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Downward Trend in Domestic Value Added in Exports
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China has recently defied the global trend
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Also documented by Koopman, Wang and Wei (2012) for 2002 and 2007.
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> Several possible answers to this question with conflicting
implications.
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What caused China to defy the global trend?

> Several possible answers to this question with conflicting
implications.

» Changing composition of Chinese exports (towards the
industries with high domestic content).

> Increasing domestic production costs, which would imply that
the country has become less competitive.

» Gradual substitution of domestic for imported materials by its
exporters.



What is this paper about?

1. Develop methodologies to use customs transaction-level data
merged with firm survey data to measure and analyze a country's
ratio of domestic value added in exports to gross exports (DVAR) at
the firm, industry, and national level.

2. Provide a detailed description of the trend, the pattern, and the
mechanism of the rising DVAR of Chinese exports (2000-2007).

3. Develop a theoretical model to quantitatively assess the
determinants of China’s rising DVAR.



Different from the standard approach

>

Existing literature measures industry and aggregate DVARs using
input-output (1O) tables (Hummels, Ishii and Yi (2001); Antras,

Chor, Fally, and Hillberry (2012); Johnson and Noguera (2012a,

2012b) and Koopman, Wang, and Wei (2012, 2013)).

Advantages: capture 1O linkages within and across countries.

However, the presence of firm heterogeneity may result in significant
aggregation biases in the estimates of the DVAR.

Advantages of our ground-up approach:

» Embrace firm heterogeneity.

» Permit statistical tests on the rising trend, using bootstrapped
standard errors for our aggregate estimates.

» Examine several micro mechanisms, such as changes in firms'
export composition, production costs and material shares.

Tang, Wang, and Wang (2015): constrained optimization
techniques to incorporate firm heterogeneity when using standard 10
tables to portray the domestic segment of GVC.



Main Findings

» Over 2000-2007, the DVAR of Chinese processing exporters
gradually increased from 65% to 70%.

> Most of the increase is due to processing exporters (9
percentage-point increase) substitute domestic materials for
imported materials.

» This material substitution is caused by an increasing supply and
decreasing prices of domestic input varieties
> triggered by decreasing input tariffs facing the upstream

sectors and increasing FDI in the downstream sectors.

» The rise in DVAR is NOT due to reallocation of resources across
industries nor firm entry and exit.



Road Map

» Data

» Methodology of using firm and customs transaction data to measure
DVAR

» Facts
» Reduced-form firm-level evidence
> Simple model to identify the determinants of firm DVAR

» Quantitatively assess the contribution of each determinant to the
rise in DVAR



Data

» Data set 1 : the universe of Chinese import and export transactions
in each month between 2000 and 2007.

» Data on imports and exports (in USD) at the HS 6-digit level
from a firm to/from each country.

» Data set 2 : firm-level manufacturing survey data from China's
National Bureau of Statistics (NBS).

» Covers all state-owned firms and all private firms with sales >
5 million RMB (about 600,000 USD during the sample
period).

» Balanced-sheet variables: firm ownership, output, value added,
exports, employment, original value of fixed asset, and
intermediate inputs.



Methodology

Identities

> A firm’s (i) total revenue:
PY; = mt; + wlL; + rK; + PPMP + P'Mm!.
» Domestic materials PDM,-D may embody foreign content (5,F)

PPMP = sF + P

> Imported materials P’Mi’ may embody domestic content ((SI-D).

PII\/I,-' = (5,-D + q,F.



Methodology

Benefits of focusing on processing trade

» By law, processing firms need to export all its output.

DVA; = mj+wl;+ rK; +qP 4P
- EXP,-—/MP,-+((5,P—5,4”+5,K).

» For processing exporters, we only need to remove foreign content in
domestic materials, (SIF.

DVA, PIM! oF
DVAR; = R - [
! EXP; PY, EXP;

» For each industry-year, impute the estimates, use the growth rate of
the number of non-processing importers in the upstream sectors and

F
the estimated %Pi from Koopman, Wang, and Wei (2012) for
2007.



Caveat: Indirect Importing

» Even under the processing regime, some firms import materials and
sell them domestically, i.e., Carry-Along Trade (Bernard et al.
(2012)).

> = excessive importers and excessive exporters.

> Solutions: Merge customs data with manufacturing firm survey data
to identify excessive importers and excessive exporters .

» We focus on a subset of single-industry processing exporters that
have their % bounded between the two cutoffs:

IMP\OT _ IMP _ PPMP + P'M'
EXP ) 55) ~ EXP = EXP

(25) EXP
of ordinary exporters in the same industry.

oT
where DVAROI =1 — (’MP)QS) is the 25 percentile of the DVAR



DVAR of Processing Exports: 9 ppt increase
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DVAR in Chinese Processing Exports by Industry
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The rise in DVAR is driven by within-sector increases.

ADVAR; = Sjc;, Wi (ADVAR;) + L, (DVAR:) (Awje),

within between
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Extension to Non-Processing and Aggregate Exports

» The methodology developed above is suitable for pure exporters
who export all their output (e.g., those engaged in global value
chains in the form of processing trade).

» However, non-processing exporters both export and sell domestically.

» Extend our methodology to measure the DVAR of the

non-processing exporters by making one proportionality assumption
at the firm level:

> the allocation of the firm's inputs to the production for exports
is proportional to the share of exports in total sales

» The DVA and DVAR of a non-processing exporter are:

DVA® = EXP;— (II\/IP,- — oK +5,F) (EXP"> :

PY;
DVA, IMP; — 6K 4+ 6F
DVAR? = R =
i EXP; PY;




DVAR in Overall Exports
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Reasons for the rising DVAR?

» The increase in DVAR is not due to the reallocation of resource
between industries.

» Within a sector, high DVAR firms could increase sales more, while
low DVAR firms may exit.

» On the other hand, it could also be a within-firm upgrading
phenomenon, due to
1. Rising production costs;

2. Firms substitution imported materials with domestic materials =
China moved up the global production chain.

» What drives the substitution?



Dependent variable: DVAR of firm exports

Firm and year fixed effects included. Bootstrapped standard errors are in parentheses. * p < 0.10; ** p < 0.05; ***

p < 0.01.

DVAR;; = Bi + Bt + BxXit + €it,

1 &) 3) ) (5) (©)

Sample All All Dom private  Foreign ~ Multiple Ind ~ Unfiltered

[ 0.0301%%  0.0200%%  0.0764  0.0327%F  0.0256F  0.0268*+
(0007 (0.006)  (0.080)  (0.006)  (0.005)  (0.005)

Baos 0.0400%%  0.0403%  0.0810  0.0492%%F  0.0466%*  0.0493%+
(0004)  (0.004)  (0106)  (0.004)  (0.006)  (0.004)

B 00657 0.0663°%  0.190%  0.0636%%F  0.0709%%F  0.0681%*
(0008)  (0.008)  (0.078)  (0.008) (0005  (0.005)

Bt 0.0669%%  0.0674%% 0140 00677 00749 007154
(0008)  (0.011)  (0127)  (0.011)  (0.005)  (0.010)

Baows 0.0062°F  0.0060%F 0198 0.0078*F  0IITHHE (.101%k
(0007 (0.009)  (0124)  (0.008) (0005  (0.010)

Baous 01359 0I36¥FF 0.257F  0136F 0146%FF 01330
(0010)  (0.011)  (0133)  (0012) (0005  (0.010)

Bor OLATHE QAT 0300%F D146 0161 0150%%
0013)  (0017)  (010)  (0.016)  (0.006)  (0.014)

(W) 0026 00234 00190 -0.0230% 00207 -0.0108%
Copom ooy 0060  0010) (0006 (0.004)
(82, 00010 0052 -0.0010 00040 -0.0032
(0016) (0455  (0.017)  (0.009)  (0.006)
N 7903 1787 858 16726 28025 31965
R-sq 0729 0733 104 074 0955 0397




Dependent variable: Imports/ Total Materials

Sample All Dom private ~ Foreign ~ Multiple Ind
Sa001 -0.0237** 0.0538 0.0241%%  -0.0200%**
(0.010) (0.047) (0.011) (0.006)
b2002 -0.0278%F%  0.137FF  L0.0293%F%  -0,0223%+*
(0.006) (0.062) (0.007) (0.007)
89003 S0.0674%%  0.0761  -0.0695%**  -0.0678%**
(0.007) (0.067) (0.007) (0.007)
S2004 -0.0837FF%  0.0813  -0.0852%F*  -0.0830%**
(0.008) (0.061) (0.008) (0.006)
82005 -0.114%5% 0.0483 S0115%%F 0,116
(0.010) (0.066) (0.009) (0.006)
52006 -0.155%%* 0.0312 S0I5TRRE 0, 144%%x
(0.011) (0.081) (0.009) (0.007)
Sa007 S0070%FF0.00236  -0.171FFF 0. 154%%*
(0.017) (0.086) (0.013) (0.007)
(%), 0.0336 0.417%* 0.0328 0.0481
(0.042) (0.190) (0.039) (0.042)
In(K/L),, -0.0035 -0.0252 -0.0040 -0.0040
(0.003) (0.030) (0.003) (0.003)
N 17831 858 16688 28875
R-sq 0898 104 0918 0896

Firm and year fixed effects included. Bootstrapped standard errors are in parentheses. * p < 0.10; ** p < 0.05; ***

p < 0.01.



Dependent variable: In(Nb. import variety)

Sample All Dom private ~ Foreign ~ Multiple Ind
Yao01 011495 0208%  0.106%%F  0.134%F
(0.016) (0.124) (0.018) (0.013)
Vao02 01109 0216 -0.0990%FF  -0.128%**
(0.016) (0.284) (0.016) (0.016)
Vao0s 02179 -0.0606  -0.208"F%  -0.240%%*
(0.029) (0.419) (0.026) (0.016)
Yaooa 02747 0,186 0.267F% -0.279%
(0.039) (0.352) (0.035) (0.015)
Vao0s 0342900535 -0.3350%F -0.360%*
(0.046) (0.367) (0.045) (0.016)
Yaoos 01979 0122 01837 0.215%*
(0.054) (0.336) (0.054) (0.019)
Yaoor 0350 0131 034475 0.356%*
(0.090) (0.345) (0.081) (0.020)
(W) 00144 -0.106 0.0171 0.0104
" o) (0.332) (0.019) (0.020)
(&), -0.0327 0.899 -0.0374 -0.0608
(0.038) (1.033) (0.054) (0.059)
N 17871 858 16726 28925
R-sq 0571 0609 0589 0565

Firm and year fixed effects included. Bootstrapped standard errors are in parentheses. * p < 0.10; ** p < 0.05; ***

p < 0.0L.



Dependent variable: In(Nb. export variety)

Sample All Dom private  Foreign = Multiple Ind
O2001 -0.0280 0138  -0.0233%  -0.0272
(0.022) (0223)  (0.012)  (0.021)
02002 0.0599 0.318  0.0712%%  0.0729%**
(0.042) (0221)  (0.029)  (0.020)
02003 0.103** 0479 0.107%%F  0.130%%
(0.049) (0.318)  (0.035)  (0.018)
02004 0124%%  0.598%F  0.126%%F  0.161%%*
(0.056) (0.267)  (0.039)  (0.016)
02005 0.210%9  0.821%%%  0.210%%%  (.236™*
(0.040) (03100 (0.020)  (0.019)
B2006 0.286%%%  0.945%%%  0.283%F%  (.316%
(0.050) (0316)  (0.033)  (0.017)
B2007 0.275%%%  1.086**  0.267%F%  0.306%
(0.046) (0338)  (0.030)  (0.022)
(W) o 0.0130 0.182 0.0110 0.0017
“ o) (0266)  (0.017)  (0.018)
(%L)., -0.0474 0126 -0.0517%  -0.0606*
(0.059) (07260 (0.028)  (0.031)
N 17871 858 16726 28925
R-sq 0399 121 0388 0486

Firm and year fixed effects included. Bootstrapped standard errors are in parentheses. * p < 0.10; ** p < 0.05; ***

p < 0.01.



Theory or Firm DVAR

> Assume a translog cost function, PM (P}

!, PP) that is symmetric,
homogeneous of degree one:

inPM (PLPP) = aj+aoilnPl+aopinPP

1 2
o (|n Pt’) tap (ln Pt’) <|n PP)

1 2
+§“DD (In PtD)

» It can provide a second-order approximation to any functional form.



Theory or Firm DVAR

> Recall the accounting identity:

PIM!
DVAR; =1— 1t 4 o,
N A

. . . . sk
where @ is a classical regression error term, capturing £x5

> Sherphard’'s Lemma implies:

pIM,  oInPM (Pl P?)
PMM;: dln P!

I

= &g/ —apln PD'

/

PMM; P!
DVAR, =1+ L " In —L Vi, t.
it + P Y —ag; +apln pD + @it VI,

I
» DVAR depends positively only on %D (given that ayp > 0).



Another Benefit of Using a Translog Production Function

> According to Blackorby and Russell (1989), the elasticity of
substitution between the two variables equals the cross-price

elasticity (¢/°) minus the own price elasticity (¢20):

Ge = elP — P

» We can express both /P and ePP as functions of a;p and sP :

pp _ olmMP app 1 "% D_q.
€t = D — D +5t — 1= D +St — 1,
dlIn P; S S

SID _ aIthD:@—FSD
¢ olnpPl s TEY
XIp
Oy = D D +1>1
St (1—5t)

» We estimate ap.

> Note that o; could change over time (and across industries) due to
changing stD.



Factors Affecting P!/ PP

> Exchange Rates: Let E; = foreign currency value of a Chinese yuan.
Pl = Pl*/E,

» Yuan depreciation = higher Ptl*/EtPtD = higher DVAR

> FDI: Rodriguez-Clare (1996) and Kee (2015): increased FDI in the
output industry can raise the supply and/or quality of domestic
input variety = higher P}/ PP = higher DVAR

» Upstream Input Tariffs: Goldberg, Khandelwal, Pavcnik, and
Topalova (2010): Lower import tariffs lead to significant growth of
domestic product variety (in India) = higher DVAR



Exploring the reasons for the rising firm DVAR
> We first estimate

DVAR,t == ﬁ, + ﬁjf + ﬁXXIt + eif'
> B; = the firm fixed effect; €;; = residual.

> The estimated B, ﬁjt, captures the average within-firm change in
DVAR of each industry j in each year relative to 2000.

> We estimate the following system of three equations using 3SLS:

. P!
Bir = w}%—w},AIn (PJDt>+t}t,
Jt
p!
mn(Pg) PR ANE @ ANV,
it

AInVP = 4wk ATL+wP AlInFDl + wi Aln Ej + 13,



Determinants of the Within-firm Increase in DVAR
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Determinants of the Within-firm Increase in DVAR

(1) (2) (3)
Dep. Var ALOUDVARﬁ At,DO IH(PI/PD)]'t ALOO In (V#’)
Dggoln (P! /PD)].t 0.269**
(0.026)
DyooIn(E;;) (RMB appreciation) 1.479* -0.089%%*
(0.891) (0.031)
Dgoln (V) 17.108***
(3.177)
Aggoln (75) -0.012
(0.007)
Dpooln (FDI) 0.017%%%
(0.002)
Industry Fixed Effects
N 105 105 105
R-sq 0.030 0.106 0.006

Bootstrapped standard errors (with 500 repetitions) are reported in parentheses. Coefficients are estimated using
3SLS. Columns (1), (2), and (3) are third, second, and first stages, respectively. * p < 0.10; ** p < 0.05; ***

p < 0.01.



Quantitative Analysis

» To understand how much of the change in firm and aggregate
DVAR can be explained by our model, we would need to first
estimate the translog parameter, ap.

> A firm’'s DVAR depends on the share of materials in total sales,

PM M,
P~tYIt and the translog parameter, ap, as follows:
I it

PMM; P}
DVAR; = 1 LA Y aphn [ =% ) ).
it + P ( o/ +apln PtD

/
» The partial impact of a change in In (%) on firm DVAR is
t

ODVAR;  PM M,t
dln ( Py ) P:tY:t




Quantitative Analysis (cont’)

M
» With the estimate of a;p and the actual data on PPt AY/’”, we can
calculate how much of the change in firm and mdustry DVAR is due
to the change in the relative price as predicted by our model:

PMM /
ADVAR;, = ¢ X ®p X Aln —t
i PV " [

» such estimates allow us to assess the time-series variation in ¢ and
examine whether the rise in firm DVAR is driven by an increasing o
or not.



Quantitative Analysis (cont’)

» To estimate «;p, we estimate the following:

pLu, P!
=a;—apln— +Cit,
P,_MMit i 1D PtD Clt

> where a; is the firm fixed effect that subsumes aqg; and ¢ is the
residual. In other words, ap is estimated from the within-firm
variation in the relative price between imported and domestic
materials.

I
» We bootstrap the standard errors and instrument for In % using
t

exchange rate, FDI and upstream input tariffs.



Estimated Sigma based on the Model

XD
Ot s tD (1 . tD) + 1>1
Industry ho SBn  ofh  se Oy Oy
whole sample 0.661 0710 0376"* (0.019) 2678 2.826
beverages & spirit (16-24) 0921 0885 0.566%* (0.211) 8779  6.561
chemical products (28-38) 0.770 0722 0.300%%* (0.072) 2.745  2.539
plastics & rubber (39-40) 0.734 0732 0175 (0.058) 1896 1.892
raw hides & skins (41-43) 0.603 0.717 0.315%% (0.112) 2316 2.552
wood & articles (44-46) 0.620 0.742 0.568 (0.529) 3411  3.967
pulp of wood (47-49) 0.769 0793 0.506%** (0.180) 3.848 4.083
textiles (50-63) 0.690 0.771 0.938** (0.066) 5.385 6313
footwear & headgear, etc. (64-67) 0770 0771 0.427%%F (0.059) 3411 3418
stone, plaster, cement, etc. (68-70) 0802 0694 0121 (0.121) 1762 1570
precious metals (71) 0664 0730 0238 (0.155) 2.067 2208
base metals (72-83) 0.882 0768 0.292%* (0.091) 3.806 2.639
machinery, mechanical electrical & equipmt (84-85) 0571 0.644 0.278%%  (0.024) 2135 2213
vehicles & aircraft (86-89) 0.580 0852 0.405*** (0.069) 2.663 4.212
optical, photographic, etc. (90-92) 0.713 0728 0.284%* (0.048) 2.388 2434
misc manufacturing (94-96) 0.601 0765 0.291%%* (0.057) 2.363 2.619




Quantitative Analysis (cont’)

» Between 2000-2007, the average change in In Pité is 0.419.

> The estimated average &;p for the whole sample is 0.376; and the
mean share of material cost in total sales is 0.786.

» The predicted increase in DVAR;; is 0.376 % 0.786 % 0.419 ~ 12%,
which is not statistically different from the sample average
within-firm increase in DVAR (14.7%).



Conclusions

» Develop methods to use firm-level and customs transaction-level
data to compute DVAR in exports at various levels of aggregation.

» The DVAR of Chinese exports increased from 0.65 to 0.70 over
2000-2007.

» China's moving up the global value chain is mostly driven by its
processing exporters sourcing more domestically.

» mainly driven by processing firms substituting domestic
materials for imported materials, at both the intensive and
extensive margins.

» The expansion of domestic input variety is induced by decreasing
input tariffs facing upstream suppliers and increasing FDI.

» Focusing on relative prices of domestic inputs, our model explains
nearly all of the increase in Chinese firm's and aggregate DVAR
from 2000 to 2007.

> Contributed to global trade slowdown (Constantinescu, Mattoo, and
Ruta, 2015)?



Top 10 Destinations for Chinese Exports

Table: Top 10 Destinations of China's Processing Exports

2000 2007
Rank USD (Bil) USD (Bil)
1 | United States 35.17 | United States 152.51
2 | Hong Kong 31.02 | Hong Kong 150.00
3 | Japan 23.17 | Japan 60.25
4 | Germany 5.62 | Netherlands 29.08
5 | Korea, Republic of 5.34 | Germany 29.00
6 | Netherlands 3.90 | Korea, Republic of 26.70
7 | United Kingdom 3.90 | Singapore 19.04
8 | Singapore 3.62 | United Kingdom 17.41
9 | Taiwan 2.92 | Taiwan 13.22
10 | France 2.10 | France 11.81

Source: China's Customs Trade Data.



Caveat: Multi-industry firms

» The above framework is helpful to figure out DVAR at the firm
level, but not at the product- or industry- level.

» Not possible to assign the imported materials to each of the product
a firm exports without knowing product-level production functions.

» Focus on the subset of processing exporters that only operate in a
single sector (clusters of HS2 based on UN classifications).

» E.g.: Machinery, Mechanical Electrical & Equipment (HS 84-85),
Textiles (HS 50-63), Footwear & Headgear (HS 64-67)

> All imports are used for exports in the same sector = compute
DVAR for each sector using the sample of single-sector processing
exporters.



Firm Heterogeneity and Aggregation Bias

> Large firms tend to have a higher import-to-sales ratio (Amiti,
Itskhoki and Konings, 2014 and Blaum, Lelarge and Peters, 2014).

Table 3: Decomposition Exercise: Firm Heterogeneity and Aggregation Bias

DVAR of Total Exports Number of firms in the sample

(1) Census 0.479 (0.021) 3419
(2) Original Sample 0.478 (0.023) 2623
(3) KWW (2012) Estimates 0.408 N/A
(4) Large Firms Only 0.453 (0.034) 123

Notes: With the exception of (3), all numbers are calculated by the authors based on different samples.
(1) refers to the 2004 Census of Manufacturing Plants;
(2) restricts the sample in (1) o the original survey dataset.
(3) is the IO table-based estimate from KWW (2012);
(4) restricts the sample in (2) to only firms with total exports larger than 300 million RMB.
Bootstrapped standard errors are reported in parentheses.



Import Tariffs by Industry
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Economic Significance

I
> From 2000 to 2007, the average increase in In % is 0.419.
t

» The coeff. 0.269 implies a 11.3% increase in the within-firm
increase in DVAR.
> The average log change in input tariffs (across industries) is -0.55.

» The coeff. -0.012 implies a 0.7% increase in domestic input
varieties, about 20% of the increase over 2000- 2007

» The presence of FDI in the same industry has a positive and
significant impact on the variety of upstream materials.

> The average log change in the stock of FDI (across downstream
industries) is 1.16. The coefficient of 0.017 implies a 2% increase in
domestic input varieties.



Representation of Different Subsamples by Export Value

Industry Sales (million usd)

customs (mil usd) merged % of customs filtered % of customs
04:beverages & spirit (16-24) 1447 1042 72.02 822 56.78
06:chemical products (28-38) 4401 2584 58.71 1308 29.72
07:plastics & rubber (39-40) 14156 9535 67.36 6331 44.72
08:raw hides & skins (41-43) 6639 4199 63.25 1843 27.77
09:wood & articles (44-46) 718 434 60.48 217 30.17
10:pulp of wood (47-49) 2760 1923 69.66 1130 40.93
11:textiles (50-63) 42272 29606 70.04 20168 47.71
12:footwear & headgear, etc. (64-67) 18123 13333 73.57 10567 58.31
13:stone, plaster, cement, etc. (68-70) 1575 1133 71.92 706 44.82
14:precious metals (71) 13299 9838 73.97 1616 12.15
15:base metals (72-83) 12562 6439 51.25 4166 33.16
16:machinery, mech, elect eqmt (84-85) 223527 151238 67.66 102399 45.81
17:vehicles & aircraft (86-89) 25232 19782 78.40 17525 69.45
18:optical, photographic, etc. (90-92) 10041 8039 80.06 4155 41.38
20:misc manufacturing (94-96) 13514 9050 66.97 6690 49.50
Total 390268 268173 68.72 179641 46.03

Source: China’s Customs Trade Data and National Bureau of Statistics (NBS) Manufacturing Survey.
Sections 1, 2, 3, 5, and 19 are non-manufacturing sectors and are excluded from the analysis.
Sample pooled across 2000-2007.



Determinants of firm DVAR

» Assume production function

Yie = (P:t IXKLM MﬁM,
th 17 1 %
Mje = (Mit ’ +M ) '
ax+oap+apy = lando > 1.

> Optimization:

I ! 1!
PeMy — apy PiM,

PiYi  Hit PM M;,

PiM} LM

1

PitYit Hit 14 ( P! )‘7*1
b
f

DVAR; =1 —



Determinants of firm DVAR (cont’)

>
PIM! 1
it Vi i P,
it Vit Hit 1+(Pté)

> Given mark-up (¢;;) and cost share of materials (xp), factors that

. . . . . P! -

increase the relative price of imported materials (%) will increase
it

firm DVAR.

» If wages and productivity do not affect Pt’/PtD, they will have no
impact on DVAR.
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