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Abstract

This paper studies the role of downward nominal wage rigidity (DNWR) in the negative employ-
ment effects observed in the U.S. regions most exposed to the China shock. We extend a standard
trade model to allow for an upward sloping labor supply and DNWR, and then quantify the ef-
fects of the China shock on unemployment and nonemployment, as well as the associated welfare
implications. The calibrated model generates a significant temporary decline in employment in the
regions most exposed to the China shock, both because of increases in unemployment and because
of exit from the labor force. For the U.S. as a whole there is a spike in unemployment of 2.5% during
2007. Remarkably, welfare increases in all regions, even those that experience unemployment during
the transition. On average across U.S. states, DNWR reduces the gains from the China shock from
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1 Introduction

Autor, Dorn, and Hanson (2013, henceforth referred to as ADH) show that US commuting
zones more exposed to the “China shock” suffered significant increases in unemployment and
exit from the labor force relative to less exposed regions. The workhorse quantitative trade
model cannot explain these labor market phenomena since it assumes full employment and a
perfectly inelastic labor supply curve (see e.g., Costinot and Rodriguez-Clare (2014)). In this
paper we show how adding downward nominal wage rigidity (DNWR) and home employ-
ment allows the quantitative trade model to generate changes in unemployment and nonem-
ployment that match those uncovered by ADH during a transition period. We can then also
investigate the welfare effects of the China shock on the augmented model with DNWR. The
proposed model can be used to study the labor market and welfare consequences of other
shocks such as trade liberalization or the joining of preferential trade agreements.

We start from the standard gravity model of trade with multiple sectors and an input-
output structure. We further assume that there are multiple regions inside the United States,
that there is no labor mobility across regions or countries, and that labor supply is upward
sloping because workers have the option to engage in home production. The way in which
the China shock affects employment here is clear: economies with positive next exports in
sectors experiencing the strongest productivity increases in China (i.e., more exposed to the
China shock) suffer a worsening of their terms of trade, and this leads to a decline in the real
wage and employment as some workers exit the labor force to engage in home production.
Even with a very large elasticity of substitution between home production and work, however,
the model is not able to replicate the strong declines in employment in the U.S. regions most
exposed to the China shock documented by ADH, and of course the model cannot generate
any changes in unemployment.

We then add DNWR as in Schmitt-Grohe and Uribe (2016) so that the wage in each region
can fall by no more than 1 — J each year. The implications of DNWR depend on our assump-
tions regarding monetary policy and the exchange rate system. We assume that all countries
except the United States have flexible exchange rates vis-a-vis the dollar, and that the world

nominal GDP in dollars grows at a constant and exogenous rate which we set equal to one



without loss of generality. A negative terms-of-trade shock implies a contraction in labor de-
mand, and if § is low enough then this leads to a temporary increase in unemployment that
subsequently falls as real wages can adjust downwards. If home production is available to
workers, then DNWR will lead to even bigger declines in employment as more workers prefer
to exit the labor force rather than face the possibility of unemployment.

We quantify these effects using the “exact-hat algebra” approach to counterfactual analysis
popularized by Dekle et al. (2007) and extended to a dynamic context by Caliendo et al. (2019).
This methodology ensures that our model perfectly matches the sector-level input-output and
trade data at the beginning of the period of analysis (year 2000), and makes the calibration
more transparent, as we only need to calibrate the trade elasticity, the elasticity of labor supply
(x), and the parameter governing the importance of DNWR (). We pick the trade elasticity
from the trade literature, and we calibrate x and ¢ so that the model matches two key moments
from ADH, namely the way in which more exposed commuting zones experience increases
in unemployment rates and decreases in labor-force participation rates. As is common in the
literature, we think of the China shock as a productivity improvement that varies across sectors
in China, and we follow Caliendo et al. (2019) in calibrating these sector-level productivity
shocks so that the model-implied changes in US imports from China match those in the data
when projected on the increase in imports from China by other countries similar to the U.S. (in
the spirit of ADH). We do this each year so that we can trace out the dynamic response of the
economy to the China shock as it unfolded over the period of analysis.

Our calibration leads to a value of J that is in the ballpark of the value used by Schmitt-
Grohe and Uribe (2016) and a value of « that is high relative to estimates in the labor literature.
This is not surprising given that this is the only way in which our model is able to generate the
large effects of the China shock on labor-force participation.

The calibrated model generates a significant temporary decline in employment in the re-
gions most exposed to the China shock. For example, we see that Idaho experienced a decline
in employment of up to 8% over the years 2001-2007, but then went back to a level of employ-
ment above the one before the shock. This is the typical dynamic response we see for the most
exposed states, and it arises from the combination of three forces. First, the China shock itself

is not constant but grows in strength starting in 2001, it peaks in 2005, and then becomes neg-



ligible by 2008. Second, a shock that requires a decline in the nominal wage to maintain full
employment will increase unemployment in the short run under a DNWR, but then this unem-
ployment will erode quickly as the nominal wage can fall by more than 3% each year. Third,
the China shock leads to increases in the real wage for all regions, even the ones for which
full employment would require a decline in the nominal wage.! Since the real wage governs
labor supply, and since there is no unemployment in the long run, this implies an increase in
employment after the economy fully adjusts to the China shock.

For the U.S. as a whole, the calibrated model implies that the China shock is responsible
for around 1 percentage points of unemployment in the U.S. in 2005 (this is around a fifth of
total unemployment in the U.S. that year, which was 5.1%). The unemployment generated in
the U.S. from the China shock peaks at 2.5% during 2007 but is back to zero by 2009.

Finally, we study the implications of our model for the welfare effects of the China shock,
and we compare our results to those that occur when we remove the DNWR (i.e., when setting
0 = 0. We compute welfare as the present discounted value of the utility flow in the future,
with a discount rate of 0.97 and a utility flow given by the average real wage across all house-
holds in an economy (employed, unemployed, and in home production). Remarkably, welfare
increases in all regions, even those that experience unemployment during the transition. This
would be true even with a higher discount rate of 0.95. To see how DNWR matters for welfare,
consider again Idaho. If we compute the welfare effect under the same China shock and same
parameters except that we switch off DNWR by setting § = 0 we see that the welfare gain is
0.32% rather than 0.21% in the model with DNWR. This implies that although the China shock
remains good for welfare in the presence of nominal frictions, those benefits are smaller with
these frictions. For the U.S. on average, the DNWR reduces the welfare gain from 0.51% to
0.4%.

The rest of the paper proceeds as follows: Section 2 introduces the general framework

!Here is a simple example of how this can happen. Consider a small open economy and imagine that the
price index of its exports falls while the price index of its imports falls even more. Since the terms of trade have
improved, the real wage and employment would both increase in the absence of nominal frictions. However, the
fact that the price index of its exports has fallen requires the nominal wage to also decline, and if this is higher

than 1 — J and 7y = 1, then there would be temporary unemployment.



that incorporates a rich trade structure with dynamic aspects and nominal rigidities. After
introducing the model, this section also discusses equilibrium and exact hat algebra. Section 3
describes the data that we will use, the calibration of the China shock, the exposure measure
that we will use, and the calibration of parameters 6 and . Section 4 describes our main results

and Section 5 concludes.

2 A Quantitative Trade Model with Nominal Rigidities

We present a multi-sector quantitative trade model with an input-output structure as in
Caliendo and Parro (2015), but extended to allow for multiple periods and downward nominal
wage rigidity. We assume that the United States is composed of multiple regions. Since our
intention here is to focus on the role of nominal rigidities in affecting employment, we assume
that there is no labor mobility across those regions (an extension to allow for such mobility is

left for future work).

2.1 Basic Assumptions

Our presentation of the consumption, production, and trade sides of the model will be
brief, since this is well known. There are M regions in the U.S., plus I — M regions outside of
the U.S. (for a total of I regions). There are S sectors in the economy (indexed by s or k). In each
region (indexed by i or j) and each period a representative consumer devotes all income to ex-
penditure P;;C;;, where C;; and P;; are aggregate consumption and the price index in region j
in period t, respectively. Aggregate consumption is a Cobb-Douglas aggregate of consumption
across the S different sectors with expenditure shares a; ;. As in a multi-sector Armington trade
model, consumption in each sector is a CES aggregate of the consumption of the good of each
of the I regions, with elasticity of substitution o5 > 1 in sector s.

Each region produces good k with a Cobb-Douglas production function using labor and
intermediates with shares ¢, and @¢; s, respectively, with ¢;x + Y ¢;x = 1. Under perfect
competition, given iceberg trade costs 7;;x > 1, assuming that intermediates are aggregated in
the same way as consumption goods, and letting W; ; denote the wage in region i at time ¢, the
price in country j of good k produced by i at time ¢ is Tij,kA;klltWijlk I P7**, where DP; s is the

1,5t 7
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price index of sector s in country 7 at time t and is given by
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In Appendix B we provide some more details on this trade model with an input-output struc-

ture.

2.2 Labor Supply and Downward Nominal Wage Rigidity

We will denote the total population of region i with L; (we assume this doesn’t vary with
time because of the short time ranges we will deal with). In the labor side of the model, house-
holds can either stay at home, or they can work in the market sector. We assume that home
production has a utility flow of y;, while the market option offers a real income of w; ;. We will
denote the amount of people that work in the market sector with ¢;;. There are independent
draws for the individual’s preference to stay home that come from a Frechet distribution with

shape parameter x. Then we know that the share of people deciding to work in the market is
g = i/ Li = wiy/ (W + i) )

In this setup, we have that ex-ante instantaneous utility (before the shock is realized) is

;e o (uf + ‘U;'C,t)l/x-

We will denote the amount of people that are employed in region i at time t by L; ;. In the stan-
dard trade model, labor market clearing requires that the sum of labor used across sectors in a
region be equal to the amount of people that participate in the market sector, L;; = Y5 L;; =
¢; ;. We depart from the standard model and instead follow Schmitt-Grohe and Uribe (2016) by
assuming that there is downward nominal wage rigidity (DNWR), which might lead to an
employment level that is strictly below labor supply,

Liy < ;. 3)

All prices and wages up to now are expressed in U.S. dollars. In contrast, the downward

nominal wage rigidity of a region is in terms of the local currency unit. Letting W-CU denote
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the wage of region i at time ¢ in local currency units, the DNWR takes the following form:
WICU > sWicd 5>,

Denote the exchange rate between the local currency unit of region i and the local currency
unit of region 1 (which is the U.S. dollar) in period t with E;; (this is given in dollars per local
currency units of region 7). This implies that W;; = WiﬁcuEi,t, and hence the DNWR in dollars
entails

E;;

Wiy >
’ Eit1

OWi 1.

Since all regions within the U.S. share the dollar as their local currency unit, then E;; = 1 and
WiI:tCU = W;; Vi < M. This means that the DNWR in states of the U.S. takes the familiar
form W;; > 6W;;_1. For the I — M regions outside of the U.S., the LCU is not the dollar and
so the behavior of the exchange rate will affect how the DNWR affects the real economy. For
our baseline analysis we assume that the exchange rate against the dollar is fully flexible in all
countries outside the U.S. This implies that those countries have no DNWR in terms of dollars.

The DNWR in dollars can then be simply captured by
Wi > 5Wip 1, 5; >0, (4)
with
6;=1Vi<M and 6;=0Vi> M.
Besides equations (3) and (4), we additionally have the complementary slackness condition:
(€it — Lig) (Wip — 0iWip-1) = 0. (5)

Since we know that people in the market sector get the real wage of W;;/ P, ; with probability

L;;/¥;; we can express the real income from working in the market sector as

Wi tLi
). — 7 7 . 6
v Pz’,tgi,t ( )



2.3 Nominal Anchor

So far we have introduced nominal elements to the model (i.e. the DNWR), but we haven't
introduced a nominal anchor that constraints or determines nominal quantities and prevents
nominal wages from rising so much in each period as too make the DNWR always non-
binding. The idea here is that each country has a central bank that is not willing to allow
inflation to be too high, because inflation is costly. In traditional macro models this is usually
implemented via a Taylor rule, where the nominal interest rate reacts to inflation in order to
keep price growth in check. Since our model is stylized and doesn’t incorporate interest rates,
we will use a nominal anchor that tries to capture the same idea in a simple way that lends
itself to quantitative implementation and captures important real world elements.

In particular we will assume a nominal anchor which says that world nominal GDP in

dollars grows at a constant rate across years, i.e.:

I I
Z WiiLiy =y Z Wit—1Lit—1. )
i=1 i=1

This can be interpreted as saying that world aggregate demand in dollars grows at a gross rate
of 7. At first sight this might seem like a weird choice for a nominal anchor, since it wouldn’t
obviously correspond to the monetary policy of any of the countries. Nonetheless it has some
desirable properties, for example it can lead to unemployment even in the context of two coun-
tries that have a single region each, it can be seen as capturing a fixed level of aggregate demand
in the context of a global liquidity trap, it can motivate “currency wars” since countries might
want to manipulate their exchange rate to bring aggregate demand to their home country, and
finally it will lead to particularly nice properties for the solution algorithm that we will use.
This rule can also be seen as indicating that one of the countries (for example the U.S. in our
specification) has a nominal GDP targeting rule where the target is for world GDP instead of
just for U.S. GDP, again this might seem like a strange idea but it makes sense for the reasons

cited above.



2.4 Equilibrium

Letting R; ; ; denote total revenues in sector s of country i, noting that the demand of indus-
try k of country j of intermediates from sector s is ¢; xR .+, and allowing for exogenous deficits

as in Dekle et al. (2007), the equilibrium in market for sector s in country i can be written as

1st Z/\z]st<0‘]s ]tL]t+D]t +Z‘P]skR]kt> (8)

where:
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are sector-k trade shares in period t. Labor market clearing in each region requires that:
S
WitLis = Y ¢isRiss (10)
s=1

Given last-period wages {W;;_1} and last period labors {L;; 1}, the period ¢ equilibrium is
a set of wages {W;,}, labors {L;;}, trade shares {A;;,}, sector-country prices indices {P;s;},
and revenues {R;;} such that equations (1) - (10) hold. Taking into account that all countries
outside of the U.S. have full employment because of their flexible exchange rate policy, then

the equilibrium system in each period t is described by the following equations:

I
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I I
Y WisLip =) Wit1Lis-1, single
i=1 i=1

together with the definition of P;; as the price index of a Cobb-Douglas utility function com-

posed of the price indices in all sectors P; , ,

S
P,; = constant - [ | P{%.
s=1
If 6 is low enough or the exchange rate can depreciate (e.g., 5; = 0) then wages can

adjust downwards in the required magnitude without causing unemployment, while if +y is
high enough then again there would be no unemployment, since no downward adjustment is
needed in the wage. However, there are combinations of parameters §; and -y that will lead
to unemployment after the shock, although there would then be a decline in unemployment
towards zero as the DNWR and the nominal anchor allow for adjustment year after year.

We clarify that having multiple regions is not critical for the shock to lead to unemploy-
ment given the particular form of our nominal anchor. To see this, imagine that the U.S. was
composed of a single region and consider a shock that required a decline in the U.S. wage rel-
ative to the rest of the countries, for example, this could be a negative productivity shock in
the U.S. If v was high enough then the adjustment could take place without unemployment in
the U.S. since wages in dollars in the rest of the world could increase enough to generate the
necessary relative wage adjustment. However, if y is low and ¢ is high, this full adjustment
would not be possible and there would be (temporary) unemployment in the U.S.

With multiple regions in the U.S. we could also have unemployment with the more natural

nominal anchor rule that simply said that

M M
Y WisLiy =Y Wis1Lis1.

Imagine that there was a shock that affected only one of the regions in the U.S., requiring that
the wage in that region fall relative to the wages of the other regions. With a low enough y and
a high enough 4, this cannot take place, and so there would be (temporary) unemployment
after the shock. We want the regional heterogeneity to be able to study the differential impact
of shocks across areas. Additionally, in a “monetary union” with a common exchange rate, the
response heterogeneity is coming only from the differential impact of the shocks, and not from

differential responses to it via monetary policy.
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2.5 Hat Algebra

Our goal is to use a calibrated version of the model above to compute the welfare effects of
a trade shock or the closing of a country’s trade deficit. We want to do this using actual data for
U.S. states as well as outside countries, but without having to calibrate technology levels and
iceberg trade costs along the transition and without requiring data on nominal wages or avail-
able labor (since this would require taking a stance on what efficiency units we are measuring
things in). To do so, we follow the exact hat algebra methodology of Dekle et al. (2007) and
the extension of that methodology to dynamic settings proposed in Caliendo et al. (2019). Our
counterfactual exercises then, only require data on nominal GDDP, Y;; = W;,L;;, trade deficits,
D;;, revenues, R;; s, the fraction of workers in the market sector 71, and trade shares A;;5; at
time zero, t = tp, whatever shocks we are interested in, and the model’s parameters, namely J,
v, 6, {ast, {¢is}, and {¢; s }-

We will use the variable £; to denote x;/x;_; for any variable x. To express the equilibrium
system in hats and only leave it in terms of observable data in period zero (when we assume the
economy was in a steady state where every country had full employment) we follow a process

described in Appendix C. There we show that the equilibrium system in hats is given by:

I
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together with the equation for aggregate prices:

For each period t this is a system of equations which we can use to solve for the quantities
that we care about (the Wi,t and i'i,t for all 7) given the objects that we already know from the
previous period (Y;;—1, Aijst—1, Dit—1, Risi—1, Ti¢—1, and {E,-,r}i;i for all i, j,s) and the time ¢
shocks (Ai,s,tr Di,t and Tjj s ¢ for all i, j,s). Thus, starting at t = 1 we can solve this system with
information on Yj, Ajjs0, Dio, Riso, 7o and ¢, for all i, j, s and the shocks (Ti,s,ll Dz’,l and Tjjs 1
forall i, j, s) and obtain Wi,l and i,-,l for all 7, from these we can also obtain Y; 1, Ajjs1, Di1, Ris1,
m;1 and ¢;1 for all i, j,s. Then we can move forward to period 2 and solve for Wi,z and iilz for
all i. We can keep doing this process to solve the system forward while requiring only period
zero information and the shocks hitting the economy.

Besides being interested in employment effects, we are also interested in the welfare effects
of the China shock. With our current setup we can express the change in instantaneous utility
as:

A s N 1/x
Bip = (1 — T+ 7Ti,t—1(Wi,tLi,t/(Pi,tgi,t))K) /
this expression will be important when we compute welfare. We will combine this expression
for instantaneous utility with a standard lifetime utility function which is time-separable with

discount factor B.

3 Data and Calibration

3.1 Data Description

We use trade and production data for 50 U.S. states, 36 additional countries, and an aggre-
gate rest of the World region, for a total of 87 regions. We consider 13 sectors, of which, the
tirst 12 are manufacturing sectors classified according to the North American Industry Classi-
tication System (NAICS). The last sector puts together all service sectors. We provide a brief
description of the data here and relegate the details to the Appendix A.

12



The international country-level data for all 13 sectors comes from the World Input-Output
Database (WIOD). We follow Caliendo et al. (2019) to construct the bilateral manufacturing
trade flows between U.S. states for 2000 by combining WIOD and the 2002 Commodity Flow
Survey (CFS). To do this, we first compute the bilateral expenditure shares across regions and
sectors from the 2002 CFS. Next, we assign the total U.S. domestic sales from WIOD according
to the bilateral shares calculated in the first step. This way, the bilateral trade flows matrix for
the 50 U.S. states would match the total U.S. domestic sales from WIOD in each sector.

We use U.S. Census data to compute the sector-level bilateral trade flows between U.S.
states and other countries for the 12 manufacturing sectors. While the U.S. Census data on
sector-by-state-by-country bilateral trade starts in 2008, we use this year to project our bilateral
trade matrix for 2000. In particular, we assume that the importance of each state in the total
exports (imports) to (from) other countries in each sector remains constant at the 2008 levels.
We provide more details on this in Appendix A.2.

Finally, we use information on region-level production and consumption in services to-
gether with bilateral distances to construct a matrix of bilateral trade flows in services consis-
tent with a gravity structure. The details of this procedure are explained in Appendix A.1.4.

The trade elasticity o is assumed to be constant across sectors and it takes the value of 6,
consistent with the trade literature. For inter-temporal comparisons, when computing welfare,

we use a discount factor § of 0.97 (at the annual level).

3.2 Calibration of the China Shock

We calibrate Chinese productivity changes to match the predicted changes in import val-
ues from China to the U.S,, as in Caliendo et al. (2019) or Galle et al. (2017). By “predicted”
we mean that we do not use the actual changes in import values from China to the U.S., but
the values we would predict for those variables by regressing them on the changes in import
values from China to other eight high income countries. These eight high income countries are

the same ones used in ADH.2

20r, to be accurate, we use the subset of these countries available in the 2013 version of the WIOD, namely
Australia, Germany, Denmark, Spain, Finland, and Japan. New Zealand and Switzerland are included in the

“other country” category of ADH but are not included in WIOD.
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We need to calibrate AChina,s,t fors =1,..,12and t = 2001, ..., 2007; these are 84 parameters.
Calibrating these 84 parameters individually would add too much noise, so we decompose
AChina,s,t as B;FL;. Essentially, we decompose the total productivity shock in sector s and time
t into a component coming from a sectoral productivity increase that is constant from 2000
to 2007 and a component coming from a time productivity increase that is constant across
sectors. This means we have to estimate only 19 parameters instead of 84. In order to do this
estimation we proceed in two steps. We first pick Bs for the 12 manufacturing sectors to match
the predicted changes in imports from China by sector. We then obtain these predicted values

from the following regression:

A M%IOSO,7C;2000 — :B A M(Z)Og,7c—/52000 + €.
This is a regression with 12 data points, but it still has a very high R?.> We pick the B; to match
these predicted changes in a two period model without wage rigidity (since there are only two
periods there is a single change in imports and that is what we match). Once we have obtained
the B; we proceed to obtain the Fi’s. We do so to match the predicted changes in total (across

manufacturing sectors) imports across years. These changes are obtained from the following

regression:
AMUS,C,t = a+ bAMOC,C,t + &;.

This is a regression with just seven data points but, surprisingly, it still has a high R%. Now, in
a model with eight periods (2000-2007) we choose the F;’s such that the productivity changes
in China are AChina,s,t = B,F;. This formula delivers a change in total (across manufacturing

sectors) imports from China given by the ones obtained from the previous regression.

3.3 Exposure to China

We use a model-consistent measure of exposure to China that is analogous to the one

proposed by ADH. We define:

S 2007
VA, 52000 D5p00Mc—o0ther,s

s=1 VAi,ZOOO Yus,s,zooo

Exposure; =

7

3We do not include a constant in this regression because it can lead to certain sectors needing to import a (gross)

negative amount from China, which is impossible.
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where VA; ¢ 2000 is the value added of state i in sector s in year 2000. This value can be taken
directly from the U.S. Bureau of Economic Analysis (BEA). Y5 s 2000 is total U.S. production in
sector s in year 2000, which is taken directly from the WIOD Database. Finally, A3% Mc_oper s
is the change in imports from China to other high-income countries from 2000 to 2007 in sector
s. This is taken from WIOD directly as well.*

The main difference between our empirical exposure measure and the one in ADH is the
use of value added shares instead of employment shares as weights. However, this is inter-
nally consistent with our model for two reasons. The first one is that since labor is the only
factor of production, the value added is equal to the contribution of labor. This means that

VAis2000 = Wiso000Lis2000- Second, since workers are mobile across sectors we have that

i52000 __ VAis2000
,5,2000 VA; 52000

. . L
Wis000 = WipoooVs. These points together imply that ; Moreover, we re-
normalize our exposure measure to have the same mean as the measure in ADH for compara-

bility purposes.

3.4 Calibration of DNWR and Labor Supply Elasticity

Parameters § (governing the amount of downward nominal wage rigidity), x (governing
labor supply choice), and <y (governing the nominal anchor), will be important in our model.
Parameters v and 6 however, are somewhat redundant, since what matters is their relative
values. Hence, we will assume that -y is 1, and put the burden of adjustment on §, similarly to
Schmitt-Grohe and Uribe (2016).

We want to choose simultaneously ¢ and « to match the empirical estimates obtained in
ADH regarding the effects of exposure to China on both unemployment and labor force par-
ticipation. ADH find a 0.221 increase in unemployment and a 0.553 decrease in labor force
participation (during the 2000-2007 period) for each additional $1000 of exposure to China. In-
tuitively, we can imagine that § governs the amount of unemployment generated by exposure
to China for a given x. Hence, by increasing § we can increase the effect of exposure to China
on unemployment. Similarly, we can imagine that x governs the fall in the labor force gener-

ated by exposure to China for a given é. Hence, by increasing x we can increase the effect of

“Here we focus again on the other six countries available in WIOD.
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exposure to China on labor force participation.’

By following this calibration process we obtain the values 6 = 0.967 and x = 9.2. Our
estimate for ¢ falls squarely in the range advocated by Schmitt-Grohe and Uribe (2016) who
use an annual J of 0.96 (after “normalizing” 7y to one like we do). This estimate implies that
wages can fall up to 3.3% annually (or 0.8% quarterly) without generating unemployment. Our
estimate of x might be a little higher than “typical” estimates of this type of parameter, but this
is difficult to assess since our model is different from any others.

In Figure 1 we provide some illustration of how the identification of § and x works. In
panel (a) of that figure we do a scatterplot of the increase in unemployment against the expo-
sure to China for the calibrated level of x = 9.2 and for different levels of 5. We can see that
bigger é’s lead to a bigger slope in the regression of unemployment on exposure to China (the
coefficient is reported in the legend for convenience). For the calibrated parameter value of
6 = 0.967 the coefficient obtained in the regression is 0.22, which is the intended target that we
obtained from ADH. Similarly, in panel (b) of Figure 1 we do a scatterplot of the decrease in
labor force participation against the exposure to China for the calibrated level of § = 0.967 and
for different levels of x. We can see that bigger «’s lead to a bigger slope in the regression of
labor force participation on exposure to China (the coefficients are also reported in the legend).
For the calibrated parameter value of x = 9.2 the coefficient obtained in the regression is 0.55,

which is the intended target that we obtained from ADH.

4 China Shock and Unemployment

Now that we have introduced the general model with rigidities, the data that we use, and
the calibration that we have done, we will apply the model to study the China shock and the
effects that this shock had across different states of the U.S. With our model we can obtain
the reaction of wages, labor, nominal income, real income, prices, employment, labor force

participation, etc., for all the 87 regions. The effects of exposure to China on employment for

5This intuition only works to a first approximation, since in reality both 6 and « affect both coefficients. But it is
undeniable that J has a stronger effect on the unemployment effect while x has a stronger effect on the labor force

participation effect.
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Increase in unemployment vs exposure to China for different deltas and kappa=9.2

O Delta=0.9645, Coefficient=0.1483

O Delta=0.9650, Coefficient=0.1553

O Delta=0.9655, Coafficient=0.1654

O Delta=0.9660, Coefficient=0.1766 R _—

Delta=D 9665, Coefficient=0.1944 -
Delta=0 9670, Coefficient=0.2221 -
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(a) Identification of ¢

Decrease in labor force participation vs exposure to China for different kappas and delta=0.967
6

Decrease in Labor Force Participation

Kappa=8.2000, Coefficient=0.4370
Kappa=8.5333, Coefficient=0.4628
Kappa=8.8667, Coefficient=0.4970
Kappa=9.2000, Coefficient=0.5547
Kappa=9.5333, Coefficient=0.6026
Kappa=9.8667, Coefficient=0.6416
Kappa=10.2000, Coefficient=0.6690
1 1 1 | | )

0 1 2 3 4 5 6
Exposure to China

0000

(b) Identification of x

Figure 1: Illustration of the Identification
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our calibrated parameters have already been illustrated in Figure 1.
Notice that the way we measure unemployment and labor force participation, which are

the target variables in our identification, is as averages of the 2006-2008 values. We do this

in order to be consistent with ADH. However, we have more information about the whole

time path of unemployment and labor force participation. In Figure 2 we plot three variables

related to the labor market. The leftmost panel plots the cumulative changes in employment

over population (this is given as a ratio so that 1 means no change and 1.01 means a cumulative

increase of 1%). This variable starts at 1 in the first period (which corresponds to 2001), falls

up to 7% in 2007 and subsequently recovers to finish roughly 2% higher. In the middle panel

we plot the time path for the cumulative changes (in ratios) in labor force participation over

population. This variable falls up to roughly 5% in 2007 before recovering to end up roughly

2% higher. Finally, in the rightmost panel we plot the time path for the cumulative changes

(in ratios) in employment over labor force participation. This variable falls up to 2.5% (corre-
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Figure 2: Time paths of different employment related variables
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sponding to unemployment of 2.5%) in 2007 before recovering to its original value. Notice that
all unemployment generated by the China shock eventually disappears eventually, since the
DNWR allows for more adjustment to occur each year and eventually the shock stops hitting
the economy. We actually view this as a positive aspect of the model, since believing the China
shock had permanent unemployment effects is hard to square with the historically low level of
unemployment that we are observing currently.

Now we turn to the behavior of welfare. In Figure 3 we provide a scatter plot of the
percentage change in welfare across US states against exposure to China. The figure illustrates
the fact that states that are more exposed to China see a smaller welfare increase. This is due to
the fact that more exposed states see a bigger fall in their terms of trade, more unemployment,
and a bigger fall in labor force participation.

However, it is important to notice that in our model absolutely all states gain from the

China shock. This is true even though we match the employment effects captured in ADH,

Welfare change in percent vs exposure to China across US states
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Figure 3: Welfare against Chinese exposure for calibrated ¢
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which typically have been interpreted as implying that the China shock had negative overall
(welfare) effects. The reason why all states gain is that they also consume the goods where
China had a productivity increase, so they see a fall in their consumer prices which pushes
welfare up. This positive effect on welfare is counteracted by the unemployment generated by
the China shock, which affects more exposed states disproportionately. We can also plot a map
of welfare across states, to get a sense of which states gained or lost more from the China shock.

This is done in Figure 4

Welfare

(1.1.25]
(.75.1]
(.5..75]
(.25.5]
[0.-25]

Figure 4: Welfare map across U.S. states for calibrated parameters

5 Conclusion

In this paper we build a Neo-Keynesian model of trade to capture the fact that unem-
ployment can be possible after trade shocks due to nominal rigidities. Our model combines
the richness in the trade structure of international trade models (several regions and sectors)
with the rich dynamic structure and nominal rigidities of open economy macro models. The
nominal rigidity, which is a downwardly rigid nominal wage, can generate unemployment if
nominal demand is not growing sufficiently fast, captured in the model by having nominal

demand grow at a constant rate.
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We apply this model to quantify the effects of the China shock across states in the United
States, with a realistic calibration, but several simplifying assumptions. We find that the China
shock is responsible of up to 2.5 percentage points of U.S. unemployment, but this can go as
high as 4 percentage points for the states affected the most. Regarding welfare we find that
on aggregate the welfare increase in the U.S. with nominal rigidities, 41 basis points, is about
80% of the one that would occur without rigidities (51 basis points). Importantly, the effect is
still positive (even though it could be negative if nominal rigidities were even higher) and we
can disaggregate it across regions to show which states suffered the most from the China shock

through high unemployment.
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Appendix

A Data Construction

In this appendix, we provide details on the construction of the data we briefly described
in Section 3.1. We divide this appendix into two parts. In the first part, we discuss how we
combine different data sources to compute an internally consistent bilateral trade-flow matrix
for all sectors for the years after 2008 (which is the period when Census data is available). In
the second part, we discuss how we use the previous step to construct a bilateral trade-flows
matrix for 2000. We explain this last step in more detail in Appendix A.2. Throughout this

section we refer to the sector k exports of region i to region j as Xjj .

A.1 Construction of Bilateral Trade Flows Between Regions

The final objective is to construct a bilateral trade-flows matrix with entries X;; x. For now,
let us focus on the years after 2008 (when the state-by-sector trade data from Census is avail-

able). We construct the matrix of X;; ; in four steps explained below.

A.1.1 Step 1: Bilateral Trade between Countries

In the first step we focus on the case where both i and j are countries. Thus, we simply take
Xijk = XiVJVkIOD , where XZV}(IOD are the bilateral trade flows that come directly from the WIOD
database without any further calculations.

A.1.2 Step 2: Manufacturing Trade between U.S. States and Countries

For the second step, we combine Census and WIOD data to calculate the trade flows be-
tween each of the 50 US states and the other 37 country regions. We scale state-level imports
and exports data from Census to match the U.S. totals in WIOD. More precisely, the exports
(imports) of state i to (from) country j in manufacturing sector k is computed as a proportion
of WIOD’s US export (imports) to (from) country j in sector k. This proportion is computed

using Census data as the exports (imports) of state i to (from) j in sector k relative to the total
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US exports (imports) to (from) j in sector k.

Mathematically, let Xfﬁfsus be the bilateral trade flows between regions i and j, in sector k,

according to the Census database. Define the share of exports of US State i in sector k as:

census
ngzsus — ijk
ij, - census *
] Eheus Xh]',k

Define also the share of imports of State j in sector k as:

census
£COSHS = Xijk
— 4
1], ZIGUS Xicle,lr{zsus

thenVk =1, ...,12:
ecensus YWIOD /i o ]S, Vj e us

x.. = Gk Siusk
ijk =
yeewsusxWIOD i e us, vj ¢ Us

A.1.3 Step 3: Manufacturing Trade among U.S. States

In the third step we focus on manufacturing bilateral trade between U.S. States. For this,
we combine WIOD Data for the total trade of the USA with itself, and the closest Commodity
Flow Survey (CFS) for each year. Similarly to the previous explanation, the export of state i
to state j in manufacturing sector k is computed as a share of WIOD’s US trade with itself in
sector k, where the share is what state i exports to j in sector k represent in sector k total trade
according to CFS.

Mathematically, define Xgis as the bilateral trade flows between state i and state j, in
manufacturing sector k, according to the CFS. We first construct:

XCFS
CFS _ ij k . .
Xt = ————o V(z celUS, &je LIS) Vk=1,..,12,
e XSS

then X, = x5 X005, V(i € US, &je US), Vk=1,.,12.
A.14 Step 4: Trade in Services

We compute bilateral trade flows for services k = 13 using a Gravity Structure that matches

WIOD totals for trade in services between countries (including USA).
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As inputs we need total expenditures in services for each region (X;), as well as total
production in services (Y;). For the case of countries we take this directly from WIOD. For the
case of U.S. states we take these variables from the Regional Economic Accounts of the Bureau
of Economic Analysis. We scale the state-level services GDP and expenditures such that they
aggregate to the USA totals in WIOD. Finally, we also require to compute bilateral distances.
We describe how to construct these distances below. Since this step focuses only on the services
sector (k = 13), we remove the subscript k for a more compact notation.

Theory. Start with the gravity equation:

—&
Wi'T;j
Xij = (T,) Xj,

_ €
where P]._S =) (wﬂ'i]-) ‘. But Y Xij = Yi and hence Y (T) X; = Y. This implies
w; “IL° =Y, where [, =} ; Ti;SP]?Xj. Hence we have:

—&

T
Xij = ——Y;X; = %11 1P Y;X;,
(ILi7;)
where 15]- = P]._S and IT; = I1; %, and T;j = 7;; *. Imagine that we have Xj; for some country pairs.

In particular, imagine that for i € S; we know Xij. Then:

Pi=Y #I17;+ Y 5117
zéS zeS

=) Gl Y+ ) X ILBY XY,

1%5 ZES
1 1
=Y I+ ) X1]P]X]
z%S zeS

Let S = {j|i € S;}, then:

=Y &P ' X+ ), &P ' X = ) %P X+ ), Xylhy;
jESt jest jESt jest

so the system is now:

P o= Y I+ ) XPX

iZS; i€S;
1, = Zrl] X+ Y X Iy
JES; JEST
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Letting

Xs,j = Y Xij, Aj=1- Xs,i/ X, Xigr = Y Xij, A=1- Xis: /Y,

then:
AP = L I
iS5
j#5;
The full system is:

P = Y mllly; jeus
1

ﬁi = Zfijﬁj_lxj ieus
j

APo= Y HITYY; jeus
iZS

ML =) 5P X; i ¢ US
i#S;

Define P; = (Py,..., Psp)’ for the states, P, = (Psy, ..., Ps7)’ for the countries. Similarly for
I, IT;,A., and A¥. Define A = (1150, Ac, 11x37,AY)’. Define S = (Ps, P,,TI;,T1.)’, and with
some abuse of notation S~! = (P;l,Pcfl,H;l,H;l)/. Define (¢Y).,, (¢Y),., (¢Y) o/ (¢X)4e
(¢X),., (¢X),, as follows:

¢5151Y51 o (PSkSlYSk
(¢Y)ss = . ’
4)515kY51 U ¢SkSkYSk

and the others are defined analogously. The full system can be written as:

0 0 (¢Y) (@Y)g

AoS = 0 0 (9Y)es 0 .57
(9X)ss (9X)g 0 0
(¢X), O 0 0
or as:
AoS=B-57},



where o is the element-by-element product and B is the big matrix. Given {X]} and {Y;} and
{Ti;} (more on the computation of 7; below) , we can get {P;} and {I1;}. Then we compute

{Xij} from

Xij fijﬁglziflyixj.
Computation of the bilateral resistance 7;;. To get 7;;, we proceed simply by setting
T = 1/dist (ij) -

To calculate dist (ij) we follow the same procedure using in the GeoDist dataset of CEPII in
order to calculate international (and intranational) bilateral trade distances. “The basic idea,
inspired by Head and Mayer (2002), is to calculate distance between two countries based on
bilateral distances between the biggest cities of those two countries, those inter-city distances
being weighted by the share of the city in the overall country’s population.” We use population
(for 2010) and coordinates data for all US counties (as the cities in this exercise). Coordinates
are important to calculate the physical bilateral distances in kms between each county r in state

i and county s in state j (d,s Vr € i, s € jand Vi,j =1,...,50), and define dist (ij) as:

1/6
sy popr Pops \ .6
dist (if) = (2 ) (—) (—) d ) ,
reisej \POPi popj ) "

where popj, is the population of country/state h. In the current calculation we set § = —1.

A.2 Projection of Bilateral Trade Flows between Regions to year 2000

The Bilateral Trade Flows between regions for 2000 cannot be computed the same way as
it was done for 2008, since the Census dataset used begins in 2008. Therefore, the computa-
tion method is adapted to take into account this issue; values that used Census data will be
calculated using the 2008 trade flows matrix and the 2000 WIOD dataset.

First, the part of the method regarding the calculation of trade flows between countries,
and trade between states remains the same, with the exception of changing the year of interest
of the WIOD and CFS databases used to 2000 (the nearest CFS dataset is 2002). Furthermore,
an adjustment is made in the computation of trade between states in sector 13; the same occurs

with the trade flows between states and countries. Those amounts will be calculated using a
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proportionality method that assumes the share of specific trade flow in total US exports or im-
ports to or from a country remains mostly constant in time, an assumption that is later checked
and discussed.

Specifically, the trade amounts between states regarding services (state i exports to state j)
are computed as a share of 2000 WIOD’s US trade with itself in sector 13, where the share is
what state i exports to state j represent in total US sector 13-bilateral trade in 2008 trade matrix.
Similarly, state i exports to country j in sector k are calculated as a share of 2000 WIOD’s US
exports to j in sector k, where the share is what state i 2008 exports to country j represent in the
total US sector k-exports to j in 2008 trade matrix. Analogously, state j imports from country iin
sector k are calculated as a share of 2000 WIOD’s US imports from i in sector k, where the share
is what state j 2008 imports from country i represent in the total US sector k-imports from i in
2008 trade matrix. These modifications to the initial method allows obtaining the 2000 trade
matrix between regions. Hereby, “Base” will refer to the 2008 Trade Matrix.

A.2.1 Trade between U.S. States and countries

Define the share of exports of US State i in sector k, going to country j as:
Base

Base _ ijk ; ;
Vi = o ope Vi€ US,j¢&US.
! Yheus Xifi

Similarly, only for j € US define the share of imports of State j in sector k, coming from country

ias:

B.z}cse
Base — 1, : .
et =—""—— VigUS,je US.
1 ,k B 7 ]
7 Zleus Xilf;cse

Define Vkk =1, ...,13:

el Xy Vi# US, VjeUus
Xijx = ' '

X (sSSP Yieus, vj ¢ Uus

A.2.2 Trade between U.S. States

First construct:
XBase
ij,13

m V(Z € US, &] € US),

Xij13 =
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and then define:

Xij13 = xij13 - X(jsis1s V(i € US, & j € US).

30



B Input-Output Loop

Here we expand a little bit on the way the Input-Output loop works. There are I regions
and S sectors, and to produce output in each region and sector firms need to combine labor
with all the sectoral aggregates (the version of them available in that country). That is, the

production function in region i. sector s, and time ¢ is given by

P, Pik
Yi,S,t l s, tL lst H Ml ]lcsstl

where M;; is the amount of the aggregate sector k good used for production in sector s in
country i at time £, ¢; ¢ is the labor share in region i, sector s, ¢; s is the share of inputs that
sector s uses from sector k in country i, and we know that 1 — ¢;; = Z,le ¢i ks- We also know
that the aggregate price in region i, sector s is given, according to the Armington assumption,

by the CES aggregator

1 s _ 1—o0;
stt ZP]zst
=1

Additionally, due to the Cobb-Douglas assumption in production and the fact that firms are in
perfect competition, we know that the price of the good in sector s produced in region i and

consumed in that same country is
i i,
Pijst = A, S, tW(P s H Pz kljfs
The price of the good in sector s produced in region i but consumed in region j is given by

szst Tl]StPZISt

Combining the last three equations we obtain:
I 1—0g
1—0; —1 Pjs Piks
pi,s,t :_Z Tjis,t ]stW HP],kt ’
j=1
which, for each time period ¢, is a system of I X S equations in I x S unknowns that can be used
to solve for the P;5;’s given the trade costs (75 +'s), technologies (A; ;’s), wages (W ;’s), labor
shares (¢; s's) and input output coefficients (¢ xs), note that we don’t allow the labor shares and

input output coefficients to vary with time.
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This system of I x S equations in I x S unknowns is well behaved and can be solved using
contraction mapping techniques, where you start with a guess for the I x S prices (denoted

PI; ), and obtain a new guess (denoted PE; ;) as follows:

I 1—0; ﬁ
/S (P S
PEi,S,i’ - Z <T]l S tA] s, tW(P] H PI],ljckt )
j=1
We iterate until the difference between PE and PI is very small and this provides a solution to
the system. This is a similar method to the one followed in Caliendo and Parro (2015)

We know that the share of total expenditure in region i, sector s, at time ¢ that is used in

goods coming from region j is given by

— 1—0c 5 1 1a7Pis i ks —0s
et (pjilsj)l - Do = <T]l’5t st Vi ITi- 1P]kt)
Jst = P; oy 1—0s )
ot P ; I 4) ks s
is Y1 7i,s, b Y., 1(T”15tArstW¢rSHk 1Pr]r(t)

Additionally, we know that the amount demanded for the good of region i and sector s is given
by
zst 2/\1]51? 7,5,t7

where Z;; denotes total expenditure in region i in the sector s composite. We know, from

Cobb-Douglas preferences and technology that

S
Zisy = ajs(Yji+Djy) + kZ:l PjskRjk ts

where Y;; is income in region i at time ¢, which is just given by W;L;; (as always D;; are the

deficits). Combining the previous two equations we obtain:

zst = Z/\zjst(‘x]s ]tLt+D]t +Z¢]sk ],kt>

which, for each time period t, is a linear system of I x S equations in I x S unknowns that can be
used to solve for the R;; ;’s given the trade shares (A;; s +’s), Cobb-Douglas shares («;s’s), wages
(W;’s), labor quantities (L;;’s), deficits (D;’s), and input output coefficients (¢; s). Since this
is a linear system in the R’s, it is relatively easy to solve. Of this total demand (R;;), which is

also total production, we know that a fraction ¢; ; is payed to labor, so we can write:
WitLise = @isRisp
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S
Wi,tLi,t = Z‘Pi,sRi,s,tr
s=1

which will be needed as an equilibrium condition.
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C Hat Algebra

The equations defining the trade shares

1,8,

i1 (s A W TL Bl %

r,s,t

(T At WH TL P )

Aijkt =

by multiplying, dividing, and using the definition of the A's, can easily be express in hats as:

(sz (Pz sk\1—oy
P (Tl],ktAzktW HSstt)
ijkt — I . ) A W4’r,k Pq)r sk\1 -0 )
Zr:1 r],k,t—l(Tr],k,t rkt' 't I 7,5,t )

Given the definition of the trade shares, the equations for prices:

I

1—0;
1—0s _ Pjs ‘Pks
stta_z<r]15tA]stW] HP]l](t> ’

j=1

cannot be simplified much, so we simply express it in terms of hats as:

1—0;

Al—os 47]5 (P]ks

stifS ZA]ZSf 1<T]15tA]stW],t HP],kt :
j=1 k=1

The system for revenues:

S
zst = 2/\1]51? (“]s ]tL t+D +Z¢j,skRj,k,t>/
k=1

can be expressed as:

I S
RisiRise—1 = Y Aijsidijsi (“j,s(mlj,tLj,th,tl +DjDjs 1)+ ) ¢j,skRj,k,tRj,k,t—1> :
=1 k=1

The labor market clearing condition:

thzt = Z(PIS i,5,tr

also cannot be simplified much, so we leave it as:

Wi,tLi,tYi,t—l - Z‘st 1st 1
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Similarly, the equation:

sztht 'YZth 1,

can be expressed as:

I I
Z WitLitYig—1 ="y 2 Yii1,
i=1 i=1
Now we turn to the equations in the downward nominal wage rigidity bloc. The equation

Wi > 6;W;;_1 is easily turn into hats as:
Wi > 6;

While the equations for labor can be reworked as follows:

Liy < 4y
Lit L1 Lia Ly < Cir lip 1 lin .
T . o o l, —_ - . e e 1,
Liv—1Li;—2 Lo Cir1liv—n  Lig
LitLit—q...LirLip < lilip—1...Li1big
<

t t
LiolILig < Gio]Tlig
q=1 q=1

Since we assume that in period zero the economy was in a steady state where every country

had full employment we know that L; y = ¢; so we finally obtain:
t t
H Lig = H big
g=1

Next we turn the labor force participation equation into hats starting from the definition of 7; ;:

K K
Tt Wit / Wit1
Tit—1 W+ Wiy Wiy

-
K
R Wit
K K
! ur Wit1 Wiy
K K K K K
w0 ptw g Wiy

~NK
Wit

1= 71 + 71 @7,

Noticing that 7;; = @i,t (because L; is fixed across time), and using the definition of w;; in
equation (6) we obtain the following hat equation:

2, = (WisLis/ (Pilis
it = yS—
1— 71+ i1 (WL

A

2

)
1/ (Dl )"
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With this we have all the hat equations that we need. Recall that in our setup we can express

instantaneous utility as:

1/ _
Ujp X (VK + w;'ft) ‘= (w:'ft/”i,t)l/K = wi,t”z‘,tl/K'

The change in utility can then be expressed as:

~ —1/x
wk
N ~n oa—1/x N it ~x \1/%
Ujp = WiTt " = Wiy AK = (1 — Tt + ﬂi,t—lwit)
v 1 =71 + i3, ’
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D Modifying the Data to Fit a New Set of Alphas

From our data on bilateral trade flows, labor shares, and input-output coefficients we can
back out a set of Cobb-Douglas parameters which are the «;,’s. There are certain situations
where we might want to change these a’s. One reason that we might want to do this is because
the original a’s implied by our data might be negative, which is not ideal. Another reason
might be that we want to equalize the a’s between all regions of the United States or all regions
of the World (as done in Caliendo et al. (2019)).

Imagine that we know the new set of alphas that we want to obtain, and we want to re-
cover the data (bilateral trade flows) that is compatible with these new alphas. The equilibrium
system to obtain the data for the new alphas is the following (notice that we are basically ap-

plying the system without the DNWR and with ¢ = 1):

A

Ri,s,tRi,s,t—l -

I
=

S
. A .
AijstMijst—1 (Déj,s(Wj,th,t—1 +Djy1)+ Y, <Pj,skRj,k,tRj,k,t1>
1 k=1
1—o0
2Pk 7S pPisk k
<I/vi,tZ 1Ts=1 Pl )

1,5t

Nigr =
jikt 1—0
I A ek 1S AP, sk k
Yo—1Mrjjt—1 <Wr,t [T B )
. I (P S ¢ 170’)(
pl—or B A7Pik HPi,sk
Pj,k,t - ZAIJ,k,f—l Wi,t HP it
i=1 s=1
) S

WirYiee1 = ) disRisiRise
s=1

I I
Y WY1 = Y Y
i=1 i=1

In this system the R;_1, A;_1, &/, Y;_1, D;_1’s are all data, and the W, P, R and A’s are the

outcomes. From these outcomes we can construct the new bilateral trade flow matrix.
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