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BROAD MOTIVATION

o Global sourcing decisions are important for firm performance,
employment and welfare

e Firms source multiple inputs from multiple countries

e Extensive margins (firms, products) account for most of the
cross-country variation in U.S. imports and exports

o Extensive margins of exporting are much better understood than
extensive margins of importing

@ Yet two-thirds of world trade is intermediate inputs

e Potential for importers’ decisions to be key determinant of trade
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2007 IMPORTER SALES PREMIA BY NUMBER OF

SOURCE COUNTRIES

Premium
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» Premia2002 » Premia with product controls

CONCLUSION
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COUNTRY RANK BY IMPORTERS VS. TOTAL IMPORTS

9 11 13
1 1 1

Rank by Imports
7
1

Rank by No. of Firms
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CHALLENGES FOR A MULTI-INPUT, MULTI-COUNTRY
MODEL OF GLOBAL SOURCING

Export models generally assume constant marginal costs

Importing inputs naturally affects the marginal cost of the firm

Import entry decisions are thus interdependent across markets

Interdependencies across markets complicate the firm’s decision

e Which countries should a firm invest in importing from?
e From which particular country should each input be bought?

e How much of each input should be purchased?
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MAIN CONTRIBUTIONS

@ Develop a quantifiable multi-country sourcing model
o closed-form solution for intensive margin of sourcing
e characterization of firms’ extensive margin sourcing decisions
e countries differ along two dimensions

o includes models by Eaton and Kortum (2002) and Chaney (2008)
as special cases

@ Provide estimates of country sourcing potential and fixed costs

o new application of iterative algorithm from Jia (2008)
e role of distance and language in fixed costs

e Study effects of shocks to global sourcing

e changes to aggregate trade patterns
o heterogeneous impact across firm size distribution
o distinction between net and gross changes in sourcing / employment
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RELATED LITERATURE
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Amiti and Konings (2007), Halpern, Koren, and Szeidl (2011), De
Loecker, Goldberg, Khandelwal, and Pavcnik (2012), Gopinath and
Neiman (2013), Amiti, Itskhoki, and Konings (2013), Garetto
(2013)

Multi-country sourcing

Head, Ries, Jing (2010); Blaum, Lelarge, and Peters (2013, 2014);
Bernard, Moxnes, Ulltveit-Moe (2014)

e Firm-level interdependencies in MP and/or exporting
Tintelnot (2014), Morales, Sheu, and Zahler (2014), Yeaple (2003)
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Model
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INTRODUCTION MODEL EvID
ENVIRONMENT

J countries

Measure of L; consumers / workers

Dixit-Stiglitz preferences over manufacturing varieties, elasticity of
substitution o > 1 (later introduce non-manufacturing sector)

Final good sector producing these varieties:
o Measure N; of heterogeneous firms (pinned down by free entry)
e Non-tradable final output
e Monopolistic competition

o Intermediate good sector
o Each firm uses a unit measure of (firm-specific) intermediate inputs
o Trade cost 7;; to import from country j by country ¢
e Perfect competition = Marginal-cost pricing of inputs
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PrRODUCTION TECHNOLOGY

e Final good requires the assembly of a bundle of
intermediates

e Marginal cost of final good producer, ¢:

1
. 1 _
¢ ({J (U)}}J:o»@) =5 /(Tz’j(v)aj(v) (0, ) wj)' " dv

0

e Productivity 1/a; (v, ¢) for a given location j drawn from
Fréchet distribution:

Pr(a; (v,) > a) = e_Tjae, with T > 0.

o Country-specific fixed cost of offshoring w; f;;

1/(1-p)
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FIRM’S PROBLEM

e Firm chooses:

o Sourcing strategy J; (¢) C {1,..., J}
o Source country j(v) € J; (¢) for each intermediate v

e Price of final good

@ Sourcing strategy thus determines set of countries from which firm
can buy inputs

o For all other countries j ¢ J; (¢), it is as if a; (v, ¢) = +o0

11 /36
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FIRM BEHAVIOR CONDITIONAL ON SOURCING
STRATEGY

e Share of intermediate input purchases sourced from any country j:

(rgw) ™
6 (0) = 2GR it e g

@ Sourcing capability:

0i(p)= > Ti(rwwi)™’

keTi(¢)

e Marginal cost:
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OPTIMAL SOURCING STRATEGY

@ General profit function:

J
max ¢ (¢, {I;; € {0, 1}3]:1})1_031' —w; Zlijfij

J
Ii;e{0,1};_4 j=1

CONCLUSION



INTRODUCTION MODEL EVIDENCE ESTIMATION COUNTERFACTUAL

OPTIMAL SOURCING STRATEGY

e With cost function plugged in:
(o—1)/0

J
-1 —6
max ¢’ 5 Li;T; (1i5w;)
Iij€{071}j:1 Z 19+ "™

J
By —w; Yy Iijfi
=1

=1

CONCLUSION
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OPTIMAL SOURCING STRATEGY

7 (o—1)/6 g
max 77 ¥y 1Ty (rijwy) B —w; Y _ Lijfij
L;je{0,1}5_4 j=1 Jj=1
J 0
e Profits are supermodular in ¢ and ) I;;T; (1i;w;)
j=1

e Proposition: The solution I;; (¢) € {0, 1};;1 to the optimal
sourcing problem is such that a firm’s sourcing capability

J
Oi(p)= > Lij(p)T; (Tijw]’)i‘g is nondecreasing in ¢
j=1

e Implications for size distribution of firms
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OPTIMAL SOURCING STRATEGY

y (o-1)/8

J
max "' [y Y 1Ty (rigw;) ™’ B —w; Y _ Lijfij
L;je{0,1}5_4 j=1 Jj=1

e Complements case: ”Tfl >1

@ Substitutes case: 07—1 <1



NTRODUCTION MODEL EVIDENC ESTIMATION COUNTERFACTUAI

OPTIMAL SOURCING STRATEGY

7 (o—1)/6

J
max "' [y Y 1Ty (rigw;) ™’ B —w; Y _ Lijfij
L;je{0,1}5_4 j=1 Jj=1

e Complements case: ”Tfl >1

e Proposition: Whenever (o — 1) /6 > 1, the solution
L (¢) € {0, 1}3.]:1 to the optimal sourcing problem satisfies
Ji(¢r) C TJi (pm) for og > ¢, where
Ji(p) = {7+ Lij (p) = 1}.

e Hierarchies in the complements case
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INTRODUCTION MODEL EVIDENCH ESTIMATION COUNTERFACTUAI CONCLUSION

INDUSTRY AND GENERAL EQUILIBRIUM

Consumers spend constant share  on manufacturing sector.

Workers are perfectly mobile across sectors (other sector pins
down wage level)

o Industry Equilibrium is characterized by:

o Fixed point for the market potential, B;
e Free entry condition

Proposition: Given a positive wage vector, solution for B; and N;
is unique

14 / 36
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GRAVITY

@ Special case 1: Universal importing

o Aggregate trade flows as in Eaton and Kortum (2002)
o Extensive effect margin at the product level

o General case

e Extensive margin effect at product and firm level
o Third market effects

CONCLUSION

e Special case 2: Independent entry decisions ((c —1)/0 =1 and

core efficiency Pareto)

o Aggregate trade flows as in Chaney (2008)
e Extensive margin effect at product and firm level

» Universal Importing » Independent Entry Decisions



INTRODUCTION MODEI EVIDENCE ESTIMATION COUNTERFACTUAI

BRIEF DISCUSSION OF ASSUMPTIONS

@ Model has many moving pieces
e QI1: Wouldn’t it be simpler to have a single-input model?

e Q2: Wouldn’t it be simpler to adopt an Armington model?

CONCLUSION



INTRODUCTION MODEI EVIDENCE ESTIMATION COUNTERFACTUAL CONCLI

MULTIPLE COUNTRIES AND INPUTS

o Count of distinct source locations and products imported by a firm

Mean Std. Dev. 25th Ptile Median 95th Ptile

Country Count  3.26 5.09 1 2 11
Product Count 11.91 48.89 1 3 41

o Although extreme, the continuum of inputs assumption helps a lot
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CoOuUNTRIES PER PrRODUCT

e Number of countries per HS10 products imported by a firm

Firm Level
Mean Median Max

Mean 1.11 1.00 1.61
Median  1.03 1.00 1.00
95%tile  1.78 1.00 4.00

e Not much evidence of differentiation by country of origin
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DATA

@ 2007 data from the U.S. Census Bureau

e Economic Censuses
e Import transactions data

e Sample is all manufacturing firms (around 250,000 firms)
e Include firms with non-manufacturing activity
o 23% of employment and 38% of sales
o 65% of (non-mining) imports
e A quarter of these firms imports

@ Structural Estimation

o Limit analysis to countries with 200+ U.S. importers
e 64 countries and the U.S.
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RoAD MAP FOR ESTIMATION

e Step 1: Back out sourcing potential from firm-level input shares

o Recovered from country fixed effects in normalized share regressions

e Step 2: Estimate demand elasticity and productivity dispersion

e Project fixed effect on human-capital adjusted labor cost

e Step 3: Estimate fixed costs of sourcing, , and residual demand

o Simulated method of moments 4+ Jia’s (2008) algorithm

21 /36
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STEP 1: ESTIMATE COUNTRY SOURCING POTENTIAL

@ Define country potential &; = T} (Tijwj)_e

i . T (riw;) "¢ () O
e Normalize firm share from j: Xij /X5 = ’(Tg,f]) / TZ(TZ)?)
1

K3

o Log-Linearize: log x;; —log xz; = log&; + €

o Estimate via OLS

22/
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CONCLUSION

SOURCING POTENTIAL VERSUS NUMBER OF FIRMS

Log of Number of Importers

6

12
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8
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T T T T
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Log of Estimated Sourcing Potential
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STEP 2: ESTIMATE ELASTICITY OF DEMAND AND
DISPERSION OF PRODUCTIVITIES

e Estimate elasticity of demand using model’s predicted mark-up
e Median manufacturing firm’s mark-up is 1.35
e Implies 0 = 3.85
e Project log éj =1T; (Tijwj)_e on country variables
o Wages (human capital adjusted)
e Country controls for technology and controls for bilateral trade
frictions
e Instrument using population

log fj =B, log R&D; + B log capital; + Bccontrol corruption,
+ B log no of firms — 0 log w;
-0 (log Be + Balog distance;; + language; ; log 51) + ¢

24 /36



INTRODUCTION MODEI

STEP 2B: ESTIMATE DISPERSION OF PRODUCTIVITIES

EVIDENCE

ESTIMATION

CoOUN RFACTUAI

log & log aggregate import
OLS v v OLS v v
HC adjusted wage -0.51FFF L2,01%FF -1, 71+ -0.55 -4.50%*%  -4.56**
(0.18) (0.72) (0.68) (0.39) (1.79) (1.92)
log distance -0.34% -0.83%F  -0.57FF | -1.03FF -2.32%Fk 1 73R
(0.19)  (0.35)  (0.28) | (0.41)  (0.86)  (0.79)
common language 0.26 0.20 0.19 0.44 0.27 0.48
(0.21)  (0.31)  (0.28) | (0.46)  (0.76)  (0.78)
log R&D 0.40%F%  Q.52%FF  (.54%F% | Q71K 1,02%FF  1.30%FF
0.05)  (0.09)  (0.13) | (0.10)  (0.21)  (0.36)
log KL -0.17 0.61 0.44 -0.30 1.76* 1.64
(0.17)  (043)  (0.38) | (0.38)  (1.07)  (1.05)
Control of corruption 0.11 0.70%* 0.59* 0.31 1.86%* 1.82%*
(0.15)  (0.34)  (0.31) | (0.33)  (0.85)  (0.86)
log no. of firms -0.01 -0.37
(0.14) (0.39)
Constant -3.60%**  -6.60%** -5 QTHIK | 12.22%HF 4.32 6.98
(089)  (1.87)  (1.55) | (1.96)  (4.61)  (4.35)
Observations 58 58 56 58 58 56

CONCLUSION

o

36
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IMPLICATIONS OF FIRST TWO STEPS

@ Sourcing from all countries, relative to only domestic sourcing

e 7-10 percent lower input costs
e 24-32 percent larger sales

@ Robust result: “T_l > 1

o Complements case from model
e Increasing differences of the profit function in the sourcing set

26 / 36
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STEP 3: ESTIMATE FIXED COSTS AND RESIDUAL
DEMAND

o Fix the shape parameter of Pareto distribution x = 4.5
Estimate 5 parameters via Simulated Method of Moments

o Firm-country-specific fixed costs (distance, lang, cons, disp)
e Residual demand

@ Use 67 moments

e Share of importing firms
e Share of firms that sources from each country

o Share of firms sourcing less than 50" percentile from the U.S.

Solve firm’s problem
o 255 or about 10'? possible choices

e Exploit complementarities in profit function
o Build on algorithm in Jia (2008)

27 /36
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MARGINAL BENEFIT OF COUNTRY J

e Profits of a sourcing strategy J for a firm
e given productivity ¢ and fixed cost fz’j

H(j;(PafiT]L') — (,00713 ((’Y@ ( (o—1) /9) wa,

JjeTJ
e Marginal benefit of adding country j given ¢ and J \ j

go"*ly("*l)/"B <@i (j)(aq)/e 0T\ ) o—1) /9) f”

28 /36
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SOLVE FIRM’S PROBLEM USING J1A (2008)
ALGORITHM

e Define mapping V : {0,1}" — {0, 1}V
o V;(J) =1 if marginal benefit of j given J is positive

e Increasing differences in profit function imply V() is an increasing
function

o Start from set J° and use iterative application of V-operator to
obtain lower bound for sourcing strategy

o Start from set J' and use iterative application of V-operator to
obtain upper bound for sourcing strategy

e If bounds do not overlap, evaluate all combinations between them

29 /36
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PARAMETER ESTIMATES

B 0.123
I 0011
S 0.340
/0611
!

S 0.859

o Fixed costs 40 percent lower if common language
e Fixed costs increasing in distance with elasticity of .34 percent
e Median fixed cost estimates range from 9,000 to 28,000 USD
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COUNTERFACTUAL

@ 100% shock to China’s sourcing potential

@ Resolve for the equilibrium price index and the mass of entering
firms

o Compare
e Baseline
o Alternative parameter values that imply univeral importing or
independent entry decisions

e Focus on
o Third market effects and sourcing from the U.S.
o Gross versus net changes in sourcing
e Size distribution

36
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COUNTERFACTUAL

BASELINE
Chinese Change sourcing Change Sourcing Share
import status from US from other countries of firms
Entrants 1.010 1.023 0.143
Exiters NaN NaN 0.000
Continuers 0.999 0.998 0.098
Others 0.989 0.970 0.759

e Aggregate sourcing from the U.S. is reduced by 1.06 percent

e For every 10 domestic manufacturing jobs destroyed, 1 new job is

created.



COUNTERFACTUAL

BASELINE - SIZE DISTRIBUTION AND PRICE INDEX

Growth in Sales

L L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100
Percentiles size distribution

e Price index falls by .4 %.
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ALTERNATIVE PARAMETERS: UNIVERSAL IMPORTING

e No fixed costs of foreign sourcing

Chinese Change sourcing Change Sourcing Share
import status from US from other countries of firms
Entrants NaN NaN 0.000
Exiters NaN NaN 0.000
Continuers 0.991 0.991 1.000
Others NalN NalN 0.000

o All type of firms descrease sourcing from the U.S. and from third
markets by the same amount
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ALTERNATIVE PARAMETERS: INDEPENDENT ENTRY
DECISIONS

@ Set=0-1

Chinese Change sourcing Change Sourcing Share
import status from US from other countries of firms
Entrants 0.996 0.990 0.150
Exiters NalN NalN 0.000
Continuers 0.996 0.995 0.092
Others 0.996 0.989 0.758

o All firms decrease sourcing from the U.S. by the same amount

e No gross increases of sourcing

35/ 36
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CONCLUSION

o New framework for firm sourcing in a multi-country world

o Interdependencies in firms’ extensive margin decisions

o Distinguish between country potential and fixed costs

e Counterfactual implications
o Third market effects

o Heterogeneous effects across firms

e Gross changes versus net changes

o Framework and methodology can be applied to other problems

36 / 36
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(GRAVITY - UNIVERSAL IMPORTING

Special case 1: Very low fixed cost of offshoring

oL Qj

J ij ) —0 B,
©; 2ok Tkj O

Familiar from Eaton and Kortum (2002)

Trade elasticity is given by 6

Extensive margin effect at the product-level



INTERDEPENDENCIES ProbpucT COUNTS ESTIMATIO

GRAVITY - GENERAL CASE

o General case

_ E; Q~
MZ] = TijeAZj 1 o_l J

where
Ay —/ Iij (9) (©; () 100 714Gy ()

o A;; yields
o Extensive margin effect at the firm-level in addition to the
product-level
e Third market effects



INTERDEPENDENCIES ProbpucT COUN

(GRAVITY - INDEPENDENT ENTRY DECISIONS

Special case 2: (0 —1)/0 =1 and core efficiency Pareto

Lk p-wfo-1) g, B Qj
M;j = 71" 135 \Ilzjji_n S o ]i.—/q/(o—l)\llk
Ik

e Trade elasticity as in Chaney (2008)
o Extensive margin effect
No third market effects

E, ’

p"



INTERDEPENDENCIES

ProbpucT COUNTS ESTIMATION BACK-UP

2002 SALES PREMIA FOR 2002 NON-IMPORTERS

2002 Premium

2
L

1
L

T T T T T T T T T

1 2 3 4 5 6 7 8 9 10

Minimum number of countries from which firm sources

Premium 95% ClI




INTERDEPENDENCIES ProbpucT COUNTS ESTIMATION BACK-UP

2007 SALES PREMIA WITH PRODUCT CONTROLS

© ©
® ®
- -
E E
- -
E®™ E®™
2 2
& &
~ ~
- -
1 3 5 7 9 11 13 15 17 19 21 23 25 1 3 5 7 9 11 13 15 17 19 21 23 25
Minimum number of ountries from which firm sources Minimum number of ountries from which firm sources
[ Premium 9%l | [ Premium 9%l |

(a) Controlling for number of imported (b) Controlling for number of exported

goods goods
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MEASURING INPUT SHARES

o Inputs” = Sales™ — ValueAdded™ + ProductionW orkerW ages™

e Manufacturing and wholesale coverage
e Highly correlated with traditional input measures for manufacturing

o xj; = M} /Inputs”
e Use imports from j to measure inputs sourced from j
e Domestic sourcing is the residual
e Imports are zero if country is not in the firm’s sourcing strategy
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ToprP 10 COUNTRIES SOURCE COUNTRIES

Rank by: Number of Value of

Firms Value Firms Imports

Canada 1 1 37,800 145,700
China 2 3 21,400 121,980
Germany 3 5 13,000 62,930
United Kingdom 4 6 11,500 30,750
Taiwan 5 11 10,500 16,630
Italy 6 13 8,500 13,230
Japan 7 4 8,000 112,250
Mexico 8 2 7,800 125,960
France 9 9 6,100 22,980
Korea, South 10 10 5,600 20,390
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FIRM-LEVEL INSTRUMENT

o Ideally, want the importance of each product in firm production

e Use HS-IO tables and firm industry to get product weights?
e Firm-specific if firms span multiple industries or switch over time
o Works for all firms

o Alternative strategy for importers
e Use import product share in pre-sample

o Firm-specific, time invariant share
e Time variation comes from China product-level shocks
e Similar product-level test
e Effect of shock to product k on sourcing strategy
o Sample is all firms already importing a product (not from China)
o Pr(yijrt|Xijt = 1) = M; china,t—1 + Sales; + Controls
o Where y;;5: = 1 if firm switches its import of product £ to China
o Also assess how this change affects other sourcing decisions
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WHY DEPART FROM ARMINGTON?

o Number of countries per HS10 products traded by a firm

Firm Level Imports Firm Level Exports

Mean Median Max Mean Median Max

Mean 1.11 1.00 1.61 1.66 1.27 4.67
Median  1.03 1.00 1.00 1.00 1.00 1.00
95%tile  1.78 1.00 4.00 4.00 2.00 20.00

o Generally higher counts for exports
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WHY DEPART FROM ARMINGTON?

e Number of countries per HS10 products traded by a firm, for firms
that trade with at least 3 countries

Firm Level Imports Firm Level Exports
Mean Median Max Mean Median Max

Mean 1.28 1.05 3.18 2.26 1.48 8.25
Median  1.19 1.00 2.00 1.73 1.00 4.00
95%tile  1.96 1.00 9.00 5.17 3.00 30.00

@ Same basic pattern for firms that trade with at least 3 countries
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ESTIMATION OF COUNTRIES’ SOURCING POTENTIAL

e Estimate via OLS

log x;; — log xi; = log §; + log €7

e Summary statistics for sourcing appeal estimation

Number of observations 200,000
Number of importing firms 64,600
Mean Squared Error 2.64
Range of foreign log¢; - 4.12 to -8.42

Sum of foreign ¢; 0.137
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SOURCING POTENTIAL VERSUS AGGREGATE IMPORTS
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Log of Aggregate Imports
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PARAMETERS

;; distributed log-normal

o Scale parameter: log 3/ + 55 log distance;; + log Blflanguageij

e Dispersion parameter Bgisp

No domestic fixed cost of sourcing

0= [B;ﬂgaﬁgaﬁlfvﬁ(];isp

Simulate more than 2 million firms
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MOMENTS

1. The share of importing firms

2. The share of firms that sources from each country
3. The share of firms in each input quantile for each country

e Quantiles defined by the qth percentile of inputs in data
o Where g = (25,50, 90)

5/18
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IMPORT PERCENTILES BY COUNTRY
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STATISTICS ON JIA ALGORITHM PERFORMANCE

Cardinality of difference in bounds 0 1 2 3 4 5 6 7 8 925 >26
Number of occasions 9959361735 0 374149 22523 1514 72 6 1 0 O 0
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SHARE OF

PropucT COUNTS

IMPORTERS BY COUNTRY

ESTIMATION BACK-UP
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