Measuring the Upstreamness of Production and Trade Flows
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The fragmentation of production across
national boundaries has been a distinctive
feature of the world economy in recent
decades. Production now often entails the
sourcing of inputs and components from
multiple suppliers based in several countries.
These trends may well have interesting im-
plications for trade patterns: For example,
are countries specializing in relatively up-
stream versus downstream stages of global
production processes?

Addressing this question requires first and
foremost an industry-level measure of rela-
tive production-line position. In this arti-
cle, we present two approaches to building
a measure of industry “upstreamness” (or
average distance from final use). The two
approaches are motivated in distinct ways,
but we prove that they yield an equivalent
measure. Furthermore, we provide two addi-
tional economic interpretations of this mea-
sure, one of them closely related to the con-
cept of forward linkages in Input-Output (I-
O) analysis.

On the empirical side, we construct this
measure using the 2002 I-O Tables as a
benchmark. The high level of disaggrega-
tion in the US Tables allows us to calcu-
late upstreamness for a total of 426 indus-
tries. We separately construct our mea-
sure using the I-O Tables for selected coun-
tries in the OECD STAN database, in or-
der to verify that upstreamness is a stable
attribute of industries across different coun-
tries (with some caveats; see Section III).
Finally, we present an application of our
measure, by characterizing the average up-
streamness of exports at the country level us-
ing trade flows in the year 2002. Our initial
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exploration indicates that stronger institu-
tions and relative skill (but not physical capi-
tal) abundance are correlated with a propen-
sity to export in relatively more downstream
industries. A long version of this paper
(Pol Antras, Davin Chor, Thibault Fally and
Russell Hillberry 2012), which we refer to
hereafter as ACFH, contains additional dis-
cussion and results.

I. Two Measures of Upstreamness
A.  Closed-Economy Benchmark

To build intuition, we begin by consid-
ering an N-industry closed economy with
no inventories. For each industry ¢ €
{1,2,..., N}, the value of gross output (Y;)
equals the sum of its use as a final good (F;)
and its use as an intermediate input to other
industries (Z;)

N
(1) Yi=F+Z=F+) d;Y,

Jj=1

where, in the last summation, d,; is the dol-
lar amount of sector i’s output needed to
produce one dollar worth of industry j’s out-
put. Iterating this identity, we can express
industry ¢’s output as an infinite sequence
of terms which reflect the use of this in-
dustry’s output at different positions in the
value chain, starting with final use
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Building on this identity, Pol Antras and
Davin Chor (2011) suggest computing the
(weighted) average position of an industry’s
output in the value chain, by multiplying
each of the terms in (2) by their distance
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from final use plus one and dividing by Y;:
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It is clear that U;; > 1 and that larger val-
ues are associated with relatively higher lev-
els of upstreamness of industry ¢’s use. Al-
though computing (3) might appear to re-
quire computing an infinite power series, no-
tice that provided that d;; < 1 for all (¢, )
(a natural assumption), the numerator of the
above measure equals the i-th element of the
N x 1 matrix [I — D] > F, where D is an
N x N matrix whose (i, j)-th element is d;;
and F is a column matrix with F; in row i.!

Thibault Fally (2011) instead proposes a
measure of upstreamness based on the no-
tion that industries selling a disproportion-
ate share of their output to relatively up-
stream industries should be relatively up-
stream themselves.? In particular, he posits
the following linear system of equations that
implicitly defines upstreamness U, for each
industry ¢

N
d;Y;
(4) Up=1+) o U,

j=1

where d;;Y;/Y; is the share of sector i’s to-
tal output that is purchased by industry j.
Again it is clear that Us; > 1, and using
matrix algebra, we can express this measure
compactly as Uy = [I — A]™" 1, where A is
the matrix with d;;Y;/Y; in entry (4,) and
1 is a column vector of ones.

These two measures of upstreamness
might appear distinct, but simple manipu-
lations (see ACFH) demonstrate that they

1Because Y = [I — D]™'F, this numerator also
equals the i-th element of the N x 1 matrix [[ — D]71Y,
where Y is a column matrix with Y; in row 4.

21t should be noted that despite the order in which
we introduce these measures, Fally (2011)’s measure
chronologically precedes the one in Antras and Chor
(2011). Fally (2011) also proposes a measure of the num-
ber of stages embodied in an industry’s output.
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are in fact equivalent, which leads us to

PROPOSITION 1:
i€{1,2,..,N}.

Uli = Ugi = Ul fOT all

A limitation of these two measures is that
they impose an ad hoc cardinality in the
sense that the distance between any two
stages of production is set to one. In ACFH
we show, however, that these measures can
in fact be given two precise economic inter-
pretations. Holding constant the final-use
vector I’ and the off-diagonal elements of the
matrix D, we have

Ui:

)~<

i = 0dy;’
so U; equals the semi-elasticity of an indus-
try’s output to a uniform change in input-
output linkages within industries. Further-
more, holding constant the allocation matrix
A and letting V; be value added (or cost of
primary factors) in industry ¢, we have

N
ay;

Thus, U; also equals the dollar amount by
which output of all sectors increases follow-
ing a one dollar increase in value added in
sector ¢. This is a standard measure of
cost-push effects or total forward linkages in
supply-side I-O models and is intuitively in-
creasing in upstreamness.

B. Open-Economy Adjustment

Given the goals of this paper, it is im-
portant to extend the measurement of up-
streamness to an open-economy environ-
ment. Incorporating trade flows, the output
identity in (1) is now modified to

N
Yi=Fi+ ) dyY; + X, — M,

Jj=1

where X; and M; denote exports and im-
ports of sector ¢ output. It might appear
that as long as net exports X; — M, are
not more or less upstream than domestic
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production, allowing for international trade
would have no bearing on the measures of
upstreamness discussed above. Nevertheless,
it is important to note that the interindus-
try commodity flow data used to construct
the matrix of US input-output coefficients D
do not distinguish between flows of domestic
goods and international exchanges.® Hence,
although the share of gross output in indus-
try ¢ that is used as intermediate inputs in
industry j (at home or abroad) is given by
the ratio
_ diiY; + X5 — M;;

(5) 0ij = Y ;

in practice we lack information on interna-
tional interindustry flows X;; and M,;.

It seems sensible, however, to assume that
di; = Xi;/X; = M;;/M;, so that the share of
industry 4’s exports (imports) that are used
by industry j producers is identical to the
share of industry ¢ output used in industry j
(at home or abroad). With this assumption,
one can easily verify that our two measures
of upstreamness in (3) and (4) still coincide
after replacing d;; with

A Y,
(6) Y ”Yi — Xz + ]\41'7

where the denominator in (6) is the domestic
absorption of industry ¢’s output. It is worth
stressing that the assumptions that lead to
(6) are perfectly consistent with countries
specializing in different segments of the value
chain (see ACFH for a simple two-country
example that also highlights the importance
of the adjustment in (6)).*

II. Upstreamness in US Production

We construct the above measure of indus-
try upstreamness using the 2002 US bench-
mark [-O Tables, as made available by the
Bureau of Economic Analysis (BEA) on

3In other words, the coefficient d;; is computed as
the total purchases by industry j of industry 4’s output,
regardless of whether those purchases are domestic or
involve imports. See Karen J. Horowitz and Mark A.
Planting (2009) for more discussion.

4The above discussion abstracts from changes in in-
ventories for ease of notation. See ACFH for details of
the analogous adjustment for dealing with inventories.

their website. A key advantage of the US
data is that it reports information on pro-
duction linkages between industries at a
highly disaggregated level, namely six-digit
I-O industry codes. There are altogether 426
industries in the I-O Tables, of which 279 are
in manufacturing.

We employ the detailed Supplementary
Use Table after redefinitions. The (3, j)-th
entry of this Use Table reports the value
of inputs of commodity ¢ used in the pro-
duction of industry j in the US economy.
An additional set of columns records the
value of commodity ¢ that enters into final
uses, namely consumption, investment, net
changes in inventories, and net exports.

We construct the square matrix A with
the open-economy adjustment in (6) as fol-
lows. The numerator of the (i, j)-th entry of
A, d;;Y;, is precisely the value of commod-
ity ¢ used in j’s production; we plug in the
(4,7)-th entry from the Use Table for this
numerator. The denominator Y; — X; + M,
is in turn calculated as the sum of values in
row ¢ of the Use Table, less that recorded
under net exports and net changes in inven-
tories. With this A, the formula [I — A] ™' 1
delivers a column vector whose ¢-th entry is
the upstreamness measure, U;.

We find that industries vary considerably
in terms of their average production line po-
sition. The measure of upstreamness ranges
from a minimum of 1 (19 industries where
all output goes only to final uses) to a max-
imum of 4.65 (Petrochemicals). Its mean
value across the 426 industries is 2.09, with
a standard deviation of 0.85.° The aver-
age industry therefore enters into production
processes roughly one stage before final use.
For illustrative purposes, Table 1 lists the
five least and most upstream manufactur-
ing industries. Automobiles, furniture and
footwear are among the most downstream of
industries, with almost all of their output go-
ing directly to the end-user. In contrast, the
most upstream industries tend to be involved
in processing raw materials. Within man-

5These summary statistics are similar when restrict-
ing to manufacturing industries only. Furthermore,
the correlation between upstreamness calculated with
the open-economy and inventories corrections and up-
streamness calculated without these corrections is 0.89.
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ufacturing, upstreamness is positively cor-
related with physical capital intensity and
negatively correlated with skill intensity (see
Fally (2011)).

Table 1. Least and Most Upstream Industries (Manuf.)

US 102002 Industry Upstream
Automobile (336111) 1.000
Light truck and utility vehicle (336112) 1.001
Nonupholstered wood furniture (337112) 1.005
Upholstered household furniture (337121) 1.007
Footwear (316200) 1.007
Alumina refining (33131A) 3.814
Other basic organic chemical (325190) 3.853
Secondary smelting of aluminum (331314) 4.064
Primary smelting of copper (331411) 4.355
Petrochemical (325110) 4.651

ITI. Upstreamness in Other Countries

The upstreamness measure is most likely
to be useful if it is stable across countries.
In practice, stability can be difficult to ver-
ify because national I-O tables differ in their
classification systems and level of aggrega-
tion. Fortunately, recent efforts such as the
OECD STAN database have made available
I-O tables for many countries in a reason-
ably well-concorded fashion. A subset of the
STAN tables were submitted by Eurostat,
the statistics office of the EU. We employ the
STAN data for a subset of 16 EU countries
that share an exact aggregation of the data
for 2005. These Eurostat tables contain 41
sectors, 13 of which are in manufacturing.
As the rest of our paper relies on US data,
we also check how upstreamness calculated
from the US table in the STAN database
compares with the EU measures.” Lastly,
we constructed an aggregate EU table, de-
noted below by EUR, that brings in imper-
fectly concorded data from countries outside
our sample of 16.

6The 16 countries are: Austria, Belgium, the
Czech Republic, Denmark, Estonia, Finland, Germany,
Greece, Hungary, Italy, Luxembourg, the Netherlands,
Portugal, Slovakia, Slovenia and Spain.

TThis US measure also correlates well with up-
streamness calculated for the wider sample of countries
in the STAN database, including several non-European
countries (see ACFH). However, more caveats apply to
these findings as the number of industries that can be
successfully matched is lower.
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We calculate the upstreamness measure
for each individual country, following the
procedure in Section II. To verify the consis-
tency of industry upstreamness across coun-
tries, we conduct a Spearman rank correla-
tion test among all country pairs. A sub-
set of these results are reported in Table 2
(see ACFH for the full matrix). The rank
correlation is always large and positive; in
all country pairs, this is significantly differ-
ent from zero at a p-value of 0.01. A useful
point to note is that the correlations tend to
be slightly lower for small countries where
trade features as a large percentage of out-
put, for which the open-economy adjustment
would matter more.®

Table 2. Rank Correlations of Industry Upstreamness

USA EUR CZE DEU DNK ESP ITA LUX
USA 1.00
EUR 0.85 1.00
CZE 0.60 0.79 1.00
DEU 0.78 0.94 0.80 1.00
DNK 0.75 0.82 0.72 0.83 1.00
ESP 0.79 092 0.80 0.86 0.78 1.00
ITA 0.81 093 0.79 0.87 0.74 0.86 1.00
LUX 0.66 0.76 0.56 0.75 0.72 0.61 0.74 1.00

The variation of our upstreamness mea-
sure in the European data is also largely
consistent with the range of values reported
earlier in Table 1. In sum, the European ev-
idence gives us great confidence that the in-
dustry measures are stable across countries,
at least at the higher level of aggregation in
the STAN database.

IV. Application to Trade

We conclude by briefly exploring how our
measure, specifically that based on the more
disaggregate 2002 US I-O Tables, can shed
some new perspectives on trade patterns,
with regards to whether a country’s exports
tend to be in relatively upstream versus
downstream industries.’

8 The upstreamness measures for the 16 EU countries
are also jointly correlated to a high degree, as 76 percent
of the total variation in the measures is captured in a
principal components analysis by a single component.
The correlation of US upstreamness with this principal
component of the EU measures is 0.82.

9For further applications, see Fally (2011) and
Antras and Chor (2011).
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We calculate a summary measure of the
upstreamness of a country’s exports by
combining our US-based measure with de-
tailed product-level trade data. We take a
weighted average of industry upstreamness
values for each country, using the total ex-
ports by the country in the respective in-
dustries as weights. We consider trade flows
from 2002 for a core sample of 181 coun-
tries. The cross-country mean value of ex-
port upstreamness is 2.30 with a standard
deviation of 0.58. If attention is restricted to
manufacturing trade flows, this mean falls to
2.05, with a standard deviation of 0.49. This
drop reflects the fact that many primary and
resource-extracting industries tend to be rel-
atively upstream.

Mean values of export upstreamness do
not vary widely across country income
groups. Taking into consideration all trade
flows, the mean upstreamness of countries
in the poorest income quartile is 2.41 (stan-
dard deviation = 0.69) versus 2.26 (stan-
dard deviation = 0.45) for the highest in-
come quartile. Focusing on manufacturing
trade alone, these mean country upstream-
ness values are 2.03 and 2.10 respectively.
Thus, no simple relationship between coun-
try per capita GDP and export upstream-
ness is evident. More interestingly, we do ob-
serve that countries in the top income quar-
tile are more similar in terms of their average
position along global production lines, while
there is much more variation across poorer
countries on this dimension (see ACFH for
details).

Building on this discussion, Table 3 exam-
ines some correlations between export up-
streamness and various country characteris-
tics. Our country variables are from stan-
dard sources, and are averages over 1996-
2005 when the data is available. (See ACFH
for a detailed documentation and further
results exploiting cross-country and cross-
industry variation.) We stress that our ob-
jective here is not to establish causality or in-
vestigate particular mechanisms, but simply
to uncover patterns that relate to a country’s
average production line position. In Column
1, we verify that the bivariate correlation
between country upstreamness and log real
GDP per capita is not statistically signifi-

cant. We find much more interesting results
in Columns 2-4 where we introduce variables
related to country institutions and endow-
ments. The negative partial correlations in
Columns 2-3 suggest that better rule of law
and stronger financial development are as-
sociated with a more downstream basket of
exports. Column 4 indicates that the role
of the private credit variable is especially ro-
bust. Moreover, human capital is associated
with more downstream exports; this needs to
be taken with a pinch of salt though, as this
correlation is no longer significant when only
manufacturing trade flows are considered.

Table 3. Export Upstreamness and Country Features

(1) (2) () (4)

Log(Y/L)  —0.035 0.146%**  0.156** 0.083
(0.032)  (0.054) (0.060) (0.142)
Rule of Law —0.313*¥**  —0.164* —0.029
(0.070) (0.091) (0.103)
Credit/Y —0.404%**  —(.437F**
(0.128) (0.136)
Log(K/L) 0.156
(0.131)
School —0.085%**
(0.031)
N 181 181 151 120
R2 0.01 0.11 0.11 0.15

Notes: Robust standard errors reported. *** ** and
* denote significance at the 1, 5 and 10 percent levels

respectively.

REFERENCES

Antras, Pol, and Davin Chor. 2011.
“Organizing the Global Value Chain.”
mimeo.

Antras, Pol, Davin Chor, Thibault
Fally, and Russell Hillberry. 2012.
“Measuring the Upstreamness of Produc-
tion and Trade Flows.” NBER Working Pa-
per No. 77777

Fally, Thibault. 2011. “On the Fragmen-
tation of Production in the U.S.” mimeo.

Horowitz, Karen J., and Mark A.
Planting. 2009. “Concepts and Methods
of the Input-Output Account.” Bureau of
Economic Analysis documentation.



