
good sector and the intermediate good sector are a small enough part of the entire economy to take

all factor prices as given.



The dynamic optimization problem across two adjacent periods can be divided into two sub-

stages:

(i) Determine the length of production line M and ranges of trade and production [0, %], [0, n"]:
this problem is atemporal, solved by final producers, taking intermediate producers’ prices as

given.

(ii) Given the length of production line and ranges of trade and production, determine:

a. intermediate demands, supplies and producer prices: this problem is atemporal, solved by

final and intermediate producers, taking technology as given;

b. investment (R&D labor) in domestic technology and hence labor allocated to production:

this problem is intertemporal, solved by intermediate producers.

Backward solving is applied to solving these sub-stages.

3.1 Stage 2

We first solve for final producers’ intermediate demands, followed by intermediate producers’ sup-
plies and producer prices (Stage ii-a) as well as labor allocation to production and R&D (Stage
ii-b).

3.1.1 The Final Good Sector

Assume that the South produces all intermediate goods in the range [0, ntP ] and exports intermedi-
ates in the range [0, nﬂ, where nf < nf , while intermediates in the range [nf , Mt] are imported
(see Figure 1 for a graphical illustration). We later solve for n’, n}’, and M;.

The final good producers have the following first-order condition with respect to the demand

for intermediate goods x(7):

dYy

Mt ! I
— = =) = | [ n)ai | = o), Vi€ 0,08
0
which can be rewritten as the intermediate goods demand function:
a— (B —7)x(i) — Xy = pu(i), ¥V i € [0, My] (7)

where X; measures the aggregate demand for intermediate goods by domestic firms:

=5 Mt / !
X = / x (i )di .
0



Solving from (7), we can derive the price elasticity of intermediate good demand (in absolute

pe()

— 28 4 We now have the following Lemma.
a—yXt—pt(t)

value) as £,(i) =

Lemma 1: (Demand for Intermediate Goods) The demand for intermediate good is downward
sloping. If intermediate goods are Pareto substitutes (v > 0), a larger aggregate intermediate good
demand by domestic firms (higher )N(t) reduces individual intermediate good demand but raises the

price elasticity for all varieties.

From (7), it can be seen that the generalized production function yields a linear relative demand

for intermediate goods:

!’ ’

pe(i) —pe(i ) = —(B — 7)[@e (i) — 2 (@ )] (8)

Lemma 2: (Relative Demand for Intermediate Goods) The relative demand for intermediate goods
is downward sloping. Additionally, the stronger the production sophistication effect is (higher f—=),

the less elastic the relative demand will be.

We can then derive the final good producer’s first-order condition with respect to the length of
the production line M; (see the Appendix):

B—
2

o —

(M) =y Xe | we(My) = wé + (1+7)p; (M) (M) (9)

where the left-hand side represents the marginal benefit from and the right-hand side the marginal
cost of expanding the production line. Given 8 > ~, the solution to relative demand exists if
[ =7 X; — (1+ 7)p} (M)]? > 2(8 — 7)w.

Next, we analyze the intermediate good sector.

3.1.2 The Intermediate Sector

With local monopoly power, each intermediate firm 4, given its own production function (5) and
final producers’ intermediate goods demand functions (7), can jointly determine the quantity of
intermediate good to supply (i) and the associated price pi(i), as well as its labor allocation to

production L;(i) and technology advancement Hy(i). By utilizing capital requirement expression

) = Q—W)N(t,—m(i).

‘From (7), the intermediate demand can be expressed as x:(i Thus, the price elasticity of

intermediate good demand in absolute value is derived as
_pe()dwe(i) _ pe(@) 1 P (%)

&0 = = )~ w7 a =X —pi(i)

5Tt is assumed there is a very large M* being produced in the world so that any local demand for M can be met

with imports from the rest of the world.



(3), labor identities (4), and technology evolution equation (6), its optimization problem is described
by the following Bellman equation:
1
V(A(i) = ma 1) — i wy [ L4 () + H, + —V(A1(0 10
VO =m0~ 0] ) HG TV (@) (10
s.t. (5), (6) and (7).

Define pj (i) as the North intermediate goods producer price, which is the delivered price (CNF
price) in the North. Let 7 be the South tariff and 7* the North tariff. Next, consider pricing

decisions. Given unlimited demand in the North, South intermediate producers would not be able

P (4)

to sell above the North tariff adjusted price, so the exporting price is given by PF(i) = T

over the exporting range [0, nf ]. South importers are paying the South tariff adjusted North price

PM(i) = (1 + 7)p} (i) over the import range [n/, M;]. Over the nontraded range [n¥,nf’], we solve

(10) to derive intermediate good producer prices P} (7). Hence,

PF(i) = £, i € [0,nf]
pe() = PP)=a—(B—uli) —vXe, i€ [nf,nf] (11)
PM (i) = (1+ 7)p; (4), i€ [nf, M

Notice that p;(7) is decreasing in A:(7), which implies that better technology corresponds to lower
costs and hence lower intermediate good prices. As a result, it is expected that dp;—i(i) < 05 that is,
the intermediate good price function is downward-sloping in ordered varieties (7).

Given that intermediate goods are Pareto substitutes, a higher aggregate demand for interme-
diate goods by domestic firms lowers the marginal product of each variety, thereby lowering the
local monopoly pricing of each variety, implying a downward shift in the P (i) locus. Thus, we

have the following Lemma.

Lemma 3: (Producer Price Schedule) Within the nontraded range [nf,nf], the steady-state in-

termediate good price schedule is downward sloping in ordered varieties (i), shifting downward in

response to a larger aggregate intermediate goods demand by domestic firms ()N(t)

Denoting z/ (i) as South’s exports of intermediate good ¢ and z:(i) as South’s imports of inter-

mediate good ¢, we can express the supply of intermediate good 7 as:

yE (i) = 24 (i) + 27 (3) > 24(3), i€ [O,nﬂ
@)= { yPi) = mli), i € [nf,nf] (12)

yM (i) = 24(1) = z(i) > 0, i€ [nf, M

10



where final producers’ demand for intermediate goods can be solved from (7) and (11):

P} ()

. a—'y)? - F .
P (i) = %, i€ [0,nf]
(i) = 2P (i) = A () Ly (), i€ [nf,nf] (13)
eM(i) = a_vXt;,(ijT)p:(i), i€ [nf,Mt]

We next solve for labor allocation for both nontraded intermediate goods i € [nf,n!] and

exported intermediate goods i € |0, nf |. As shown in the Appendix, the first-order conditions with

respect to the two labor demand variables L; (i) and Hy(i) over [nf,n!’] can be derived as:

pe(i) — 1 — BA()Le(3)°10A () Lo (i)™ = wy, Vi€ [nf,nf] (14)
Vi RO = v, Vienfoaf) (15)
The Benveniste-Scheinkman condition with respect to A¢(7) is given by,
, , , , , 1-v , .
Va, (1) = [pe(i) — n = BAC) Le(0)] Le(0)” + mVA”l(Z)’ vie[ng,nf] (16)

Similarly, we can also obtain the first-order conditions with respect to L;(i) and Hy(i) over [0,nf],

respectively, as follows:

F (0 . NO— .
) [1]9:_(3* — 17] At(z)Lt(z)e V' — wy, Vie [O,HF] (17)
H . . N p— .
T, A OVOHE™ = v, Vi€ nf] (1)
Finally, the Benveniste-Scheinkman condition is given by,
: p; (7) N A ~ ,
Vi) = |2 i) + 1V, Yic Daf (19)

We now turn to solving the system for a steady state.

4 Steady-State Trade Equilibrium

Recall that the North-South trade follows a trade-cost-augmented pricing rule, that is, (i) (will-
ingness to export) PP (i) < PE(i) = fft_gfl over the export range i € [0,nf’] and (ii) (international

competition) P (i) > PM(i) = (1 + 7)p;(i) over the import range ¢ € [n{, M;]. We are now

prepared to define the dynamic trade equilibrium:

Definition: (Dynamic Trade Equilibrium) A dynamic trade equilibrium (DTE) consists of con-
sumption choice {ct, s¢}, final producer’s intermediate demand {x(i)};c(o rr,) and production-line
length My, intermediate producers’ goods supply {y (i)};cqo,,,r and labor demands {L(7), Ht (i) };c0,5,7)
a pair of trade cutoffs {nf, nf}, and an array of producer prices, relative price of service and wage

{{pt(i)}ie[ngnf] y Di 5 Wi } , such that

11



(1) (Optimization) consumers, final producer and intermediate producers all optimize;
(ii) (Trade) intermediate goods are traded according to trade-cost-augmented pricing rule;

(iii) (Identities) capital requirement (3), production-line coordination requirement (1), and labor

identities (4);
(iv) (Technology advancement) technologies evolved according to (6);

(v) (Market clearing) labor and final good market clear domestically whereas each intermediate

good supply net of demand equals net export.
A steady-state trade equilibrium (SSTE) is a DTE such that technologies and all other quan-

tities and values cease to grow.

4.1 Labor Allocation and Technology

In steady-state equilibrium, all endogenous variables are constant over time. Thus, (6) implies:

==

N [rAG) ; P
H(z)_[w)] , Vie[o,n”). (20)

This expression implies a positive relationship between the investment in domestic technology in
forms of H (7). By manipulation (see the Appendix), we obtain the steady-state level of domestic
technology A(i) over the range i € [0,n”]:

A() = AP LG, Vie[o,n!] (21)

where

- 1 I K

One can think of A as the technology scaling factor and (i) as the technology gradient that
measures how quickly technology improves as 4 increases.

Next, we substitute (21) into (17), yielding the following expression in L(7) alone:

0 [ﬁ(i - n] AY@)L@)™ T =w, Vieon?] (22)

which can be used to derive labor demand for i € [0, n”], denoted as L% (i):

LF (i) = {9 [pz‘(z’) —n] Aw(i)}l =

w |1+ 7*

For i € [n¥,n”], the following is used to derive the labor demand:
MPL(i) = 0Ap (i) L(i) " Do —n — 4 X = (28 = 1) Ap(i) L") = w (23)
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and the labor demand for i € [ n’] is denoted as LF(i, X). The marginal product of la-

bor M PL(i) is strictly decreasing in L% (i) with limpp ;g MPL(i) — oo and limpr

MPL(i) = 0, where
28 Axp(i)
where X = fi/;é i:c(z'/)di/ = X — z(i). Figure 2 depicts the M PL(i) locus, which intersects w to

Z) — Lmax

pin down labor demand in steady-state equilibrium (point E).

That is, an increase in the degree of production sophistication (8 — ), the degree of substi-
tutability between intermediate good varieties (7), or the aggregate intermediate goods demand
by domestic firms ()? ) all shifts the M PL schedule down. As a consequence, intermediate firms’

demand for labor falls.

Lemma 4: (Labor Demand for Intermediate Goods Production) Within the nontraded range
[n¥, nP, labor demand is decreasing in the aggregate intermediate goods demand by domestic firms
()?), the degree of production sophistication (5 — ), and the degree of substitutability between

intermediate good varieties (y) in the steady state.

Next, we can use (4), (20) and (21) to derive R&D labor demand and total labor demand by

each intermediate firm as follows:

T

H(i) = (vA)* L(i), Yiel[0,n"], (24)
N(i) = L) + H(i) = [1 + (vA) ﬂ LG), Yiel[0,n”]. (25)

The aggregate labor demand in the manufacture sectors is given by,

— 1 n?
N = oM + [1 + (vA) u} / L(i)di (26)
0
where the residual 1 — N is allocated to the service sector.
4.2 Intermediate Goods Supply, Exports, and Profits
Substituting (21) into (5) yields the steady-state supply of intermediate goods:
y(i) = AY(@)LE)"™, Vie[o,n"]. (27)
From (27) and (13), we obtain the steady-state exports:
) E;\10+H a—X - f?(iz E
() = y(6) — w(i) = A(a) [LP()] " - 1 vie [o,nP) (28)

B—vy
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. — 1
To ensure nonnegative profit, we impose % > 0[1 + (vA)r] for i € [n¥,nf] and

— 1
0[1 + (vA)#] < 1 for i € [0,nF]. Since the latter condition always implies the former, we can use

the definition of A to specify the following condition to ensure positive profitability:

Condition N: (Nonnegative Profit) £ p+y <1-86.

This condition requires that the technology obsolescence rate be small enough.

4.3 Production Line and Pattern of Production and Trade

The local country’s technology choice with regards to intermediate goods production depends cru-
cially on whether local production of a particular variety is cheaper than importing it. For con-
venience, we arrange the varieties of intermediate goods from the lowest technology to highest
technology. Consider
B(E) = B(L+6-4), ¥(i) =6 (1+6" ). (29)
It is natural to assume that the advanced country has weakly better basic technology @* > 1) and
strictly better advanced technologies, implying a steeper technology gradient 6* > §.
Since technology embodied in intermediated goods is upward-sloping in ordered varieties (i),
a longer production line is associated with a new composition of varieties with higher end of
technologies. Through intermediate goods trade, an expansion of production line thus constitutes

a form of technology upgrading via an upward movement along the global value chain.

4.3.1 Determination of the Production Line

We can now derive an expression for aggregate intermediate goods demand by domestic firms (see

the Appendix):

_ M nf n¥ _ M n¥f
X = / (i) di = A (i) / LE()" i + / LP G, X+ udi| + / 2(i)di — / (i) di
0 0 0 nt 0
nontraded intermediate demand imports
, — X A+7) M,
= A/ LPZX dz+qunPf /p*zdz
) i S = =GR

domestic demand for exportables

E

a—~X P 1 " (Vi
5o, " (B—wG+TﬂA pr(i)di

which can be rewritten as:

0+ ) a
A/ LPZX)] d'L—Fm(M‘FnE—TLP)—ﬁ
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This is called the domestic aggregate intermediate demand locus. In addition, by substituting (13)

into (9), we can get the boundary condition at M:
@ =X — (1+7)p"(M) = \/2(B — 7w (31)

which will be referred to as the production-line trade-off (M M) locus.
Before characterizing the relationship between M and X , it is important to check the second-
order condition with respect to the length of the production line. From (9), and (30), we can derive

the second-order condition as:

YMa(M) M dp*(M)

(1+T)p*(M)> p*(M) dM

For tractability, world price is specified by:
pr(i) =p—b-i
The second-order condition for an interior solution of M becomes:

Condition S: (Second-Order Condition) (1 +7)b < 7 %

To obtain an interior solution of the length of production line, it is necessary to assume that
intermediate goods are Pareto substitutes in producing the final good (v > 0), which we shall
impose throughout the remainder of the paper. This condition requires that the gradient of the

tariff augmented imported intermediate goods prices be properly flat.

Remark 2: Under the North-South setting, assume that M < M*, that is, the North owns better
technology in producing intermediate goods. If Condition S fails to hold, we end up with a corner
solution M = M*.

We next turn to the determination of the length of the production line for a given (nE ,nt ) 5
To do this, we rewrite (30) as an implicit function: X = G(X, M |n® P ) Where the function G is
defined as the right-hand side of (30). From (23), the effect of an increase in aggregate intermediate
goods X is to lower labor demand, As a consequence, the implicit function above gives rise to a
unique fixed point relationship: X = G (M ‘nE’nP ). This is plotted as the X X locus in Figure 3(a)
in which the M M locus is given by (31). Differentiation of both loci with respect to M indicates
both are positively sloped.”

SWe determine (nE,nP) in subsection 4.3.2 below.

"Intuion for the MM locus result is that since intermediate goods are Pareto substitutes, the direct effect of an
increase in aggregate intermediate goods, )Z', reduces the demand for each intermediate good. As M increases, the
price of the intermediate good at the boundary, p* (M), falls, as does the cost of using this intermediate good. This
encourages the demand for (M) and, to restore equilibrium in (31), one must adjust X upward, implying that the

M M locus is upward sloping. The intuition for the X X locus is more complicated. For illustrative purposes, let us
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Since the M M locus is the boundary condition pinning down the overall length of the production
line, it is expected to be more responsive to changes in M compared to the XX locus. As a result,
the X X locus is flatter than the M M locus. This slope requirement is formally specified as:
Condition C: (Correspondence Principle) % < %

XX locus MM locus

This condition is particularly important for producing reasonable comparative statics in accordance
with Samuelson’s Correspondence Principle.® Specifically, consider an improvement in technology
(higher 9 or d, or lower v). While the M M locus is unaffected, the X X locus will shift upward.
Should the X X locus be steeper than the M M locus, better technology would cause the aggregate
demand of intermediate goods ()~( ) to fall, which is counter-intuitive. Thus, based on Samuelson’s
Correspondence Principle, one may rule out this type of equilibrium. The equilibrium satisfying
Samuelson’s Correspondence Principle is illustrated in Figure 3(a) by point E. In Section 5, we
verify these results with our calibration.

Defining the expression in (30) as X (M), we can substitute it into (9) to obtain:

T(M) =y X (M) + (1+7)p"(M) = a — /2(8 — 7)wé (32)

By examining I'(M), it is seen that M has two conflicting effects: a positive effect via the aggregate
intermediate goods input X (M) and a negative effect via the import price p*(M). Specifically, an
increase in the overall length of the production line raises the aggregate intermediate goods input
but lowers the import price. Since the X X locus is flatter than the M M locus, the negative effect
via the import price dominates the positive effect via the aggregate intermediate goods input. We

summarize this result below.

Lemma 5: (The Length of the Production Line) Under Conditions S, N, and C the steady-state
overall length of the production line is uniquely determined by the X X and MM loci.

4.3.2 Determination of Production and Trade Ranges

We next turn to determining the pattern of domestic production and export. From (11) and (13),

we can obtain the following two key relationships that determine the cutoff values, n¥ and n”,

focus on the direct effects. As indicated by (30), the direct effect of a more sophisticated production line (higher
M) is to raise the productivity of manufacturing the final good as well as the cost of intermediate inputs. While the
productivity effect increases aggregate demand for intermediate goods, the input cost effect reduces it. On balance,
it is not surprising that the positive effect dominates as long as such an operation is profitable. Nonetheless, due to
the conflicting effects, the positive response of X to M is not too large.

$Samuelson (1947) highlights the purpose of Correspondence Principle as: “to probe more deeply into its analytical
character, and also to show its two-way nature: not only can the investigation of the dynamic stability of a system
yield fruitful theorems in statical analysis, but also known properties of a (comparative) statical system can be utilized

to derive information concerning the dynamic properties of a system.”
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respectively:

~ o - * nE
PP0®) = 0% - (3 —Ape) 07 (n", %) < PO Cprery

o () = PY @) (3)

PPP) = a—qX = (8- A" [1F (), X))]

The two loci are plotted in Figure 4 along with the exogenously determined locus for P (i) given
by equation (11).

The equilibrium price locus is captured by A/B?Z’j? in Figure 4. To see this, we note that, in

order for domestic intermediate producers’ to be willing to export, their exporting prices must be

higher than producer prices over the export range 7 € [0, nE]: PP() < PE(G) = ﬁ(jz That is, the
equilibrium price schedule takes the upper envelope of P¥ (i) and PF(i) in the export range. On
the contrary, to compete with the North, domestic intermediate producers cannot charge higher
than trade-cost-augmented import prices. That is, the equilibrium price schedule takes the lower
envelope of PF(i) and PM (i) for [n¥, M]. Within this range, domestic intermediate producers
can produce when P (i) < PM(i) = (1 + 7)p*(), whereas they are out-competed over the import

range i € [nP,M].

4.3.3 Extensive versus Intensive Margins

From Figure 3(a) and Lemma 5, the X X and the M M loci define a unique association between M
and X , which immediately leads to two novel effects.

There is a boundary effect: in response to a shift in technology or a policy parameter, the length
of the production line M changes, as do the ranges of production and trade captured by the cutoffs
n? and nf. These changes are thus called extensive margin effects. These extensive margin effects
differ from those in the new trade literature where extensive margin effects are the result of firm
entry. In our model, extensive margin effects arise from changes in the length of the production line
and from the subsequent changes in the domestic production, export and import ranges.

There is also a domestic aggregate intermediate demand effect: the corresponding change in X
in response to a shift in technology or a policy parameter will directly affect intermediate goods
demand as given in (13), intermediate producers’ variety supply (27), and labor demand (22) and
(23) for producing a particular variety. We call this an aggregate effect because the effects induced
by this channel work through the aggregate demand for intermediate goods and contains both
extensive margin and intensive margin effects. In our analysis on trade protection below, this key

scale-scope trade-off will play a central role.
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4.3.4 Markups

Next we derive variable markups for all intermediate good firms. For i € [n¥ n”], maximum profit

is (i) = A(i)wN (i), and the markup for the producer of intermediate good i is (see the Appendix):

A= p(i) —n B
A = S o () —n—Be @] - (3)

For i € [0,n®], maximum profit is 7 (i) = AgwN (i), where the markup becomes a constant given by

(see the Appendix), Ag = {9[1 + (yﬁ)l/“] }_1 — 1. Note that in this general quadratic setup, as the

price (p(i) — 1) increases, the marginal cost (A[1 + (vA)Y*] [p(i) — n — Bz(i)]) increases more than
proportionately, leading to lower markups. This differs from the constant markup CES aggregator.

By rearrangement, markup can be rewritten as:

A(i) = ! 1

o[1 + (vA)1/n) [1 _ g }

p(i)—n

which is positively related to individual variety demand but negatively related to variety price
for i € [n¥,nf]. Tt is clear that the intermediate good supply schedule (2% (i) = A (i) LT (i)+#)
is upward sloping, as is A(i). Likewise, an increase in the technology scaling factor (A) or the
technology gradient (¢(7)) reduces the marginal cost more than the price of intermediate goods
leading to higher markups.

Under Condition N (Nonnegative Profit), we then have:

Lemma 6: (Producer Markup Schedule) Under Condition N, the steady-state intermediate good

markup schedule possesses the following properties:

(i) it is upward sloping in ordered varieties (i) within the nontraded range [nf,n’], but is a

constant Ag over the exporting range [0, n”];

(ii) an increase in individual intermediate variety demand or a decrease in the producer price leads

to a higher markup function;
(iii) an increase in the technology scaling factor or the technology gradient leads to a higher markup
function.

4.4 Trade Protection

As a preliminary step towards analyzing trade wars we begin by looking at the effect of trade
protection on the pattern of production and trade, firm markups, aggregate and average technology

as well as overall productivity.
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4.4.1 Effects on the Production Line

We begin by determining the effect of trade protection on the overall length of the production line.
Consider an increase in the North tariff (7*). In response to foreign protection (an increase in 7*),
the X X locus shifts up but the M M locus remains unchanged.? The absence of an effect of North
tariff on the MM locus is seen from (31). A higher North tariff reduces exportable prices, thus
leading to higher domestic demand for exportables. From (30), the aggregate intermediate good
demand by domestic firms increases, as does the X X locus. As a result, the length of production line
expands from M° to M’ and the aggregate intermediate good demand by domestic firms increases,
as shown in Figure 3(b). To decompose the net effect into the intensive and the extensive margins,
we first fix the production length at M?, under which the equilibrium point shifts from E to E”.
This induces an intensive margin effect on aggregate demand as shown in Figure 3(b). There is
also an extensive margin effect, which can been seen from E" to E'.

Domestic protection (an increase in South tariff 7) increases the domestic cost of imported
intermediate inputs ¢, (14 7)p*(7) and hence decreases demand. This causes the M M locus to shift
down (see Figure 3(c)). The increase in the domestic tariff decreases the demand for importables at
any given M (and thus n®, nf). As a result, the X X locus solved by fixed point X = G(M ‘nEJLP)
shifts downward. The shift of the X X locus is always small compared to the shift in the M M locus
as the aggregate channel via X is expected to dominate any individual change via x (7). Therefore,
in this case one expects the net effect of domestic trade protection to increase the length of the
production line from M° to M' and to increase the aggregate intermediate goods X , as seen in
Figure 3(c). Mathematically, the above arguments are ensured by Conditions E and R below.

Specifically, we can differentiate (32) to obtain:

dM p*(M)

AT (1+7)b— y(dX /dM)

which is positive if (1+7)b > ydX /dM. We summarize this condition:
Condition E: (Dominant Extensive Margin Boundary Effect) (1 + 7)b > vdX /dM.

Under Condition E, the extensive margin boundary effect holds true even in general equilibrium
when prices change. In this case, domestic trade protection leads to a longer production line. This
condition is met if the response of X to M is not too large, the degree of substitution between
different varieties of intermediate goods is not too large (low ) and the price gradient is sufficiently
steep (high b). Of course, whether this condition holds is a quantitative issue that we shall address

in the calibration analysis. Using Condition E we are able to obtain a number of useful results.

9Please refer to the Appendix for detailed derivations on the shifts of MM and XX loci.
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Proposition 1: (The Length of the Production Line) Under Conditions S, N, C and E the SSTE
overall length of the production line (M) is increasing in response to either foreign or domestic

trade protection (higher 7* or T).

While the production line becomes longer (Proposition 1), the effect on the net domestic ag-
gregate intermediate demand is generally ambiguous. To sign aggregate demand we impose an
additional sufficient condition (which is consistent with our calibrated economy to be outlined in

the next section):

slope of MM shift of MM

p* (M) . dX

ax X
(1+71)b—y(dX /dM)  dM

Condition R: (Regularity Condition)

T
MM locus MM locus

This is called a regularity condition because it ensures that the net domestic aggregate intermediate
demand is positively related to the length of production line in equilibrium. Intuitively, Condition
R requires that the shift in the X X locus is relatively small compared to the shift in the M M locus.
Under Condition R, we can repeat the same exercise to disentangle the intensive margin effect by
fixing the length of the production line at the original level M°, which is measured by the vertical
distance from E to E” (a negative intensive margin effect). Subtracting this from the (positive)
net domestic aggregate intermediate demand effect yields the extensive margin effect.

Finally, we decompose the net effect of domestic protection. Fix the production length at M9 (see
Figure 3(c)), the equilibrium point shifts from E to E , leading to a lower X. Domestic trade
protection results in a negative intensive margin effect on the aggregate intermediate good demand
by domestic firms. However, there is a positive extensive margin effect because final producers
react to it by shifting from importing intermediate goods at n”” to producing domestically (see the
shift from E” to E).

4.4.2 Effects on Production and Trade Ranges

We next turn to the effects of trade protection on the two cutoffs, , n” and n”’. Let us begin with the
aggregate demand for intermediate goods X. Recall that intermediate goods are Pareto substitutes,
so aggregate demand for intermediate goods has a negative effect on the marginal product of each
variety and hence tends to reduce the price of each variety. When trade protection induces a higher
aggregate demand for intermediate goods as discussed above, this translates into a downward shift

in the PY (i) locus. Other things being equal, both cutoffs expand. Mathematically, we have:

dPP (@) _ 9P"(i) am dPP (i) _ aPF(i) | 9PF(i) dLF(3) P(i) dm <0

oP
P o ar <V & = or 9LP() dr T oM dr

for all i € [n¥ nP).
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Thus, an increase in the foreign tariff 7* reduces domestic price of exportables % and hence
causes the PP (i) locus to shift down. That is, for each variety i € [0,n"], a higher foreign tariff
makes domestic intermediate producers less competitive. The PM(3) locus is clearly unaffected;
while rising foreign tariff has no direct effect on the P (i) locus, Figure 3(b) indicates a higher
domestic aggregate intermediate demand (X ) in response to this tariff increase, thereby inducing
the PY (i) locus to shift down (recall that the aggregate channel via X is expected to dominate
any individual change via z(i)). From Figures 5-2(a), we can see higher foreign tariff would lower
export cutoff point n” if the aggregate demand channel on P (i) were absent (refer to a shift from
E to E"); with rising aggregate demand, however, the cutoff point n” would increase (refer to a
shift from E” to E’). Combining these effects yields an ambiguous outcome in the export cutoff.
From Figures 5-2(b), because the only change is via the P (i) locus, one concludes immediately
that domestic production cutoff n!” increases unambiguously (refer to a shift from E to E’). Note
that the production line is also expanding (as shown in Proposition 1). In sum, while the domestic
production range [0, nt ] expands in response to foreign protection, the export range [0, nE] and the
import range [n”’, M] are generally ambiguous.

Consider next an increase in domestic tariff 7, as depicted in Figures 5-3(a) and (b). It is easily
seen that this leads to higher prices of importables and hence causes the P (i) locus to rotate
upward (a shift from F to E”). Thus, while it does not affect the export cutoff, the import cutoff
is higher, implying that domestic intermediate producers become more competitive as a result of
trade protection. Similar to foreign trade protection, we also have an effect through domestic
aggregate demand for intermediate goods (and again keep in mind that the aggregate channel via
X dominates any individual change via #(i)). This in turn shifts the P (i) locus downward, thus
inducing both the export and the domestic production cutoffs to rise. Combining both channels,
we see that both the export and the domestic production ranges expand, though its effects on the
nontraded and the import ranges remain ambiguous.

Mathematically, the analysis is governed by (33) and (34), where the trade protection effects

on the ranges of exports and domestic production are given by,

dnf _ EdM  dn® _ + o aMm
dr* ‘OM dr*> dr OM dr
dn® _ BnPdﬂ dn? + on® dM
dr* — OM dt*> dr 87’ OM dr

How the export and the import ranges change in response to trade protection thus depends crucially
on the relative magnitudes of the extensive/intensive margin effects and the net aggregate inter-
mediate goods demand effects on the length of the production line and two cutoffs. We summarize

the results in Proposition 2.

Proposition 2: (The Range of Exports, Domestic Production and Imports) Under Conditions S,
N, C and E, the SSTFE pattern of international trade features exporting over the range [0, nE] and
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importing over the range [nP,M] with the range [nE,nP] being nontraded. Moreover, the SSTFE

possesses the following properties
(1) in response to foreign trade protection (higher 7*),

a. the export price P¥(i) and the domestic producer price PT (i) decrease;

b. the range of domestic production [O,nP] expands, but the effects on export and import

ranges, [O,nE] and [nP,M], and on nontraded range, [nE,nP], are ambiguous;

(ii) in response to domestic trade protection (higher ),

a. the import price PM (i) rises whereas the domestic producer price P (i) falls;

b. both the ranges of exports and domestic production, [O,nE] and [O,np], expand, but the
effects on the nontraded and the import ranges, [nE, nP] and [nP, M], remain ambigu-

ous.

Remark 3: (Exogenous Length of the Production Line) When the length of the production line
M is fixed, domestic trade protection decreases aggregate intermediate goods whereas foreign trade
protection increases it (see Figures Al(a) and Al(b) in the Appendix). Domestic trade protection
causes producer prices to increase, thus shrinking the export range (as shown in Figure A2(a)). In
contrast, foreign trade protection decreases export prices and expands the range of domestic produc-
tion (Figure A2(b)). Because the overall length is fixed, the import range (M —n’’) must decrease.
Domestic trade protection raises the overall length and expands the export range, whereas foreign
trade protection causes both the domestic production range and the overall length to increase,

leading to an ambiguous effect on the import range.

4.4.3 Markups, Productivity and Technology

We next turn to consideration of the effect of trade protection on markups. In the domestic
exporting range [0, nE], an intermediate firm’s markup is constant over i. In the nontraded range
i € [n¥,n"], we can see from (35) that markups will respond endogenously to domestic trade policy.
As shown in Proposition 2, in response to a higher foreign or domestic tariff, the domestic producer
price PP (i) falls when the effect via the extensive margin is strong. Moreover, under Condition R,
both types of trade protection tend to raise domestic aggregate intermediate demand X and hence
lower individual variety demand (7). While the fall in variety price tends to raise the markups
received by domestic intermediate good firms, the fall in variety demand tends to reduce them.

Thus, we have:
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Proposition 3: (Markups) Under Conditions S, N, C, E and R, both foreign and domestic trade

protection have ambiguous effect on domestic intermediate firms’ markups in the SSTE.

We now turn to determining how trade protection affects productivity and technology. Consider

the benchmark case where Conditions S, N, C, F and R hold. Define the aggregate technology

?’LP
used by domestic producers as A = / A (i, M) di. Utilizing (21), we can write:
0

A=A /0 ! (i) L(i) di (36)

One the one hand, from Proposition 2, we learn that the range of domestic production [O,nP ]
expands. On the other hand, we also know A(i) is lower for all i because both L¥(i) and L (4)
locus shifts down with higher tariff and X, as can be seen from (22) and (23). With a dominant
extensive margin effect, there is an increase in aggregate technology A. The effect on average
technology ni;, however, is ambiguous. Average productivity, measured by %, will increase due to
the use of more advanced imported intermediate inputs as the overall length of the production line

expands. These results are summarized in the following proposition.

Proposition 4: (Productivity) Under Conditions S, N, C, E and R, both foreign and domestic
trade protection result in average productivity gains and higher aggregate technology of domestic

producers in the SSTE, but its effect on average technology is ambiguous.

This result is interesting because it points out that average productivity and average technol-
ogy do not always move together. This is again a result due to our novel channel of the scale-
scope trade-off: importing higher-end intermediate goods improves aggregate technology, but this
is accompanied by reduced incentive for investing lower-end domestic technologies. In our model,
although the aggregate technology is higher as a result of a stronger extensive margin effect, the

average technology may be lower theoretically.

4.4.4 Taking Stock
In sum, our model features:
(i) a pure extensive margin effect operating through the boundary effect, M,

(ii) a pure intensive margin effect via changes in the three price schedules, namely, P¥ (i), P (4)
and PM (i) loci,

(iii) a net domestic aggregate intermediate demand effect via X that affects both intensive and

extensive margins.
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These three channels pin down the net effects of trade protection.

With unilateral trade protection by the South (higher 7), import prices P (i) rise, whereas
domestic producer prices P (4) fall. As a result of an expanded production line, both export and
domestic production ranges, [0, nE] and [O, n? ], increase. Under a unilateral tariff increase by the
North (higher 7*), the export and domestic producer prices in the South, P¥(i) and P (i), drop.
Again, the expansion of the production line induces a wider range of domestic production [O, n? ],
though its effect on the export range [O,nE] is ambiguous. Because both the production length
the domestic production range expand, the range of imports is ambiguous. Nonetheless, either
type of trade protection leads to higher aggregate technology of domestic producers A and average
productivity Y/ X.

A trade war thus lengthens the production line and the domestic production range in the South.
The effect on the range of exports and imports, its effect on the volumes and the values of exports

and imports remain a quantitative question, to which we now turn.

5 Quantitative Analysis

In this section we calibrate our model and perform several policy experiments.

5.1 Data

For the quantitative analysis, we use the data from Socio-Economic Accounts (SEA) and World
Input-Output Tables (WIOT) in Release 2013 (Timmer et al., 2015).

5.1.1 Grouping of Countries and Industries

Since we consider the trade between the North and the South, we divide all countries (40 countries
and one RoW) into two groups: high-income countries (the North, or N) and low-income countries
(the South, or S) according to the World Bank’s 2002 country income classifications. The grouping
of countries is listed in Table Al in the Appendix. Moreover, we focus on the manufacturing
sector (M) in which we include 14 industries as shown in Table A2 in the Appendix. All the other
industries that are not included are referred to as the non-manufacturing sector (O), which is purely

for the purpose of aggregation in the GRAS algorithm.

5.1.2 Price Deflators

Data in the WIOT are expressed in current dollars and at constant prices of the previous year

(World IO Tables PYP) which are combined to derive the data series from 1995 to 2009 at 1995
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constant prices (in 1995 USD). Such data include gross outputs, value added, and total final demand
by industry and country. This yields the row totals and column totals for the inputs and outputs of
all intermediate goods transactions at 1995 constant prices. To compute each value of intermediate
goods transactions at 1995 prices requires additional work — specifically, we use the Generalized
RAS (GRAS) algorithm to figure out all cells to match row and column totals (see the Appendix
for details). Based on these, we can compute the aggregated WIOT by groups of countries and
industries. Tables A3 and A4 in the Appendix display the converted WIOT at 1995 constant prices
for the years of 1996 and 2006, respectively.

5.1.3 Values and Price Indexes of Intermediate Goods

By aggregating the converted WIOT at 1995 constant prices, we have obtained the real values of
intermediate goods from the North to the South, from the South to the North, and within the
South. That is, for each year, we have the South’s real value of imported intermediate goods from
the North, denoted ImV;, the South’s real value of non-traded intermediate goods production,
denoted DomV;, and the South’s real value of exported intermediate goods to the North, denoted
ExV;, all at 1995 constant prices. The averages of these variables over the years from 1995 to 2009
are summarized in Table 1.

From the two sets of price series, one at current and another at constant 1995 prices, we obtain
all the price deflators of gross outputs and all intermediate goods in the North and the South. We
then calculate the price indexes of intermediate goods ImV;, DomV;, and ExV; by dividing price
deflator associated with each cell of intermediate goods by its corresponding gross output deflator
for each year (i.e., relative prices). Lastly, we take the average of the years from 1995 to 2009 for

the purpose of calibration. Table 2 summarizes these averaged prices.

Table 1: Values of Intermediate Goods

Variable Description

ImVygtq South’s average real value of imported intermediate goods from the North
DomVyqa  South’s average real value of non-traded intermediate goods production

ExViga South’s average real value of exported intermediate goods to the North

Note: All values are at 1995 constant prices of USD
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Table 2: Price Indexes of Intermediate Goods

Variable Description Source

p%t " average price of South’s imported intermediate goods from the North %
pfl)am average price of South’s non-traded intermediate goods %
pgat “ average price of South’s exported intermediate goods to the North %ﬁ%

Note: Im__deflator, Dom _deflator, Ex _deflator are South’s price deflator of imported intermediate
goods, of non-traded intermediate goods, of exported intermediate goods, respectively. S GO deflator

stands for South’s gross output deflator, and N GO _deflator represents North’s gross output deflator.

5.2 Calibration

First we pin down the parameter value that can be directly imputed from data. The unit capital
requirement 7 is imputed by
CAPF,,

= = 0.9663
DomVep + ExVep

Ui

where C'AP,, is South’s aggregate nominal value of the capital compensation in the manufacturing
sector; DomV,, is South’s nominal value of non-traded intermediate goods production, and FzV,,
is South’s nominal value of exported intermediate goods to the North.

Given that we only have limited number of observed moments, we must assign pre-set values
to several model parameters. To begin, we choose standard values in the literature by setting the
market discount rate as 2.5% and the tariff rates in the North and the South as 5% and 15%,
respectively. In the benchmark, we ignore international technology spillover. To be consistent with
Moore’s law, we set the technology obsolescence rate at 0.462.10 In the benchmark, we set the
degree of variety substitution to be v = 0.5. That is, we consider a general quadratic form of final
good production in which intermediate goods are Pareto substitutes. The value of v is so chosen

that Condition S is met and that the markup ratio is in line with the literature.'!

Sensitivity
analysis will be performed for ~ to rise or fall by 50%. We further assume that labor share of
intermediate goods production is 4 times as much as R&D labor share. To satisfy Condition N
under the above preset values of (p, V), we thus set the intermediate goods production labor share as
0.4 and the R&D labor share 0.1. Moreover, we assume the North’s technology scales and gradients

are 25% higher than the counterparts in the South. Finally, to yield nondegenerate ranges of export,

""The law of motion of A(¢) in continous time representation gives dA(t,4) = [Ia(i) — vA(t,4)] dt, where Ta(i) =
[(1 =), (3) + sv; (2)] He(4)". Moore’s law then implies that under I4(¢) = 0, that is, when A(¢,4) = A(0, ) exp(—vt),
it takes ¢ = 18 months such that A(t,7) = $A(0,4).

' The markup ratio in the aggregate economy is often taken as 1.5 (cf. Hsieh and Klenow 2009), whereas at the
industrial level it falls into the range from 1.15 to 2.15 (cf. Blaum, LeLarge and Peters 2018).

26



domestic production and import, we set the foreign technology gradient to be 0.05 (under which
the domestic technology gradient becomes 0.04) and set the intermediate choke price to be twice
as much as the average world price of the intermediate goods (the world price p* can be measured

by (1+7*) pgata according to (11)). We summarize these parameters in Table 3.

Table 3: Imputed and Pre-set Parameters

Category Parameter Description Value
Imputed 7 unit capital requirement 0.9663
Pre-set P market discount rate 0.025

T* foreign tariff 0.05

T tariff 0.15

S international technology spillover 0

v technology obsolescence rate 0.462

degree of intermediate goods substitution 0.5

0 intermediate goods production labor share 0.4

1 R&D labor share 0.1

ﬂ* /b ratio of foreign to domestic technology scales 1.25

o* foreign technology gradient 0.05

0%/6 ratio of foreign to domestic technology gradient 1.25

D intermediate goods choke price 2(1+7*)pk ., = 4.3029

The remaining parameters to be calibrated are the final good productivity «, final production
sophistication parameter (§, unit labor requirement for coordinating production ¢, intermediate
goods price gradient b, and technology scale parameter ). These 5 parameters are calibrated to
fit 4 observed ratios. Specifically, these ratios are obtained from three value variables and three
price variables: ImV, DomV, and EzV (South’s average real import value of intermediate goods
from the North, average real value of non-traded intermediate goods production, and average real
export value of intermediate goods to the North); p™, p¥, and p¥ (average prices of South’s
imported intermediate goods from the North, South’s non-traded intermediate goods, and South’s
exported intermediate goods to the North). Given the value of the wage per employee w that is

imputed from the SEA data, the corresponding expressions of these 6 key variables are given as
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follows:

M
IV (a,6,00.9) = [ (400" ()di
DomV (a, 3, 6,b,7) = /n )dz—i—/n p(i)zt (i)di

E

B(i\di — /0 2L 2P )i,

EaV (o, 8,6,b,7) = /

ImV (aa/Ba(ﬁ?bva)

M b)) = 7
(@800 = e B.ob )
P - _ Domv(a)ﬁvqbub?@)
7lenhidby) = DomQ(a, 5,6,b,5)’
pE(Oé,ﬁ,(b,b,J) - Exv<a,ﬁ,¢,b,¢)

EwQ(a’ /8? d)7 b?@) 7
where the volumes of imports, domestic production and exports are, respectively, ImQ(a, 3, (;5, b E)

[M M (i)di, DomQ(a, B, ¢, b, 0) = [ &P ())di+ [ 2P (i)di, and ExQ(a, 8, 6,b, %) = [ yE(i)di—

E
fon E(4)di. The moments used as the targets for the Cahbratlon are two relative values and two rel—

E J—
DEoerV’ [%:LnVV’ pP, and pP , which are all functions of the five parameters («, 3, ¢, b, ).

ative prices:
Basically, we calibrate ( , B, 0,0, w) by minimizing the distances between model moments and
data moments using quadratic loss function with equal weight under nonnegativity constraints.
The details and the imputed values are reported in the Appendix.

For the data moments, since the values in WIOT are in basic prices for producers and all

international flows are expressed in free-on-board prices, we need to make adjustments to let the
data moments be consistent with their model counterparts. The details of the adjustments are
reported in Table A6 in the Appendix. The calibration results are reported in Table 4 from
which we can see that the fit is reasonable. The minimizing distance algorithm delivers calibrated
parameter values, which are summarized in Table 5.
Three remarks are in order. First, in our benchmark calibrated economy, regularity conditions,
Conditions S, N, and C, are all satisfied and 2¥(0) > 0. Second, 8 —~ > 0, so there is a production
sophistication effect in which a longer production line is more productive. Third, Condition E is
met as well, implying a strong extensive margin effect for the overall length of the production line
to play a dominant role.

In this calibrated benchmark economy, the computed ranges of exports, nontraded intermedi-
ate goods and imports turn out to be: [0,n”] = [0,4.95], [n¥,n”] = [4.95,16.16] and [n”, M| =
[16.16,19.53], respectively. Thus, all trading and production ranges are nondegenerate. The
corresponding quantities and values of intermediate exports and imports are EFz@Q = 0.2313,

Im@Q = 0.5668, ExV = 0.9158, ImV = 1.9188, respectively. The aggregate intermediate goods
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Table 4: Model Fit

Variable Data  Model
Amb0.3622  0.3603
Al 0.1728  0.1719
1.0113  0.9232
1.1001  1.0800

RR <=
w\mwi

Table 5: Calibrated Parameters

Parameter Description Value
Q@ final good productivity 5.11185
I} final production sophistication 4.69010
[0 unit labor requirement for coordinating production 0.33574
b intermediate goods price gradient 0.07567
P technology scale parameter 0.06827

demand and production turn out to be X = 2.0193 and X = fOnE v (i)di + f:; yP(i)di = 1.6838.
Thus, total intermediate trade dependence is about half, i.e., w = 0.474. The aver-
age markup of domestic non-exporting producers is about 36%, so the average markup ratio
nAp = [nFAg+ fg,f A(i)di] /n? = 1.3604 falls in the range obtained in the literature (cf. Hsieh and
Klenow, 2009; and Blaum, LeLarge and Peters, 2018). While aggregate and average technology
used by domestic producers are A = 2.4836 and nip = 0.1536, respectively, the computed final good
output is Y = 11.8612 and the corresponding productivity measure is % = 5.8739. Finally the
total value added in the South is VA = 10.8582 and the value-added ratio is V7~A = 5.3772.12 With
population normalized to one, individual consumption IC' is thus given by,
nP
Ic = c—s—pss:I—KI:VA—n/ y(i)di=VA—nX"
= 10.8582 —0.9663 - 1.6838 = 9.%311,

and the consumption ratio is % = 4.5714, which is a unit free measure of consumer welfare in the

South.

12The computation of value added is described in the Appendix.
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5.3 Policy Experiments

We conduct several policy experiments to examine the impact of trade policy on trade patterns,
output, productivity, and markup. Specifically, we analyze the effects of trade wars by considering
the following two scenarios: (i) a trade war in which 7 increases to 20% and 7* increases to 12%;
(ii) a trade war in which 7 increases to 25% and 7* increases to 25%. The first scenario represents
the situation of the current trade war between the U.S. and China, and the second one represents
an escalation of the trade war.

In the current US-China trade war, under Section 301 of the Trade Act of 1974, the U.S.
has imposed import tariffs of 25% on roughly $250 billion of its imports from China until now.'?
China has also immediately retaliated by increasing tariffs on $110 billion of imports from the U.S.
(tariffs of 25%, 20%, 10%, and 5%). To calculate the trade-weighted average tariffs, we use the
2018 US-China bilateral trade data from the COMTRADE data set of the United Nations at the
6-digit product level of the Harmonized System (HS). We find that the weighted average import
tariff in the US is 11.57% and that in China is 19.05%. Hence, we set 7 = 20% and 7% = 12%
as the first policy experiment of trade wars. These estimates are close to the calculation in Bown
(2019) (19.6% and 12.4%, respectively, see Figure 4 in the paper).'* In addition to the ongoing
trade war, the U.S. president has also threatened to escalate the trade war by putting tariffs on the
remaining $300 billion (tariffs of 25%) Chinese imports that currently don’t have tariffs. If these
threats become actions, China will probably increase its existing tariffs on the U.S. merchandise to
25% in response to this escalation of the trade war. Accordingly, we set 7 = 7% = 25% to represent
this scenario of an escalated trade war.!'®

The results of the experiments are reported in Table 6(a) and (b). From Propositions 1 and
2, we learn that an increase in either tariff under a trade war would lead to a longer production
line M and higher aggregate intermediate goods demand X. Moreover, either also results in an

increase in n¥

. Thus, in our experiments (i) and (ii), the percentage increases in the production
length [0, M] and the domestic production range [O,np ] are large, exceeding 20%. However, in
our trade war experiments, South intermediate firms out-compete North firms, thus resulting in a

larger expansion in domestic production range than the production line. This subsequently leads

3Tt is worth noting that nearly 90% of US imports of intermediate inputs from China were subject to special
protection in the trade war during 2018-2019 (Bown, 2019). It is strikingly different from the conventional wisdom
that governments always avoid applying protection to imports of intermediate inputs, because their domestic firms
need access to cheaper inputs to maintain competitiveness advantages (Bown and Crowley, 2016).

“Bown (2019) presents two series of average applied tariffs: the simple average applied tariff, which is calculated
by weighting equally the applied MFEFN tariff of each of the roughly 5,000 HS6-digit products, and the trade-weighted
average applied tariff, where the weights are the trading partner’s product-level exports to the world.

1"Ossa (2014) estimates that countries would impose tariffs of almost 60% in a fully-escalated trade war. Appling

this to the current US-China trade war, Ossa (2019) suggests that there is still substantial room for escalation.
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to a narrower import range. (Since the increase in n’ is larger than M, the net effect on M — n?
is negative.) From Figures 5-2 and 5-3, the increases in 7 and 7% would generate conflicting effects
on n¥. Our quantitative results suggest that the foreign trade protection effect is stronger than
domestic protection in North imports of intermediate goods. That is, the South export range [0, n¥ ]
shrinks. Quantitatively, both export and import ranges are narrowed by more than 10%. These
extensive margin effects combined with intensive margin and extensive-intensive mixed domestic
aggregate intermediate demand effects generate sizable negative effects on export volume and value
and import volume and value.

It is worth noting that, although imports decrease, a longer production line implies that marginal
imports are embedded with better technologies. As a result, in either scenario of the trade war,
the South gains in average technology used (A/n’) and average final good productivity (Y/X), as
well as in value added (V A) and consumption (IC) ratios, VA/X and IC/X, though these gains

are quantitatively small.

Table 6(a): Policy Experiments — (i) Current Trade War

nP nt M M-nF X XP A ni; nlp Y %
Benchmark 4.9536 16.1648 19.5215 3.3603 2.0193 1.6838 2.4836 0.1536 1.3604 11.8612 5.8739
After trade war 4.3484  20.6955  23.6092 2.9137 2.4785 2.1479 3.3503 0.1619 1.4547 14.8316 5.9841
difference -0.6052 4.5307 4.0840 -0.4466 0.4592 0.4641 0.8667 0.0082 0.0943 2.9704 0.1102
% change -12.2% 28.0% 20.9% -13.3%  22.7% 27.6%  34.9% 5.4% 6.9% 25.0% 1.9%

FEzQ ImQ EzV ImV VA VYA IC %

Benchmark 0.2313  0.5668  0.9158  1.9188 10.8582 5.3771 9.2311 4.5714

After trade war  0.1705  0.5012  0.6357  1.5755 13.8918 5.6049 11.8163 4.7675

difference -0.0607 -0.0657 -0.2801 -0.3433 3.0336  0.2278 2.5851 0.1961

% change -26.3% -11.6% -30.6% -17.9% 27.9% 4.2% 28.0% 4.3%

Next, we see that, in the second scenario of an escalated trade war, all effects are amplified.
There are particularly strong negative effects on exports and export range n, and smaller decreases
in imports and the import range M — n’’. Nevertheless, there are still positive effects on average
technology (ni;), average productivity (%), and value added (VA) due to the expansion of the
production line M. Overall, we can see that the escalated trade war leads to the expansion in
the production line and domestic production range but the shrinkage in export and import ranges.
Thus, as a result of trade war, there is import substitution in intermediate goods with more domestic

production replacing imports. We can also see that the escalated trade war may not hurt the South
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Table 6(b): Policy Experiments — (ii) Escalated Trade War

nP nt M M-nF X XP A nip HLP Y %
Benchmark 4.9536 16.1648 19.5251 3.3603 2.0193 1.6838 2.4836 0.1536 1.3604 11.8612 5.8739
After trade war 0.5903 24.5756 27.3144 2.7388 2.9278 2.4611 4.1218 0.1677 1.5683 17.8293 6.0896
difference -4.3633 8.4108 7.7893 -0.6215 0.9085 0.7773 1.6382 0.0141 0.2079 5.9681 0.2157
% change -88.1% 52.0% 39.9%  -18.5%  45.0% 46.2%  66.0% 9.2% 15.3% 50.3% 3.7%

EzQ ImQ EzV ImV VA VYA IC %

Benchmark 0.2313  0.5668  0.9158  1.9188 10.8582 5.3771 9.2311 4.5714

After trade war ~ 0.0061  0.4729  0.0211 1.3793 16.4711 5.6257 14.0929 4.8134

difference -0.2251  -0.0939 -0.8947 -0.5396 5.6129  0.2486 4.8618  0.2420

% change -97.3%  -16.6% -97.7% -28.1% 51.7% 4.6% 52.7% 5.3%

much because of the expansion in the production line and that goods being imported are all with
superior technology. Therefore, should one remove the extensive margin effect as in the conventional
literature, we would expect a fall in both technology and productivity in the South.

In summary, while trade wars cause both exports and imports to fall, the production line
expands and aggregate technology rise accompanied by a modest increase in average technology
and average productivity due to a switch from scale to scope in intermediate goods usage. As a
result, value-added in the South turns out to be higher despite the detrimental trade effects. Next
we decompose the trade war effects on exports and imports, and then we look into the scale-scope
components through counterfactual analysis to better understand the respective roles of import-

induced technological advancement and domestic technology upgrading.

5.4 Decomposition Analysis

We look at the effects of tariffs on trade by decomposing the effects into extensive and intensive
margins as well as the mixed margin.'® The results are reported in Table 7. First, begin with
exports. A trade war leads to a decrease in exports on the extensive margin due lower n®. This
is the case because the negative effect of 7* on n¥ dominates the positive effect of 7 in our bench-
mark calibration in which the variety substitution between intermediate goods v is 0.5. We will
demonstrate later that trade wars may lead to higher n” if the variety substitution is sufficiently

high. Second, as expected, the intensive margin effect on exports is negative. The increase in

1The mixed margin effects are due to changes in domestic net aggregate demand for intermediate goods, X.
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foreign tariff leads to decreases in the exports of each variety with decreases in the supply (y”(i))
and increases the domestic demand (z¥(7)). Finally, there is also an effect caused by the change
in aggregate intermediate goods demand. Accompanied by a longer production line, the aggregate
intermediate goods demand becomes higher. Since an increase in X will suppress domestic demand
for the exportables, it will raise the exports of each variety given that the supply is not affected.
Note that this effect is a mixture of both extensive and intensive margins, as the increase in X here
is induced by longer production line, while it in turn raises the exports of each variety. In other
words, the detrimental effect of a trade war on exports is dampened by the mixed margin effects
via X. Moreover, from Lemma 1, an increase in aggregate intermediate goods demand by domestic
firms raises price elasticities of intermediate demands for all varieties. This increased responsiveness
therefore magnifies the contribution of the mixed margin in mitigating the trade war damage on
exports by about 78% (= 296.4%/381.2%).

Next look at the change in imports. There is no intensive margin effect because the increase in
the domestic production range n’ is large enough to induce a full shift of the varieties imported to
the South. In other words, the trade war results in a large extensive margin effect so that the South
will import an entirely new range of varieties which embody better technology. The decomposition
analysis indicates that the decrease in exports is mainly attributed to strong intensive margin effects
while modestly offset by the aggregate intermediate goods demand effects. The decrease in imports

is solely from the extensive margin effects because of the absence of the intensive margin.

Table 7: Decomposition — (i) Current Trade War

Source

Total ~ Extensive Mixed (X) Intensive

A ExV —0.2801 —0.0425 0.8300 —1.0676
AImV  —0.3433 —0.3433 0 0
Contribution
Decrease in ExV 100% 15.2% —296.4%  381.2%
Decrease in ImV 100% 100% 0% 0%

5.5 Counterfactual Analysis

Recall that there two channels to improve technology in the South: investing in technology up-
grading by domestic intermediate producers and importing technology embodied in intermediate
imports from the North. We next determine which of the two channels play a more significant role

in mitigating the detrimental effects of a trade war. To do this, we perform two counterfactual

33



exercises: (i) Scenario 1: shut down domestic investment in technology upgrading and (ii) Scenario
2: disable changes in production length and trade ranges, which wipes out technology advancement
via intermediate imports.

We first perform counterfactual scenario 1. In this case, the intermediate production technology
A(7) is not allowed to be adjusted, while other variables are free to change. That is, A(i) stays as

in the benchmark case before a trade war:

AE" (i) = Ay (i) LE° (i)* Vi € [0, nF]

@)= o e
AP (3) = AP LY ()* Vi€ [nf nl)

where the superscript ¢ denotes values before a trade war. Remaining details of the derivations
are described in the Appendix. We then conduct counterfactual scenario 2, where we fix the range
variables {nE .t M } as in the benchmark case but allow for domestic technology upgrading.
Finally, we shut both channels, which removes all the technological factors.

Results are in Table 8. Note that due to the presence of covariance effects between the two
technological factors, the sum of the contributions from counterfactual scenarios 1 and 2 may not
equal the overall contributions. This requires rescaling to produce the relative contributions.

First note that with no domestic investment in technology upgrading and intermediate imports
from the North, the length of production, the ranges of production and trade, and average tech-
nology are all unchanged, remaining at the before-trade war values. However, exports, imports
and their values all change. When we allow technology to change it turns out that intermediate
importing (scenario 2) has a much stronger effect across the board than does domestic investment
in technology upgrading.

Note that, in response to a trade war, domestic intermediate producers have less incentive to
invest in their own lower-end technology because of lower demand by the North and less competi-
tiveness for exporting. That is, a trade war induces a shift from domestic upgrading to technology-
embedded importing. This adds to the dominance of the extensive margin effects, together consti-
tuting a key scale-scope trade-off driving the main results. Because domestic upgrading is purely
from the scale aspect but intermediate importing contains the scope perspective, our decomposi-
tion analysis shows a clear dominance of the contribution of the latter channel toward explaining
changes in trade, average productivity, and value added and consumption ratios. These results
suggest that although the trade war discourages domestic technology upgrading in the South, it
leads to another form of technology upgrading from expanding the production line and climbing
upward along the value chain. Moreover, the scope effects dominate the scale effects in mitigating
the damage of a trade war, suggesting the important role of intermediate goods trade in technology

transfers between the North and the South.
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Table 8: Counterfactual Analysis — (i) Current Trade War

Benchmark: nP nt M M —nFf ni;
before trade war 4.9536 16.1648 19.5251 3.3603 0.1536
after trade war 4.3484  20.6955  23.6092 2.9137 0.1619
trade war effect —0.6052 4.5307 4.0840 —0.4466 0.0082

After trade war w/o tech changes 4.9536 16.1648  19.5251 3.3603  0.1536

Contributions in mitigating trade war —0.6052 4.5307 4.0840 —0.4466 0.0082

1. domestic investment —0.2950 —0.1765 —0.1857 —0.0092 —0.0030
2. production & trade ranges  —0.6052 4.5307 4.0840 —0.4466 0.0092
Share of contributions 100% 100% 100% 100% 100%
1. domestic investment 32.8%  —41%  —4.8% 2.0% —48.9%
2. production & trade ranges 67.2%  104.1%  104.8% 98.0%  148.9%

Benchmark: ExV ImV % V7~A %
before trade war 0.9158 1.9188 5.8739 5.3771 4.5714
after trade war 0.6357 1.5755 5.9841 5.6049 4.7675
trade war effect —0.2801 —0.3433 0.1102 0.2278 0.1961

After trade war w/o tech changes 0.0798 1.4688  5.8702  5.2085  4.4505

Contributions in mitigating trade war 0.5559 0.1067 0.1139 0.3964 0.3170

1. domestic investment —0.1213 0.0042 —0.0116 —0.0666 —0.0527
2. production & trade ranges 0.5722 0.1041 0.1146 0.4066 0.3207
Share of contributions 100% 100% 100% 100% 100%
1. domestic investment —26.9% 39% —-112% —-19.6% —19.7%
2. production & trade ranges 126.9% 96.1% 111.2%  119.6% 119.7%
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5.6 Sensitivity Analysis

In this section, we examine the effects of a trade war in the presence of international technology
spillovers or partial tariff pass through. We then perform a number of robustness checks by changing

the pre-set parameter values.

5.6.1 Technology Spillover

Recall that our model allows for international technology spillover captured by parameter ¢. In the
quantitative exercises above, we have set ¢ = 0 as the benchmark. In Table 9 below, we report the
results assuming technology spillover at ¢ = 0.2. Overall, the changes in the quantitative results

are essentially minor compared to our benchmark.

Table 9: Sensitivity — Technology Spillover ¢ = 0.2
Calibrated parameters: (cv, 3, &, b, 1) = (5.03597, 4.60540, 0.33233, 0.08158, 0.06540)

n¥ nt M M-nFf X XP A Ap Ap Y Y

n n X
Benchmark 4.5275 14.8901 17.9743 3.0842 1.8678 1.5585 2.2898 0.1538 1.3541 10.7505 5.7558
After trade war 3.7307 18.9500 21.6165 2.6665 2.2972 19764 3.0634 0.1617 1.4473 13.4586 5.85H87
difference -0.7967 4.0599 3.6422  -0.4177 0.4294 0.4179 0.7736 0.0079 0.0932 2.7081 0.1029
% change -17.6% 27.3% 20.3% -13.5% 23.0% 26.8% 33.8% 5.1% 6.9% 25.2% 1.8%

ExQ ImQ ExzV  ImV VA % IC %

Benchmark 0.2131  0.5224  0.8444 1.7744 9.8205  5.2579 8.3146  4.4516

After trade war 0.1400 0.4608 0.5231 1.4607 12.5210 5.4505 10.6112 4.6192

difference -0.0731  -0.0616 -0.3212 -0.3136 2.7004  0.1926 2.2966 0.1676

% change -34.3%  -11.8%  -38.0% -17.7% 27.5% 3.7% 27.6% 3.8%

5.6.2 Tariff Pass Through

The benchmark model assumes no pass-through on the producer’s price in the North. Now suppose
that there is partial pass-through which means that the after-trade-war import price in the North

can be specified as
PM" (i) = w(1+ 7 )PP i)

P (i)
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where after-trade-war values are labelled with superscript = and @ is given by

I\ —a
1 *
w:< T > , 0<a< 1.
14 7*

When a = 1, there is no pass-through effect, which is our benchmark case. When a = 0, there is

complete pass-through that fully offsets the increase in tariff. In the exercise below, we assume a
partial pass-through at the rate of 10%, i.e., a = 0.9. Straightforward manipulation implies that
with partial pass-through, the North intermediate producer price (which is the delivered price) is:
p* (i)

P = PYT0) = (14 7)) PP ) = e e

Thus, after the trade war, the export and import prices in the South become:

L+ (14 7m)1-e(1 4 7¢)a’

ey = P p—bi

/

A\ 1—a
pM (i) = 1+)pr@)=>0+7") (111:_*> (p—b-1).

Table 10: Sensitivity — Tariff Pass Through a = 0.9
Calibrated parameters: (cv, 3, &, b, 1) = (5.11185, 4.69010, 0.33574, 0.07567, 0.06827)

nF nt M M-nFf X Xr A Ap % Y Y

n n X
Benchmark 4.9536 16.1648 19.5251 3.3603 2.0193 1.6838 2.4836 0.1536 1.3604 11.8612 5.8739
After trade war  4.8252  20.9890 23.8403 2.8513 2.4816 2.1978 3.4151 0.1627 1.4523 14.8556 5.9862
difference -0.1284 4.8242 4.3152  -0.5090 0.4623 0.5140 0.9316 0.0091 0.0919 2.9944 0.1123
% change -2.6% 29.8% 22.1%  -15.1% 22.9% 30.5% 37.5% 5.9% 6.8% 25.2% 1.9%

ExzQ ImQ ExzV  ImV VA % Ic %

Benchmark 0.2313  0.5668  0.9158  1.9188 10.8582 5.3771 9.2311 4.5714

After trade war  0.2079  0.4918  0.7776  1.5445 14.0888 5.6772 11.9651 4.8214

difference -0.0233  -0.0750 -0.1381 -0.3744 3.2306  0.3001 2.7339  0.2500

% change -10.1%  -132%  -15.1%  -19.5% 29.8% 5.6% 29.6% 5.5%

With partial tariff pass-through, the P¥ (i) schedule rotates upward. This generates a positive
effect on exporting range, thereby offsetting part of the detrimental effects of a trade war on exports.

From Table 10, we see that the effects on all other indicators are negligible.
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5.6.3 Robustness Checks

We have conducted robustness checks with respect to reasonable changes in the technology spillover
parameter (<), technology returns-to-scale parameters (6 and ), technology obsolescence rate (v),
foreign-to-domestic technology gradient ratio (6*/9), as well as the variety substitution parameter
(7). Among all, v turns out to be the only pre-set parameter that results in noticeable changes to
which we now turn to. The full set of the sensitivity analysis results is reported in the Appendix.

In our benchmark calibration with v = 0.5, both scenarios of trade war lead to reductions in
export range (n%) and export quantity and value (FzQ and EzV), due primarily to the negative
effects from the increased 7" dominating the positive effects from the increased 7. In this subsec-
tion, we will demonstrate that the effects of trade war on exports crucially depend on the variety
substitution parameter . Specifically, we recalibrate the model economy using various values of ~
to demonstrate the properties. Within the range of rise or fall by 50%, i.e., v € [0.25,0.75], our
main conclusions remain valid qualitatively, as seen in Table 11.

To understand the results, we compute the degree of production sophistication (8 — 7), which
rises with . Recall from Lemma 2 that a stronger production sophistication effect reduces the price
elasticities of intermediate demands. Because demand becomes less responsive, the detrimental
effect of a trade war on exports is dampened. Other than this effect, all the other effects are

quantitatively small.

Table 11: Effects of Variety Substitution (vy)

v B—=v Anf ant AM AMnP) AExQ AImQ AExV AImV

0.2 20489 -100% 25.5% 13.4% -10.5% -100% -7.2% -100% -9.6%
0.25 2.8565 -22.6% 25.2% 18.4% -14.1% -41.5% -12.3% -44.7% -17.9%
0.5 4.1901 -12.2% 28.0% 20.9% -13.3% -26.3% -11.6% -30.6% -17.9%
0.75  4.9342 -0.6%  30.7%  23.3% -12.5% -7.2% -10.9% -13.0% -18.0%
0.8  4.9552 23% 31.4% 23.9% -12.2% -2.4% -10.6% -8.5% -18.0%

v v P A A A Y VA IC

0.2 2.0489 10.7%  38.8% 35.3% 7.8% 21% 113%  05%  24.7%  12.7%  23.0% 11.1%

0.25 2.8565 22.0% 25.2% 32.0% 5.4% 7%  24.0% 1.7%  25.8% 3.1%  25.9% 3.2%

0.5 4.1901 22.7% 27.6% 34.9% 5.4% 6.9% 25.0% 1.9% 27.9% 42%  28.0% 4.3%

0.75 49342 22.9%  29.9% 37.9% 5.5% 6.4% 255% 21%  29.7% 5.5%  29.6% 5.5%

0.8 49552 22.8%  30.5% 38.6% 5.5% 6.3% 255% 21%  30.0% 5.9%  30.0% 5.8%

One may further inquire: what happens if we change the value of v beyond the +50% range?
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We thus report the cases with v = 0.2 and v = 0.8. Consider the case of v = 0.2, which implies
B —~ = 2.0489. Because intermediate demands become highly responsive, the detrimental effect of
a trade war leads to a corner solution, wiping out South exports entirely. On the contrary, when
v = 0.8 and f — v = 4.9552, we have irresponsive intermediate demands. In this case, a trade
war results in export range expansion. Despite this, both the quantity and the value of exports

decrease.

6 Concluding Remarks

We have constructed a dynamic North-South trade model to show that the effects of a trade
war on the South are mitigated by importing intermediates goods embedded with more advanced
technologies and by upgrading its own technology via domestic R&D. As a result, by shifting from
scale to scope despite sizeable detrimental effects on the volume and the value of trade, a trade war
actually leads to modest increases in average technology and productivity as well as value-added and
consumption ratios. This research points to the importance of considering the dynamic effects of
trading intermediate goods that embody technology as well as domestic investment in intermediate
good technology when it comes to understanding and quantitatively assessing the effects of trade

wars.
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Figure 1. Determination of Intermediate Goods Allocation
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Figure 3. Determination of Length of Production Line
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Figure 3. Determination of Length of Production Line
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Figure 4. Technology Choice and Trade in Intermediate Goods
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Figure 5. Determination of Technology and Trade Pattern
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Appendix

(A Major Portion of the Appendix is Not Intended for Publication)

In the appendix, we provide detailed mathematical derivations, data documentation, as well as

detailed calibration strategies and quantitative results.

Mathematical Appendix

In this Appendix, we provide detailed mathematical derivations of some expressions in the main

text.

Derivation of the first-order condition with respect to the production line (9): Using Leibniz’s rule,

the final good producing firm’s first-order condition with respect to M; can be derived as:

dY; B—x

am, — |¢T T2

ze (M) — ’Y)N(t wy(My) = we + py(My)x (M)
which can then be combined with the last expression of relative demand function to yield (9).

Derivation of the first-order conditions with respect to the two labor demand (14) and (15): The

intermediate firm’s marginal revenue can be derived as:

d[(p(2) — m)ye(4)]
dyt(i)

(o) = 1+ )

= pt(i) —n - ﬁyt(i)
= pu(i) —n — BA(E)Ly(3)°

where p;(7) can be substituted out with (11). Using this expression, we can obtain (14) and (15).
Derivation of the steady-state level of domestic technology (21): Since Va,(i) = Va,,, (i), we can
also use (20) to rewrite (18) as:

(1+ p)wH (i)'
pp(7) ’

which can then be plugged into (19) to obtain:

g ] [

Vi = iE[O,nP]




Using (17) to simplify the above expression, we have:

%

-

0
Manipulating this last expression gives (21).

Derivation of aggregate intermediate goods (30): Using (27)-(28) and (13), we derive:

M E

X = /0 nPZ¢(i)L(i)9+“dz’+ /n | #(i)di - /0 ! 2*(i)di

P M oy .
T T (O a—9X = (1+7)p @) ..
- /0 (i) L(i) “dz+/np — di
g

- 7 n i PZ'OJ““Z'_L
= Af e[ 0)" M di-

_ i 0)
Ap(i) [L26)] " - ¢ ;X_ . 1+T*] di

M 1 n®
(1+7’)/np p*(i)di + 1—1—7*/0 p*(i)di]
af’y)z
=

+ (M +nP —nb),

which can be rearranged to yield the X expression (30).

Derivation of the intermediate good firms’ markups: By using (23) and (25), the maximized profit

function for the intermediate-good firms i € [n®,n’] can be derived as:

m(i) = [ =y X =y — B v (0) [L7 ()] = wL ()1 + (vA) 1] = AG)wN (i)

where the intermediate producer i’s markup is given by (35). For i € [0,n%], we can use (22) and
(25) to obtain:

=

n(i) = {p*(“—n] Ap(i) [L5(0)] " — wIE()[1 + W A)H]

1+ 7*

= Al [20)" ™ | B | - o+ o))

Shifts of XX and MM loci:

AL [ (R)] a0 8 )= 5
X =

M nE
(1 +T)/ p*(i)di + 1+17/0 p*(z‘)dz‘]

L+ 52 (M +nP —nP)
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LP(X,i : L .
where 0 8()? i) < 0. Totally differentiating, we obtain:

aX| 90X OXOM  OX on®  0X on”
dr* x ot OM Ot*  OnF or*  onf Or*

where _ _ _ _
0X 0X 0X 0X

el 7 < el

or* >0, oM >0, onf = 0 on®

indicating that the X X locus shifts upward (gﬁ > 0).

0

VA

a—9X — (1+7)p*(M) = /2(8 — 7)wé

Total differentiation implies

dx| 09X N 90X oM ~0
dr* - O OM Ot*
MM
where _ -
0X 0X oM
AV R
indicating that the M M locus would not shift (gﬁi =0).

) A/nn (i) [LP (f{,i)rﬂt di+ 52 (M +n” —nP) - 5L 1(1 —|—7‘)/nMp*(z')di—|— Hlf*/onEp*(z')dz'

1+/67f,y(M+nE7nP)

OLP (X, : e .
where L a();(ﬂ) < 0. Totally differentiating, we obtain:

dX| 09X  OXOM  0X on®  OX on”
dr Ot OM Or  OnF or  onP Or
XX
where - ~ ~ ~
X 0X 90X 0X
I — << — <<
or <V oY e =" gr S0

a—~X — (L+7)p*(M) = /2(8 — y)wé

Total differentiation implies

dr 9t OM Ot
MM
where _ _
0X 0X
ar <% a7

Thus for 7 to have a positive effect on X (as in our quantitative model), it is required that the
slope of the X X locus is sufficiently steep (though still flatter than the MM locus) and the shift
in the X X locus is relatively small compared to the shift in the M M locus.
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Data, Calibration and Quantitative Results

Grouping of Countries and Industries

See Table A1 for the grouping of countries and Table A2 for the grouping of industries.

Table Al: Country Grouping

Group Country Name Code | Group Country Name  Code
Australia AUS Brazil BRA
Austria AUT Bulgaria BGR
Belgium BEL China CHN
Canada CAN Czech Republic  CZE
Cyprus CYP Estonia EST
Denmark DNK Hungary HUN
Finland FIN India IND
France FRA Indonesia IDN
Germany DEU Latvia LVA
Greece GRC Lithuania LTU
Ireland IRL Mexico MEX
N Ttaly ITA S Poland POL
Japan JAN Romania ROU
Korea, Republic of KOR Russia RUS
Luxembourg LUX Slovak Republic SVK
Malta MLT Turkey TUR
Netherlands NLD Rest of World  RoW
Portugal PRT
Slovenia SVN
Spain ESP
Sweden SWE
Taiwan TWN
United Kingdom  GBR
United States USA
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Table A2: Manufacturing Sector (M)

1. Food, Beverages and Tobacco
2. Textiles and Textile Products
3. Leather, Leather and Footwear
4.  Wood and Products of Wood and Cork
5. Pulp, Paper, Printing and Publishing
6. Coke, Refined Petroleum and Nuclear Fuel
7. Chemicals and Chemical Products
8.  Rubber and Plastics
9. Other Non-Metallic Mineral

10. Basic Metals and Fabricated Metal

11.  Machinery, Nec

12.  Electrical and Optical Equipment

13. Transport Equipment

14.  Manufacturing, Nec; Recycling

Price Deflators

The well-known iterative RAS-procedure can be used to derive each value of intermediate goods
transactions in 1995 prices. However, to deal with negative values frequently shown in the columns
with change in inventories, the Generalized RAS (GRAS) algorithm is used to produce the WIOTSs

" The GRAS procedure keeps running until the sums over cells in each row are very

in pyp.'
close to the exogenously given row totals and the same applies to cells in columns. In other
words, both rows and columns have been scaled up or down by row- and column- specific factors
upon completion of the procedure, and these cell-specific factors can be considered as cell-specific
deflators. We therefore use Temurshoev, Miller, and Bouwmeester’s (2013) GRAS program in
MATLAB to produce the WIOTSs in 1995 prices. Tables A3 and A4 below display the converted

WIOTs at 1995 constant prices for the years of 1996 and 2006, respectively.

1"The method is originally proposed by Junius and Oosterhaven (2003) and modified by Lenzen, Wood, and
Gallego (2007).



Imputation of Exogenous Variable
For exogenous variable w, we impute the value from data by

L rcomp+ H rcomp
w=—= =

L_norm+ H_norm
where L rcomp is the sum of the real values of low-skilled and middle-skilled labor compensation,
and H rcomp represents the real value of high-skilled labor compensation in the WIOD-SEA
dataset. Other details are reported in Table A5.

Table A5: Imputation of Exogenous Variable

Variable  Description Value Note
w Real wage rate at 1995 gross output price level 0.1293 - p1gg5  trillion 1995 USD
x_rcomp Real labor compensation of employees at 1995

gross output price level

x_norm  Normalized number of employees

We have made adjustments for the purpose of normalization. For % norm and w, we set the
North’s average number of employees (which is 62.95 millions people) to be 1. According to this,
the South’s average number of employees is normalized. Then, the South’s real wage rate w is

calculated based on its normalized number of employees.

Adjustments of Data Moments
Table A6: Adjustments of Data Moments

Variable Imputation Value Note
2009
ImV _defl
Phata 1+7) & 2 (—Sf"‘Goijj f?;j;”;t) (14 7) - 0.8190 - prgos
DomV _defl
Phw & 3 (Bt 0.9813 - prosy
t= 199
2009
EzV _defl
Phew % > (coti) 10245 prs
t= 1995
2009
DomVyuia % S>> (DomVy) 2.6295 - p1995 trillion 1995 USD
t=1995
2009
ImViga (14+7)% > (ImV) (1+7)-0.8282 - p1ggs trillion 1995 USD
t=1995
2009
ExViua 1y (ExVp) 0.4544 - p1gos trillion 1995 USD
t=1995

Note: to ensure all endogenous variables to be positive values, we set 1995 price to be 2 (that is, p1gg95 = 2).
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Value Added

The total value added V A consists of the value added of final good production V F, value added
of intermediate goods production VI, total wage income, and total capital income, which can be

computed in the following ways, respectively.

VF = value of final output
—value of intermediate goods that are domestically produced and used — value of imports
—value of coordination cost (final sector wage)

VI = value of intermediate goods that are domestically produced and used + value of exports

—wage cost (intermediate sector wage) — capital cost

Thus, the total value added V' A can be computed as follows:

VA VF 4 VI + total wage income + total capital income

= value of final output + value of exports — value of imports

= Y+ ExV —ImV

Three remarks are in order. First, Y is both the value and the quantity, as final good is the
numeraire with its price normalized. Second, this computation is by regarding capital cost as capital
income, so total value added is equal to total profit income (from final and intermediate sector)
plus total factor income (labor and capital). Third, the capital cost ny(i) is the cost incurred in
intermediate goods production, and the cost has been reflected in the price p(i) — see equation (11)

in the main text.
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Extensive and intensive margins

e Extensive margin effects: through M,n” n® (boundary)

e Intensive margin effects: through 7,7* on 2%, 2™ 4¥ (quantity) and direct effects on prices

e Mixed margin effects: through X (domestic aggregate intermediate demand) on 2%, 2™ ¢F

Recall that

$V /0 1+T*y (Z) 1+7_*$C (Z) 1 /0 1—|—T* Qp() () l ; 1+T*:p (Z) 7

M
ImV = / (1+7)p*(3) 2™ () di

Also note that 2 ( ) >0 and %TJ) > (0. We can thus decompose the pure extensive margin
and the pure intensive margin, in addition to the mixed effect via domestic aggregate intermediate

demand X. Let superscripts © and * denote the values before and after a trade war, respectively.

(i) Exports ExV.

Note that from the policy experiment results (Table 6(a) for the current trade War) export range

shrinks: n® < nf’ and there is a decrease in exports of each variety: z* (i) = y ( ) — P (i) <

yE° (i) — 2E° (i) = 2" (i). The decomposition of the trade war effects on value of exports is thus:

g0

Extensive margin = —/ LZ)O[yEO (1) — 2P (i)]di
nE 1+7*
n *(Z) ’ ”
Mixed margin = —/ P 2P (1) — 2P (0)]di
0 14 7*
a— X(MO)f P*(i),
where 27 (1) is defined as i = Lr
and X (M) is the expression of X X locus (30) evaluated at M°
nEl ’ [ °
Intensive margin = / 1 P ) —[y” ( ) — 2P (i)] — 1p+(210 [yEO (1) — z”’ (1)]di — mixed margin
0 T

P o p (i) g, pr() o] o
= — - d
(ii) Imports ImV
According to the policy experiment results, there is a full shift of the import range: M’ > M9

/
and n” > MO, Therefore, there is neither intensive margin nor mixed margin effect on imports.

Thus, the trade war effects on value of imports is entirely attributed to extensive margin effects.

X



The general form of the decomposition of ExV and ImV is given as follows:

EzV
nEl B ’ ’ ’
/ RO P ) — o ()]di if 0P <P
Extensive margin = ”:E,
O (1) — 2B ()]di if nE® > nP
nEO 14+7*
min{n® nF} s/ / 1z 7 a—'y)N((MO)—ip*(i),
Mixed margin = —/0 1]:_(:_)*, ¥ (i) — 2P (z)} where 2% (i) is defined as F—
and X (M 0) is the expression of XX locus (30) evaluated at M°
min{nEO,nEl} *(; , , * (7
Intensive margin = / P (Z)*, W (i) — 2 (3)] - i (210 [yEO (i) — 2P (7)]di — mixed margin
0 1+7 1+7
min{nEO,nEl} * (7 , * (7 %/ " .
@) g p*(1)  po,. () g ) g
= = - AN d
/ 20 - 0] - [ e ) - 2 e )| a
ImV
M’ , nP’ 0
Extensive margin = / (1+ ) (i) 2™ ()i — / (1 (i) M (i) di
MO P
MO / ! " /
. ' / (1 + 7)p*(4) [mM (i) — 2™ (i)] di  ifnP < MO
Mixed margin = nP’
0 0.W.
" oy 0 IN e
where 2™ (i) is defined as 2=2XM ﬂ);(/HT 0]

MO , o '
[ @ ) = @ @ @ di i < MO

Intensive margin = P! — mixed margin

0 O0.W.

MO 7 !
[, @@ @) - @+ e @i it <o
nP’

0 0.W.



Counterfactual Analysis

This section demonstrates the derivation details of the scenario in which the domestic technology
investment channel is shut down. The other scenario of disabling changes in production length and
trade ranges is straightforward.

When we shut down the domestic investment in technology upgrading channel, intermediate

production technology is not allowed to be adjusted and hence stays in previous steady state level:

A9 = AE°(i) = Ay (i) LE° (i)* Y i € [0, n*]
AP (i) = AY (D)L (i)* Vi e [nE nl]

To solve for relevant variables, we need to rewrite the following equations. The subscript 0 denotes

the solutions in the previous steady state, and subscript noA denotes variables without domestic

technology investment. For i € [n¥ nF],

MPLoa(i) = 947 (i) [L7 ()] {a = n =4 X = (28— )47 (@) [L76)]"}
and the labor demand L ,(i) is solved by M PLy,4(i) = w:
Ay(i) [27 ()] [Lha@)" ™ {a—n=9% = @8- 1)AuG) [L7°0)]" [Lha@)]"} =w.
Thus, we can derive the producer price P (i) as

PnoA(.) =0a— '755 (6 ’Y)AP ( ) [LnoA(‘)]a )

and the export range n” , is solved by PL ,(nE ,) = PP(nE ,):

a- 7)? (/6 ’Y)Alb( noA) [LPO ( noA)}u [LgoA(nEoA)]e = ZLHO:‘)'

Also, the domestic production range nl , is solved by P ,(nP ) = PM(nP ,):

o — ’YX (ﬂ ’Y)Aw ( noA) |:LP0 (nﬁoA)} ' [LﬁoA(nﬁoA)]e = (1 + T)p* (nﬁoA)'

The X X locus in this scenario is

n'rILDoA
[, AP0 [L0,40) di+ 55 (M 40y =l
nod MnoA nEoA
7= |1 +7’)/ p*(3)di + 1+17/0 p*(i)di

P 0A
XnoA =

1+ ,Y (M + nnoA SOA)

X1



and the production length M, is solved from the intersection of X X and M M loci:

o= (4 79 (o) - V3G = 7))

P
oA

. \10 5. o
APO (Z) [L'rIzDoA(z)] di + m(MnoA + ngoA - nﬁoA)

n,

noA Mon nEOA
_ﬁiiv (1+ T)/P p*(i)di + 1+17'*/0 p*(1)di
MnoA

L+ ﬁ(MHOA + nEOA - nrlzjoA)

from which we also solve for domestic aggregate intermediate demand )?m 4. From the above, we

can derive LE , (i), yZ , (i), 2E ,(i), M ,(i) as follows:

LE,() = {A”’(z‘)e [”*(” —n]}llg,

w |1+ 7*
. (U .
y’rLzCoA(Z) = AE (Z)LEOA(Z)Ga
v p*(4)
whall) = 7);”“ —
-7
M /N _ O~ Y XnoA — (1 + T)p*(l)
xnoA(Z) - 5 — .

Finally, we obtain

E

oA E n'EOA E
EanOA = / YnoA (Z)dZ - / xnoA(i)di
0 0

MnoA
ImQpoa = / oM (i) di

P
noA
1 TLEA nEA
EaVpoa — / P* (i) 2 i) di — / p*(8) 2, 4 (i) di
1+7\Jo 0
MnoA
ImVioa = (1+7) / P*(8) & 4 (i) di
TLP

noA
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Sensitivity Analysis

Table A8(a): Sensitivity — 6 = 0.3

Calibrated parameters: (cv, 8, ¢, b, 1) = (4.95677, 4.64342, 0.30315, 0.08358, 0.06764)

n¥ n¥ M M-n¥ X xXP A nip nlp Y %
Benchmark 4.4631 14.2326  17.1905 2.9579 1.7093 1.4321 2.1000 0.1475 1.9255 9.6182  5.6269
After trade war 3.7830 18.2274  20.7305 2.5031 2.1328 1.8580 2.8230 0.1549 2.0441 12.2211 5.7301
difference -0.6800 3.9948 3.5400 -0.4548 0.4235 0.4259 0.7230 0.0073 0.1186 2.6029 0.1032
% change -15.2% 28.1% 20.6% -15.4% 248% 29.7% 34.4% 5.0% 6.2% 27.1% 1.8%
ExQ ImQ EzV ImV VA %“ IC %
Benchmark 0.1967 0.4739 0.7803 1.6246 8.7739 5.1329 7.3900 4.3233
After trade war 0.1363 0.4111 0.5093 1.3164 11.4141 5.3517 9.6187 4.5099
difference -0.0604 -0.0628 -0.2710 -0.3082 2.6402 0.2188 2.2287 0.1866
% change -30.7%  -13.3%  -34.T%  -19.0% 30.1% 4.3%  30.2% 4.3%
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Table A8(b): Sensitivity — 6 = 0.5

Calibrated parameters: (cv, 8, ¢, b, 1) = (5.06749, 4.71304, 0.32615, 0.07692, 0.06636)

n¥ nt M M-nF X XP A nip nip Y %
Benchmark 4.5915 15.8584  19.0964 3.2380 1.9305 1.6168 2.3707 0.1495 0.9603 11.2035 5.8033
After trade war 3.4367 19.9891  22.8720 2.8829 2.3441 1.9808 3.1286 0.1565 1.0296 13.8302 5.9000
difference -1.1548 4.1307 3.7756  -0.3551 0.4136 0.3640 0.7579 0.0070 0.0693 2.6267  0.0967
% change -25.2% 26.0% 19.8% -11.0% 21.4% 225% 32.0% 4.7% 7.2% 23.4% 1.7%
ExzQ ImQ EzV ImV VA % IC %

Benchmark 0.2241 0.5379 0.8881 1.8247 10.2669  5.3181 8.7046  4.5089

After trade war 0.1226 0.4858 0.4592 1.5435 12.7459 5.4374 10.8318 4.6209

difference -0.1016  -0.0520 -0.4289 -0.2812 2.4790  0.1193 2.1272  0.1120

% change 453%  -9.7%  -48.3%  -154%  24.1%  22%  244%  2.5%

Table A9(a): Sensitivity — p = 0.05
Calibrated parameters: (c, 3, ¢, b, ) = (5.09481, 4.60452, 0.33484, 0.07749, 0.06354)
n¥ n? M M-n? X XP A %P nlp Y %
Benchmark 49093 15.6924 18.9568 3.2644 1.9854 1.6591 24300 0.1548 1.6054 11.6062 5.8457
After trade war 4.4733  20.2066 22.9972 2.7905 2.4534 2.1496 3.3217 0.1644 1.7133 14.6209 5.9593
difference -0.4360 4.5142 4.0403 -0.4739 0.4680 0.4905 0.8917 0.0095 0.1078 3.0146 0.1136
% change -8.9% 28.8% 21.3%  -14.5%  23.6% 29.6%  36.7% 6.2% 6.7% 26.0% 1.9%
EzxQ ImQ EzV ImV VA VTJ‘ IC %

Benchmark 0.2286 0.5549 0.9053 1.8834 10.6281 5.3531 9.0249  4.5456

After trade war  0.1811 0.4850 0.6746 1.5262 13.7692 5.6122 11.6921 4.7656

difference -0.0474  -0.0699 -0.2307 -0.3572 3.1411  0.2591 2.6672  0.2200

% change -20.7%  -12.6%  -255%  -19.0% 29.6% 4.8% 29.6% 4.8%
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Table A9(b): Sensitivity — u = 0.15

Calibrated parameters: (cv, 8, ¢, b,¥) = (4.96117, 4.73591, 0.30524, 0.08212, 0.07166)

nP nt M M-n? X XP A nAP nlp Y %
Benchmark 4.2925 14.5778 17.6184 3.0406 1.7179 1.4326 2.1480 0.1473 1.1337 9.6805 5.6353
After trade war 3.1025 18.3577  21.0263 2.6686 2.1039 1.7745 2.8064 0.1529 1.2105 12.0473 5.7261
difference -1.1900 3.7799 3.4080 -0.3720 0.3861 0.3420 0.6584 0.0055 0.0768 2.3668  0.0909
% change 27.7% 25.9% 19.3%  -12.2% 225% 23.9%  30.7% 3.8% 6.8% 24.4% 1.6%
EzQ ImQ EzV ImV VA %‘ IC 5q

Benchmark 0.1987 0.4839 0.7881 1.6540 8.8146 5.1312 7.4303 4.3253

After trade war  0.1030  0.4323  0.3863  1.3898 11.0439 5.2492 9.3291 4.4342

difference -0.0957 -0.0516 -0.4018 -0.2642 2.2293 0.1180 1.8988 0.1088

% change -48.2%  -10.7%  -51.0% -16.0% 25.3% 2.3%  25.6% 2.5%

Table A10(a): Sensitivity — v = 0.396
Calibrated parameters: (cv, 8, ¢, b, 1) = (5.02570, 4.47822, 0.32292, 0.08129, 0.05962)
n¥ nt M M-nF X Xr A ni; nlp Y %
Benchmark 4.4319 14.7208 17.7736 3.0528 1.8475 1.5437 2.2570 0.1533 1.3445 10.5902 5.7321
After trade war 3.6549 18.7947  21.4441 2.6494 2.2778 1.9607 3.0227 0.1608 1.4323 13.2911 5.8351
difference -0.7770 4.0739 3.6705 -0.4034 0.4303 0.4170 0.7656 0.0075 0.0878 2.7009 0.1029
% change -17.5% 27.7% 20.7%  -13.2%  23.3% 27.0%  33.9% 4.9% 6.5% 25.5% 1.8%
ExzQ ImQ EzV ImV VA %A IC %

Benchmark 0.2122  0.5160  0.8418 1.7644 9.6676  5.2327 8.1758  4.4253

After trade war 0.1397 0.4568 0.5224 1.4584 12.3551 5.4241 10.4604 4.5924

difference -0.0725 -0.0592 -0.3194 -0.3060 2.6875 0.1914 2.2846  0.1670

% change -34.2%  -11.5%  -37.9%  -17.3% 27.8% 3.7% 27.9% 3.8%

Note: under v = 0.396, the half life of technology is 21 months (1.75 years).
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Table A10(b): Sensitivity — v = 0.555

Calibrated parameters: (c, 3, ¢, b, ) = (5.01113, 4.45101, 0.31964, 0.08208, 0.08347)

nf n? M M-n? X xP A nAP nlp Y %
Benchmark 4.3507 14.5212 17.5283 3.0070 1.8184 1.5194 2.2210 0.1530 1.3333 10.3792 5.7080
After trade war 3.5466  18.5331 21.1419 2.6089 2.2438 19292 29717 0.1603 1.4197 13.0361 5.8097
difference -0.8041 4.0119 3.6137 -0.3982 0.4255 0.4098 0.7506 0.0074 0.0864 2.6570 0.1018
% change -18.5% 27.6% 20.6% -13.2%  23.4% 27.0% 33.8% 4.8% 6.5% 25.6% 1.8%
EzQ ImQ EzV ImV VA V?A IC <

Benchmark 0.2082 0.5071 0.8259 1.7371 9.4680  5.2069 7.9998 4.3994

After trade war  0.1342  0.4488  0.5020 1.4368 12.1013 5.3931 10.2371 4.5623

difference -0.0740 -0.0583 -0.3239 -0.3002 2.6333 0.1862 2.2373  0.1629

% change -35.5%  -11.5%  -39.2%  -17.3% 27.8% 3.6% 28.0% 3.7%

Note: under v = 0.555, the half life of technology is 15 months (1.25 years).
Table All(a): Sensitivity — % =1.2
Calibrated parameters: (c, 3, ¢, b, %) = (5.05495, 4.67824, 0.33116, 0.07946, 0.06823)
nf n? M M-n? X xP A nAP nlp Y %
Benchmark 4.6847 15.3441 18.5168 3.1727  1.9056 1.5913 2.3490 0.1531 1.3572 11.0263 5.7863
After trade war 3.9226  19.5469  22.2907 2.7438 2.3422 2.0200 3.1480 0.1610 1.4513 13.7976 5.8910
difference -0.7621 4.2029 3.7739  -0.4289 0.4366 0.4287 0.7990 0.0080 0.0941 2.7713 0.1046
% change -16.3% 27.4% 20.4% -13.5% 22.9% 26.9%  34.0% 5.2% 6.9% 25.1% 1.8%
EzQ ImQ EzV ImV VA V7~A IC <

Benchmark 0.2180 0.5323 0.8636 1.8051 10.0848 5.2923 8.5471  4.4853

After trade war  0.1475  0.4696  0.5506 1.4843 12.8639 5.4923 10.9120 4.6589

difference -0.0705 -0.0627 -0.3130 -0.3207 2.7791  0.2001 2.3648 0.1736

% change -32.4%  -11.8%  -362% -17.8% 27.6% 3.8% 27.7% 3.9%
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Table A11(b): Sensitivity — & = 1.3

Calibrated parameters: (cv, 8, ¢, b, 1) = (5.10411, 4.66779, 0.32697, 0.07486, 0.06836)

n¥ nt M M-nF X XP A nip nip Y %
Benchmark 4.9463 16.2162 19.5817 3.3655 2.0039 1.6736 2.4722 0.1524 1.3529 11.7384 5.8579
After trade war  4.3407 20.7939 23.7162 2.9222  2.4630 2.1363 3.3361 0.1604 1.4441 14.6990 5.9680
difference -0.6057 4.5777 4.1345 -0.4432 0.4591 0.4628 0.8639 0.0080 0.0912 2.9606 0.1102
% change -12.2% 28.2% 21.1% -13.2% 22.9% 27.7%  34.9% 5.2% 6.7% 25.2% 1.9%
ExzQ ImQ EzV ImV VA % IC %

Benchmark 0.2306 0.5609 0.9137 1.9058 10.7464 5.3628 9.1292  4.5558

After trade war 0.1700 0.4966 0.6340 1.5674 13.7656 5.5891 11.7013  4.7509

difference -0.0606 -0.0643 -0.2798 -0.3384 3.0192  0.2263 2.5720 0.1951

% change 26.3% -11.5% -30.6% -17.8%  28.1% = 4.2%  282%  4.3%

Table A12(a): Sensitivity — v = 0.25
Calibrated parameters: (c, 3, ¢, b, ) = (5.00641, 3.10647, 0.56187, 0.06834, 0.08310)
n¥ n? M M-n? X XP A %P nlp Y %
Benchmark 5.8084 18.5014 22.3775 3.8762 3.6223 3.0010 3.7369 0.2020 1.3812 20.7755 5.7355
After trade war  4.4978  23.1709  26.5004 3.3295 4.4199 3.7561 4.9330 0.2129 1.4877 25.7707 5.8306
difference -1.3105 4.6695 4.1229 -0.5467 0.7976 0.7551 1.1960 0.0109 0.1065 4.9953  0.0951
% change -22.6% 25.2% 18.4% -14.1% 22.0% 25.2%  32.0% 5.4% 7.7% 24.0% 1.7%
EzxQ ImQ EzV ImV VA VTJ‘ IC %

Benchmark 0.4083 1.0296 1.6132 3.4306 18.9580 5.2337 16.0582 4.4332

After trade war  0.2390 0.9028 0.8925 2.8158 23.8474 5.3954  20.2179 4.5743

difference -0.1693 -0.1268 -0.7207 -0.6148 4.8894 0.1617 4.1597  0.1411

% change -41.5%  -123%  -44.7%  -17.9% 25.8% 3.1% 25.9% 3.2%
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Table A12(b): Sensitivity — v = 0.75

Calibrated parameters: (cv, 8, ¢, b, 1) = (5.24959, 5.68424, 0.26303, 0.07998, 0.06265)

n¥ nt M M-nF X XP A nip nip Y %
Benchmark 4.5310 15.0093  18.0987 3.0894 1.5289 1.2818 2.0401 0.1359 1.3541 9.2795 6.0693
After trade war 4.5054 19.6160 22.3204 2.7043 1.8788 1.6651 2.8129 0.1434 1.4413 11.6416 6.1962
difference -0.0256 4.6067 4.2217  -0.3850 0.3499 0.3832 0.7728 0.0075 0.0872 2.3621  0.1269
% change -0.6% 30.7% 23.3% -125% 22.9% 29.9% 37.9% 5.5% 6.4% 25.5% 2.1%
EzQ ImQ EzV ImV VA ‘%“ IC £

Benchmark 0.1769 0.4240 0.7015 1.4483 8.5327 5.5809 7.2940 4.7707

After trade war 0.1641 0.3779 0.6103 1.1877 11.0642 5.8889 9.4553 5.0325

difference -0.0128 -0.0461 -0.0912 -0.2606 2.5315 0.3080 2.1612 0.2618

% change 72%  -10.9%  -13.0%  -18.0%  29.7%  55% 29.6%  5.5%

Table A12(c): Sensitivity — v = 0.2
Calibrated parameters: (cv, 3, ¢, b, 1) = (4.84405, 2.24887, 0.54850, 0.04736, 0.04801)
n¥ n? M M-n? X XP A %P nlp Y %
Benchmark 1.9265 19.6106 29.5974 9.9868 3.7258 1.3739 2.1845 0.1114 1.1280 20.1867 5.4181
After trade war 0 24.6172 33.5528 8.9355 4.1243 1.9067 2.9562 0.1201 1.1521 22.4580 5.4452
difference -1.9265 5.0067 3.9554 -1.0512 0.3985 0.5328 0.7717 0.0087 0.0242 2.2713  0.0271
% change -100% 25.5% 13.4%  -10.5% 10.7% 38.8%  35.3% 7.8% 2.1% 11.3% 0.5%
EzxQ ImQ EzV ImV VA VTJ‘ IC %

Benchmark 0.0387 2.3906 0.1574 8.5062 11.8380 3.1773 10.5104 2.8210

After trade war 0 2.2177 0 7.6918 14.7662 3.5803 12.9238 3.1335

difference -0.0387 -0.1729 -0.1574 -0.8144 2.9282  0.4030 2.4134  0.3126

% change -100% -7.2% -100% -9.6% 24.7%  12.7% 23.0% 11.1%
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Table A12(d): Sensitivity — v = 0.8

Calibrated parameters: («, 3, ¢, b,a) = (5.28611, 5.75515, 0.25719, 0.08115, 0.06241)

n¥ n¥ M M-n? X XP A ni; nip Y %
Benchmark 4.4235  14.7187 17.7584 3.0397 1.4789 1.2391 1.9816 0.1346 1.3525 9.0532 6.1214
After trade war 4.5232 19.3340 22.0027 2.6688 1.8167 1.6166 2.7467 0.1421 1.4378 11.3593 6.2526
difference 0.0997 4.6153 4.2444  -0.3709 0.3378 0.3776 0.7651 0.0074 0.0853 2.3061 0.1312
% change 2.3% 31.4% 23.9% -12.2% 22.8% 30.5% 38.6% 5.5% 6.3% 25.5% 2.1%
ExQ ImQ ExzV ImV VA V?A IC %
Benchmark 0.1712 0.4110 0.6789 1.4069 8.3252  5.6291 7.1278 4.8196
After trade war 0.1671 0.3673 0.6209 1.1542 10.8260 5.9591 9.2638 5.0992
difference -0.0041 -0.0437 -0.0580 -0.2527 2.5008 0.3299 2.1360 0.2796
% change -24%  -10.6% -8.5% -18.0% 30.0% 5.9%  30.0% 5.8%
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Figure Al. Determination of aggregate intermediate good
usage under exogenous M
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Figure A2. Technology Choice and Trade in Intermediate Goods
under exogenous M
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Figure A2. Technology Choice and Trade in Intermediate Goods
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