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How Much Domestic Value Added Is at Risk From Sino-

US Trade Tensions? A Back-of-the-Envelope Calculation§ 
 

Yan Ting Hin* 

 

February 2026 

 

Amid the ongoing Sino-US trade war, the trade ties between the two largest economies 

in the world have come under renewed scrutiny. At one point, tariffs imposed on Chinese goods 

exceeded some 100%, threatening to bring the trade between the world's two largest economies 

to a complete halt. This raises the question: just how exposed is the Chinese economy to exports 

to the US? 

 

To that end, a natural indicator to look at is the gross value of exports to the US, which 

one can find out easily with a quick internet search. However, using bilateral gross export 

statistics to evaluate the importance of trade to the domestic economy can be problematic. 

 

One obvious flaw is that these exports will almost certainly contain foreign value added 

which, by definition, does not add to the domestic product. Indeed, an exported good labelled 

as “Made in China” can have the bulk of its parts and components sourced elsewhere. When 

the good leaves the Chinese border, the entire value will be recorded as Chinese export by the 

customs, although only a portion of it comes from value added by Chinese manufacturers. 

 

Another limitation with bilateral gross export statistics lies in their inability to capture 

spillover effects caused by trade disruptions. Modern production takes place within global 

supply chains where production processes are highly fragmented. Consequently, disruptions in 

just one isolated segment of the supply chain can cascade throughout the entire system. 

 

 
§ ©  2026 Lau Chor Tak Institute of Global Economics and Finance, The Chinese University of Hong Kong 
* Research Associate, Lau Chor Tak Institute of Global Economics and Finance, The Chinese University of 

Hong Kong. This paper was presented at the SHKDI Annual Conference 2026, CUHK on 31 January 2026. The 

author wishes to thank all the useful comments from participants of the conference. The opinions expressed 

herein are those of the authors and do not necessarily reflect the views of the Institute. 
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In this paper, we apply the decomposition method proposed by Borin and Mancini 

(2023) to account for the domestic value added embodied in Chinese exports to the US from 

2003 to 2022, using data from the OECD Inter-Country Input-Output (ICIO) Database. We 

show that Chinese value added embodied in exports to the US as a share of GDP fell from its 

peak of close to 7% in 2005 to around 2.39% in 2022. Furthermore, we quantify the exposure 

of other economies to Sino-US trade tensions. 

 

I. Methodology 

 

A. Notation 

 

In this paper, we adopt the following notational conventions: scalars are represented by 

lowercase letters in regular font, vectors are represented by lowercase letters in boldface, and 

matrices are represented by non-bold CAPITAL letters. 

 

B. General setup 

 

We will explain the decomposition method used in this paper in detail. The method 

itself is based on Borin and Mancini (2023), which generalises the decomposition methods 

presented by other papers, inter alia, Johnson and Noguera (2012), Koopman et al. (2014), Los 

et al. (2016), Los and Timmer (2020) and Miroudot and Ye (2019). However, our exposition 

and derivation follow the traditional Hypothetical Extraction Method (HEM) adopted in 

various papers, including Los et al. (2016) and Miroudot and Ye (2019). 

 

A multi-regional input-output table is centred around a market clearing condition: 

𝐱 = 𝐴𝐱 + 𝐲 

= [

𝐴11 … 𝐴1𝐺
𝐴21 … 𝐴2𝐺
⋮ ⋱ ⋮
𝐴𝐺1 … 𝐴𝐺𝐺

] [

𝐱1
𝐱2
⋮
𝐱𝐺

] + [

𝐲1  
𝐲2 
⋮  
𝐲𝐺

] , (1) 

 

where 𝐴 captures the input requirement as a ratio of the gross output denoted by x, and y is the 

final demand. 
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In other words, we require that gross output (𝐱) must equal the sum of intermediate 

demand (𝐴𝐱) and final demand (𝐲). Let 𝐺 denote the number of countries. Suppose also that 

there are 𝑁 industries in each economy. We partition 𝐴 so that each element, say 𝐴𝑠𝑟, is an 

𝑁 × 𝑁  matrix capturing the flows of intermediate goods from one of the 𝑁  industries in 

economy 𝑠  (source) to industries in economy 𝑟  (recipient). The two vectors, 𝐱  and 𝐲 , are 

likewise partitioned so that each element is an 𝑁 × 1 vector. 

 

The value-added coefficients of an economy are the proportions of gross output net of 

intermediate inputs. Since the input flows from economy 𝑡 to economy 𝑠 are captured by the 

block 𝐴𝑡𝑠, summing the columns of this matrix gives us the inputs required by economy 𝑠 from 

economy 𝑡. We can then sum across all source countries 𝑡 to arrive at the total input share for 

each of the 𝑁 industries of economy 𝑠. Finally, we subtract these 𝑁 shares from a row vector 

of ones to derive the value-added coefficients (𝐯𝑠
′): 

𝐯𝑠
′ = 𝐮′ (𝐼 −∑ 𝐴𝑡𝑠

𝐺

𝑡=1
) , (2) 

 

where we use 𝐮′ to denote a row vector of ones. 

 

Assumption 1. We assume that all industries and economies are productive, i.e. the 𝑗-th 

element of 𝐯𝑠
′ is strictly positive for all 𝑗 ∈ {1,… ,𝑁} and 𝑠 ∈ {1,… , 𝐺}. 

 

It turns out that under Assumption 1, (𝐼 − 𝐴)−1  exists and has a geometric series 

representation. This inverse is commonly known as the Leontief inverse (Leontief, 1941), 

which we will denote by 𝐵. We will rewrite the market clearing condition as 

𝐱 = (𝐼 − 𝐴)−1𝐲 = 𝐵𝐲. (3) 

 

Since the gross domestic product (GDP) of an economy is defined as the sum of its 

domestic value added (sometimes known as gross value added), the GDP of economy 𝑠 is given 

by 

GDP𝑠 = 𝐯𝑠
′𝐱𝑠 = 𝐯𝑠

′∑ 𝐵𝑠𝑡𝐲𝑡
𝐺

𝑡=1
. (4) 
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We will generalise this to calculate the GDP of all countries simultaneously. To do so, 

we group the value-added coefficients into a block matrix 𝑉: 

𝑉 = [

𝑉1 0 … 0
0 𝑉2 … 0
⋮ ⋮ ⋱ ⋮
0 0 … 𝑉𝐺

] , (5) 

 

where the diagonal entries are given by 

𝑉𝑠  =  diag {𝐯′𝑠}, (6) 

 

so that 𝐯𝑠
′ = 𝐮′𝑉𝑠. It follows that: 

𝑉𝐱  =  

[
 
 
 
 
 
 
𝑉1 𝐱1 

𝑉2 𝐱2

⋮  

𝑉𝐺  𝐱𝐺]
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 𝑉1∑ 𝐵1𝑡𝐲𝑡

𝐺

𝑡=1

𝑉2∑ 𝐵2𝑡𝐲𝑡
𝐺

𝑡=1

⋮

𝑉𝐺∑ 𝐵𝐺𝑡𝐲𝑡
𝐺

𝑡=1 ]
 
 
 
 
 
 
 

= 𝑉𝐵𝐲, (7) 

 

where 𝑉𝐵 is often referred to as the value-added multiplier matrix, which captures all the value 

added generated within the system. Summing the elements of the appropriate block of 𝑉𝐱 

retrieves the GDP of a specific economy. 

 

C. Extracting value added from trade 

 

Having established how the gross value added of an economy is calculated, we now 

turn to identifying the portion that is contributed by international trade. To that end, we rely on 

the HEM framework. At the core of this approach lies an intuitive idea: the value added 

embodied in the exports of economy 𝑠  is the difference between the actual GDP and the 

hypothetical GDP where these exports are extracted.  

 

To illustrate, we first decompose 𝐴 into two matrices, 𝐴!𝑠 and 𝐴𝑠, where: 

𝐴𝑖𝑗
!𝑠   =   {

 0    if  𝑖  =  𝑠 𝑎nd 𝑗  ≠  𝑠 
𝐴𝑖𝑗   otherwise

  (8) 

𝐴𝑠 = 𝐴 − 𝐴!𝑠. 
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Effectively, we are taking all intermediate exports of economy 𝑠 out from 𝐴!𝑠 and placing them 

in 𝐴𝑠. Writing this out explicitly, we have 

𝐴 = 𝐴!𝑠 + 𝐴𝑠 =

[
 
 
 
 
𝐴11 𝐴12 … … 𝐴1𝐺
⋮ ⋮ ⋱ ⋱ ⋮
0 0 𝐴𝑠𝑠 … 0
⋮ ⋮ ⋱ ⋱ ⋮
𝐴𝐺1 𝐴𝐺2 … … 𝐴𝐺𝐺]

 
 
 
 

⏟                  
=𝐴!𝑠

+

[
 
 
 
 
0 0 … … 0
⋮ ⋮ ⋱ ⋱ ⋮
𝐴𝑠1 𝐴𝑠2 0 … 𝐴𝑠𝐺
⋮ ⋮ ⋱ ⋱ ⋮
0 0 … … 0 ]

 
 
 
 

⏟                
=𝐴𝑠

(9)
 

 

The final demand can be further decomposed by destination so that 𝐲𝑠𝑟 refers to final 

demand produced in economy 𝑠 and consumed in economy 𝑟, with 𝐲𝑠 = ∑ 𝐲𝑠𝑟
𝐺
𝑟=1 . Therefore, 

we can split 𝐲 into 𝐲!𝑠 and 𝐲𝑠: 

𝐲𝑖
!𝑠 = {

𝐲𝑖    if 𝑖 ≠ 𝑠
𝐲𝑠𝑠    otherwise

(10) 

𝐲𝑠 = 𝐲 − 𝐲!𝑠. 

 

Effectively, we have singled out all final exports of economy 𝑠 in 𝐲𝑠 as shown below: 

𝐲 =

[
 
 
 
 
 
𝐲1
⋮

𝐲𝑠𝑠
⋮

𝐲𝐺 ]
 
 
 
 
 

⏟
𝐲!𝑠

+

[
 
 
 
 
 

𝟎
⋮

∑ 𝐲𝑠𝑟
𝑟≠𝑠

⋮
𝟎 ]

 
 
 
 
 

⏟      
𝐲𝑠

. (11)
 

 

With this new partition, the market clearing condition becomes 

𝐱 = 𝐴!𝑠𝐱 + 𝐲!𝑠 + (𝐴𝑠𝐱 + 𝐲𝑠) (12) 

= 𝐴!𝑠𝐱 + 𝐲!𝑠 + 𝐞𝑠∗ , 

 

where exports of intermediate goods (𝐴𝑠𝐱) and final goods (𝐲𝑠) from economy 𝑠 are lumped 

into the global export vector 𝐞𝑠∗: 

𝐞𝑠∗ =

[
 
 
 
 
 

𝟎
⋮

∑ (𝐴𝑠𝑟𝐱𝑟 + 𝐲𝑠𝑟)
𝑟≠𝑠

⋮
𝟎 ]

 
 
 
 
 

, (13) 
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and we define 𝐞𝑠𝑟 = 𝐴𝑠𝑟𝐱𝑟 + 𝐲𝑠𝑟. This then gives rise to a different Leontief inverse 𝐵!𝑠 =

(𝐼 − 𝐴!𝑠)−1, allowing us to rewrite equation (3) as 

𝐱 = 𝐵𝐲 = 𝐵!𝑠(𝐲!𝑠 + 𝐞𝑠∗). (14) 

 

Consequently, the difference between the actual GDP and the hypothetical GDP, where 𝐞𝑠∗ is 

removed, can be quantified as: 

𝑉𝐵𝐲 − 𝑉𝐵!𝑠𝐲!𝑠 = 𝑉𝐵!𝑠𝐞𝑠∗ (15) 

 

Multiplying out 𝑉𝐵!𝑠𝐞𝑠∗, we obtain 

𝑉𝐵!𝑠𝐞𝑠∗ =

[
 
 
 
 
 
 
 𝑉1𝐵1𝑠

!𝑠 ∑ 𝐞𝑠𝑟
𝑟≠𝑠

⋮

𝑉𝑠𝐵𝑠𝑠
!𝑠∑ 𝐞𝑠𝑟

𝑟≠𝑠

⋮

𝑉𝐺𝐵𝐺𝑠
!𝑠 ∑ 𝐞𝑠𝑟

𝑟≠𝑠 ]
 
 
 
 
 
 
 

. (16) 

 

Equation (16) provides a natural classification of value added into domestic and foreign 

components. In particular, the Domestic Value Added (DVA) embodied in all exports of 

economy 𝑠 is given by 

𝐷𝑉𝐴𝑠∗ = 𝐮
′ (𝑉𝑠𝐵𝑠𝑠

!𝑠∑ 𝐞𝑠𝑟
𝑟≠𝑠

) = 𝐯𝑠
′𝐵𝑠𝑠
!𝑠∑ 𝐞𝑠𝑟

𝑟≠𝑠
, (17) 

 

and that the portion associated with a specific trading partner 𝑟 is simply 

𝐷𝑉𝐴𝑠𝑟 = 𝐯𝑠
′𝐵𝑠𝑠
!𝑠𝐞𝑠𝑟 (18) 

 

so that 𝐷𝑉𝐴𝑠∗ = ∑ 𝐷𝑉𝐴𝑠𝑟
𝐺
𝑟≠𝑠 . By symmetry, the Foreign Value Added (FVA) counterparts 

are 

𝐹𝑉𝐴𝑠∗ =∑ 𝐯𝑡
′𝐵𝑡𝑠
!𝑠∑ 𝐞𝑠𝑟

𝑟≠𝑠𝑡≠𝑠
 

𝐹𝑉𝐴𝑠𝑟 =∑ 𝐯𝑡
′𝐵𝑡𝑠
!𝑠𝐞𝑠𝑟

𝑡≠𝑠
. (19) 

 

Crucially, these indicators measure the exposure of foreign countries to the exports of economy 

𝑠, thereby quantifying the potential collateral damage, should disruptions occur in its external 

trade. 
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D. Reconciling value added and gross exports 

 

We will focus on decomposing bilateral exports from economy 𝑠 to economy 𝑟. While 

it seems logical to assume that the value from exports can either be domestic and foreign and 

therefore they should sum to gross exports, this equality generally does not hold, i.e. 

𝐮′𝐞𝑠𝑟 ≠ 𝐷𝑉𝐴𝑠𝑟 + 𝐹𝑉𝐴𝑠𝑟  . (20) 

 

To see this, we first expand out the value-added multiplier matrix 𝑉𝐵 introduced in (7): 

𝑉𝐵 = [

𝑉1𝐵11 𝑉1𝐵12 … 𝑉1𝐵1𝐺
𝑉2𝐵21 𝑉2𝐵22 … 𝑉2𝐵2𝐺
⋮ ⋮ ⋱ ⋮

𝑉𝐺𝐵𝐺1 𝑉𝐺𝐵𝐺2 … 𝑉𝐺𝐵𝐺𝐺

] . (21) 

 

Proposition 2. Every block column of 𝑉𝐵 sums to a row vector of ones, that is, 

𝐮′∑ 𝑉𝑡𝐵𝑡𝑠
𝐺

𝑡=1
= 𝐮′ (22) 

for any 𝑠 ∈ {1,… , 𝐺}. 

Proof. See Section A1.                                                                                                                                        

 

Using Proposition 2, we obtain a decomposition of bilateral exports: 

𝐮′𝐞𝑠𝑟 = 𝐮
′∑ 𝑉𝑡𝐵𝑡𝑠𝐞𝑠𝑟

𝐺

𝑡=1
(23) 

= (𝐯𝑠
′𝐵𝑠𝑠 +∑ 𝐯𝑡

′
𝐺

𝑡≠𝑠
𝐵𝑡𝑠) 𝐞𝑠𝑟 . 

 

Here we split bilateral exports into domestic content captured by 𝐯𝑠
′𝐵𝑠𝑠  and foreign 

content ∑ 𝐯𝑡
′𝐺

𝑡≠𝑠 𝐵𝑡𝑠. Notice that 𝐯𝑠
′𝐵𝑠𝑠 + ∑ 𝐯𝑡

′𝐺
𝑡≠𝑠 𝐵𝑡𝑠 can be rewritten as 

𝐯𝑠
′𝐵𝑠𝑠 +∑ 𝐯𝑡

′
𝐺

𝑡≠𝑠
𝐵𝑡𝑠 = 𝐯𝑠

′𝐵𝑠𝑠
!𝑠 + 𝐯𝑠

′(𝐵𝑠𝑠 − 𝐵𝑠𝑠
!𝑠) (24) 

+∑ 𝐯𝑡
′

𝐺

𝑡≠𝑠
𝐵𝑡𝑠
!𝑠 +∑ 𝐯𝑡

′(𝐵𝑡𝑠 − 𝐵𝑡𝑠
!𝑠)

𝐺

𝑡≠𝑠
 

 

by adding and subtracting 𝐯𝑠
′𝐵𝑠𝑠
!𝑠  and 𝐯𝑡

′𝐵𝑡𝑠
!𝑠 . This generates two new terms, namely 

𝐯𝑠
′(𝐵𝑠𝑠 − 𝐵𝑠𝑠

!𝑠) and ∑ 𝐯𝑡
′(𝐵𝑡𝑠 − 𝐵𝑡𝑠

!𝑠)𝐺
𝑡≠𝑠 . We claim that they capture double counted value added. 
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Proposition 3. For any arbitrary 𝑡 ∈ {1,… , 𝐺}, the difference 𝐵𝑡𝑠 − 𝐵𝑡𝑠
!𝑠  is given by: 

𝐵𝑡𝑠 − 𝐵𝑡𝑠
!𝑠 = 𝐵𝑡𝑠

!𝑠∑ 𝐴𝑠𝑗
𝑗≠𝑠

𝐵𝑗𝑠. (25) 

 

Proof. See Section A2.                                                                                                                                        

 

Applying Proposition 3, we see that the quantity 𝐯𝑠
′(𝐵𝑠𝑠 − 𝐵𝑠𝑠

!𝑠)𝐞𝑠𝑟 can be written as 

𝐷𝐷𝐶𝑠𝑟 ≔ 𝐯𝑠
′(𝐵𝑠𝑠 − 𝐵𝑠𝑠

!𝑠)𝐞𝑠𝑟 (26) 

= 𝐯𝑠
′𝐵𝑠𝑠
!𝑠∑ 𝐴𝑠𝑗

𝑗≠𝑠
𝐵𝑗𝑠𝐞𝑠𝑟 . 

 

Notice that ∑ 𝐴𝑠𝑗𝑗≠𝑠 𝐵𝑗𝑠𝐞𝑠𝑟  describes a circular trade flow. Firstly, the term 𝐴𝑠𝑗 

captures intermediate inputs that leave economy 𝑠  for some other economy 𝑗 . Secondly, 

multiplying it by 𝐵𝑗𝑠𝐞𝑠𝑟 identifies the portion that returns home for production of exported 

goods to economy 𝑟. Finally, summing this across all foreign countries 𝑗 and pre-multiplying 

it by 𝐯𝑠
′𝐵𝑠𝑠
!𝑠  extracts the value added that is generated domestically. As a consequence, this 

domestic value added will be recorded more than once—when it leaves for economy 𝑗 and also 

when it departs for 𝑟. For that reason, we define this as Domestic Double Counting (DDC).  

 

Using analogous logic, we define Foreign Double Counting (FDC) as 

𝐹𝐷𝐶𝑠𝑟 ≔∑ 𝐯𝑡
′

𝐺

𝑡≠𝑠
𝐵𝑡𝑠
!𝑠∑ 𝐴𝑠𝑗

𝑗≠𝑠
𝐵𝑗𝑠𝐞𝑠𝑟 . (27) 

 

With these extra terms defined, we can refine the decomposition of bilateral exports 

shown in (23) to the following: 

𝐮′𝐞𝑠𝑟 = 𝐷𝑉𝐴𝑠𝑟 + 𝐷𝐷𝐶𝑠𝑟⏟          
Domestic content

(28)
 

 +𝐹𝑉𝐴𝑠𝑟 + 𝐹𝐷𝐶𝑠𝑟⏟          
Foreign content

. 

 

A summary of the various terms used in the decomposition is provided in Table 1. 
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E. Gross exports by final absorption 

 

So far, we have focused on decomposing the value added embodied in exports based 

on its source. Another useful perspective is to decompose gross exports directly based on where 

they are ultimately consumed—or, in input-output terminology, absorbed. Our starting point 

is a variation of the market clearing condition shown in (1): 

𝐱𝑟 = 𝐴𝑟𝑟𝐱𝑟 + 𝐲𝑟𝑟 +∑ 𝐞𝑟𝑗
𝑗≠𝑟

, (29) 

 

which can be rewritten as 

𝐱𝑟 = (𝐼 − 𝐴𝑟𝑟)
−1𝐲𝑟𝑟 + (𝐼 − 𝐴𝑟𝑟)

−1∑ 𝐞𝑟𝑗
𝑗≠𝑟

. (30) 

 

This in turn allows us to express the bilateral exports 𝐞𝑠𝑟 as 

𝐞𝑠𝑟 = 𝐴𝑠𝑟𝐱𝑟 + 𝐲𝑠𝑟 (31) 

= 𝐲𝑠𝑟 + 𝐴𝑠𝑟(𝐼 − 𝐴𝑟𝑟)
−1𝐲𝑟𝑟 

+ 𝐴𝑠𝑟(𝐼 − 𝐴𝑟𝑟)
−1∑ 𝐞𝑟𝑗

𝑗≠𝑟
. 

 

Equation (31) splits bilateral exports 𝐞𝑠𝑟  into three components based on their final 

destinations. In particular, the first two terms 𝐲𝑠𝑟 + 𝐴𝑠𝑟(𝐼 − 𝐴𝑟𝑟)
−1𝐲𝑟𝑟  collectively refer to 

exports that are directly absorbed. In contrast, the third term 𝐴𝑠𝑟(𝐼 − 𝐴𝑟𝑟)
−1∑ 𝐞𝑟𝑗𝑗≠𝑟  captures 

the portion of exports that are used in producing exports of economy 𝑟, which we will refer to 

as re-exports.  

 

This finer classification allows us to further break down 𝐷𝑉𝐴𝑠𝑟  into value added 

directly absorbed by economy 𝑟 vis-à-vis value added embedded in its re-exports. We label the 

former as Directly Absorbed Domestic Value Added (DADVA) and the latter as Re-

exported Domestic Value Added (RXDVA): 

𝐷𝐴𝐷𝑉𝐴𝑠𝑟 = 𝐯𝐬
′𝐵𝑠𝑠
!𝑠𝐲𝑠𝑟 (32) 

+ 𝐯𝐬
′𝐵𝑠𝑠
!𝑠𝐴𝑠𝑟(𝐼 − 𝐴𝑟𝑟)

−1𝐲𝑟𝑟 

𝑅𝑋𝐷𝑉𝐴𝑠𝑟 = 𝐷𝑉𝐴𝑠𝑟 − 𝐷𝐴𝐷𝑉𝐴𝑠𝑟 . 
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II. Data 

 

In this paper, we employ input-output tables published in the OECD Inter-Country 

Input-Output (ICIO) Database (OECD, 2025) available from www.oecd.org. The most recent 

version is the 2025 edition, which covers data from 1995 to 2022. We choose to start our 

analysis from 2003 so that we can focus on the era after China's 2001 accession to the World 

Trade Organization (WTO) while excluding the immediate post-accession years to ensure that 

trade patterns had stabilised. 

 

OECD input-output tables come in two variations which are called “regular ICIO” and 

“extended ICIO”. We use the latter option because it explicitly accounts for firm heterogeneity 

in China (and Mexico). The data for Hong Kong, China is reported separately. 

 

The input-output table covers 80 economies, each with 49 industries.1 The industrial 

classification is largely based on an aggregation of various hierarchical levels from 

International Standard Industrial Classification (ISIC) Rev.4. 

 

III. Empirical Results 

 

Table 2 summarises our findings. As shown in Figure 1, we see that Chinese gross 

exports to the US have been on a general upward trend since 2003, with temporary dips in 

2009, 2016 and 2019. The 2009 decline was due to the global financial crisis, while the dip in 

2016 was likely caused by the uncertainty surrounding prospective US protectionist measures 

under the incoming Trump administration. Finally, the contraction in 2019 is attributable to the 

intensification of the trade war initiated by US President Donald Trump in his first tenure. 

 

At the same time, we observe that Chinese DVA embodied in its gross exports to the 

US also increased in tandem with the growth in gross exports (see Figure 1). We see that the 

DVA share of exports to the US increased substantially from around 76% in 2003 to close to 

85% in 2016 and remained steady thereafter. This is consistent with the general perception that 

Chinese manufacturers have shifted away from low-value assembly activities and moved up 

 
1 Industry code “T” that covers household activities is removed from the analysis. 
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the value chain. Figure 1 also shows that the double counting of value added in Chinese exports 

to the US is negligible. 

 

Table 1: Summary of decomposition of bilateral exports 

Mnemonics Description Expression 

𝐷𝑉𝐴𝑠𝑟 Domestic value added 𝐯𝑠
′𝐵𝑠𝑠
!𝑠𝐞𝑠𝑟 

of which:   

 𝐷𝐴𝐷𝑉𝐴𝑠𝑟 Directly absorbed domestic value added 𝐯𝑠
′𝐵𝑠𝑠
!𝑠(𝐲𝑠𝑟 + 𝐴𝑠𝑟(𝐼 − 𝐴𝑟𝑟)

−1𝐲𝑟𝑟) 

 𝑅𝑋𝐷𝑉𝐴𝑠𝑟 Re-exported domestic value added 𝐷𝑉𝐴𝑠𝑟 −𝐷𝐴𝐷𝑉𝐴𝑠𝑟 

𝐷𝐷𝐶𝑠𝑟 Domestic double counting 𝐯𝑠
′𝐵𝑠𝑠
!𝑠∑ 𝐴𝑠𝑗

𝑗≠𝑠
𝐵𝑗𝑠𝐞𝑠𝑟 

𝐹𝑉𝐴𝑠𝑟 Foreign value added 
∑ 𝐯𝑡

′
𝐺

𝑡≠𝑠
𝐵𝑡𝑠
!𝑠𝐞𝑠𝑟 

𝐹𝐷𝐶𝑠𝑟 Foreign double counting 
∑ 𝐯𝑡

′
𝐺

𝑡≠𝑠
𝐵𝑡𝑠
!𝑠∑ 𝐴𝑠𝑗

𝑗≠𝑠
𝐵𝑗𝑠𝐞𝑠𝑟 

Note: Domestic content 𝐯𝑠
′𝐵𝑠𝑠 = 𝐷𝑉𝐴𝑠𝑟 + 𝐷𝐷𝐶𝑠𝑟 and foreign content ∑ 𝐯𝑡

′𝐺
𝑡≠𝑠 𝐵𝑡𝑠 = 𝐹𝑉𝐴𝑠𝑟 + 𝐹𝐷𝐶𝑠𝑟. 

 

Figure 1: Components of Chinese exports to the US 

 

Source: Author's computations based on OECD Inter-Country Input-Output Database 2025. 
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Table 2: Chinese value added in exports to the US 

Year 
Gross 

exports 
DVA 

DVA / Gross 

exports 

DADVA/ Gross 

exports 

RXDVA/ Gross 

exports 

DVA / China’s 

GDP 

2003 114.77 87.04 75.84% 72.86% 2.98% 5.55% 

2004 150.52 109.90 73.01% 69.76% 3.25% 5.94% 

2005 188.72 141.31 74.88% 71.58% 3.30% 6.52% 

2006 225.46 166.54 73.87% 70.28% 3.59% 6.37% 

2007 256.54 194.81 75.94% 72.10% 3.84% 5.78% 

2008 273.47 210.53 76.98% 72.50% 4.49% 4.81% 

2009 223.64 180.74 80.82% 77.19% 3.63% 3.72% 

2010 278.86 224.04 80.34% 76.40% 3.95% 3.88% 

2011 307.92 243.53 79.09% 74.94% 4.15% 3.40% 

2012 336.67 271.40 80.61% 76.72% 3.89% 3.34% 

2013 362.64 291.48 80.38% 76.42% 3.95% 3.19% 

2014 407.14 331.78 81.49% 77.47% 4.02% 3.32% 

2015 427.56 356.42 83.36% 79.66% 3.70% 3.36% 

2016 383.29 322.65 84.18% 80.57% 3.61% 3.00% 

2017 415.94 343.78 82.65% 79.19% 3.46% 2.92% 

2018 455.09 376.52 82.74% 78.93% 3.80% 2.83% 

2019 405.15 337.94 83.41% 79.75% 3.66% 2.47% 

2020 407.49 341.67 83.85% 80.55% 3.30% 2.43% 

2021 495.25 411.24 83.04% 79.69% 3.35% 2.41% 

2022 492.39 411.31 83.53% 79.98% 3.55% 2.39% 

Source: Author's computations based on OECD Inter-Country Input-Output Database 2025. 

Note: “Gross exports” and “DVA” are expressed in billion US Dollars. 

 

Figure 2 plots the share of foreign inputs as a share of gross output of the top six 

Asian economies in terms of output. For China, foreign inputs represented roughly 7% of 

gross output in 2005 and fell consistently to about 4–5% in 2022. Moreover, we observe that 

China is significantly less reliant on foreign inputs when compared to other Asian producers 

such as South Korea and Taiwan. 

 

However, against this backdrop of growing exports to the US in both monetary and 

value-added terms, the importance of exports to the US to the Chinese economy has diminished 

significantly over time. Referring to Figure 3, gross exports to the US contributed close to 7% 

of Chinese GDP in 2005. This share was halved to around 3.5% in 2011 and dropped further 

to 2.39% in 2022, representing a reduction of roughly two-thirds from the peak. 
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Figure 2: Foreign inputs as a share of gross output 

 
Source: Author's computations based on OECD Inter-Country Input-Output Database 2025. 

Note: This figure shows the share of foreign inputs of the top six Asian economies in terms of gross output. 

 

Figure 3: Trend of Chinese value added embodied in exports to the US 

 
Source: Author's computations based on OECD Inter-Country Input-Output Database 2025.
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On the other hand, Table 3 quantifies the extent of exposure for other economies based 

on FVA. We calculate the global value added exposed as the sum of DVA and FVA. Using 

2022 data, we see that around 84% of the total exposed value added is concentrated in China, 

which implies that the remaining 16% of the exposure is shared by other economies including 

the US itself. This suggests that unilaterally imposing tariffs on a trading partner may backfire 

even in the absence of retaliation. Furthermore, this exposure can be meaningful for economies 

which are close trading partners with China. For example, the value added exposed for Taiwan 

is close to 1% of GDP and the corresponding figure for South Korea is around 0.3%. 

 

This partly reflects the reliance of these Asian manufacturing hubs on imported inputs 

we saw in Figure 2. Another factor is the role Taiwan and South Korea play in the global value 

chain. This is demonstrated in Table 4. We see that while the DVA as a share of gross exports 

to these three economies is comparable, the composition differs significantly. Specifically, 

while almost all Chinese DVA to the US is consumed domestically, around 30–40% of Chinese 

DVA goes through Taiwan and South Korea as intermediate stops before reaching the final 

market. Given their roles as trade conduits, they are more susceptible to trade disruptions 

between China and the US. 

 

Table 3: Value added exposed to Sino-US trade tensions in 2022 

Economy Value added exposed Share of global value 

added exposed 

Value added exposed as 

share of GDP 

China 411.31 84.26% 2.39% 

China (Non-processing) 384.65 78.79% 2.24% 

China (Processing) 26.66 5.46% 0.16% 

United States 6.87 1.41% 0.03% 

Taiwan 6.36 1.30% 0.85% 

South Korea 5.56 1.14% 0.32% 

Japan 5.47 1.12% 0.14% 

Australia 3.96 0.81% 0.24% 

Russia 3.23 0.66% 0.16% 

Germany 3.08 0.63% 0.08% 

Saudi Arabia 2.68 0.55% 0.25% 

Brazil 2.25 0.46% 0.13% 

Source: Author's computations based on OECD Inter-Country Input-Output Database 2025. 

Note: This table shows the top ten economies in terms of share of global value added exposed. “Value added 

exposed” is expressed in billion US Dollars. “Value added exposed as share of GDP” is calculated using the 

respective GDP of the economy shown in that row. We calculate global value added exposed as the sum of DVA 

and FVA, thus the share presented here will be slightly different from the DVA share of exports due to the presence 

of double counting. 
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Table 4: Gross exports of China to selected trading partners in 2022 

Trading partner Gross exports DVA DVA / Gross 

exports 

DADVA / Gross 

exports 

RXDVA / Gross 

exports 

United States 492.39 411.31 83.53% 79.98% 3.55% 

Taiwan 71.87 58.14 80.90% 48.22% 32.68% 

South Korea 164.92 135.16 81.95% 55.75% 26.20% 

Source: Author's computations based on OECD Inter-Country Input-Output Database 2025. 

Note: Gross exports and DVA are expressed in billion US Dollars. DADVA refers to directly absorbed domestic 

value added, while RXDVA refers to re-exported domestic value added. 

 

IV. Discussion 

 

This paper inteprets the decomposition method by Borin and Mancini (2023) through 

the lens of the HEM framework. We apply this method to quantify the DVA and FVA 

embodied in Chinese exports to the US. Based on 2022 data, we estimate that 2.39% of the 

Chinese GDP is exposed to trade disruptions with the US. Furthermore, other economies, 

including the US itself, are also variably exposed. We also find that virtually all DVA embodied 

in Chinese exports to the US is directly absorbed. This suggests that the US acts primarily as a 

final consumer market for Chinese exports. 

 

We end this paper by making clear what this result is not saying. While it is tempting 

to treat this 2.39% as an assessment of the impact of the trade war on China, this is inaccurate.  

 

This is because the calculations presented in this paper are purely reduced-form: It is 

based on a comparative static exercise where we ignore real-world adjustments, such as 

Chinese firms diverting exports to elsewhere to mitigate the economic loss stemming from 

losing access to the US market, and retaliatory measures by China are also not accounted for. 

A structural model capable of capturing the endogenous interactions of trading partners will be 

needed to quantify the true impact of the trade war on China. It is in this sense that our 

calculations serve as a back-of-the-envelope estimate. 

 



 

16 

 

References 

Borin, A. and Mancini, M. (2023). Measuring what matters in value-added trade. Economic 

Systems Research, 35(4):586–613. 

 

Carter, M. (2001).  Foundations of Mathematical Economics. MIT Press, Cambridge, MA. 

 

Cheney, W. (2001). Analysis for Applied Mathematics. Springer New York, New York, NY. 

 

Johnson, R. C. and Noguera, G. (2012).  Accounting for intermediates: Production sharing and 

trade in value added. Journal of International Economics, 86(2):224–236. 

 

Koopman, R., Wang, Z., and Wei, S.-J. (2014). Tracing value-added and double counting in 

gross exports. American Economic Review, 104(2):459–494. 

 

Leontief, W. W. (1941). The Structure of American Economy, 1919-1929: An Empirical 

Application of Equilibrium Analysis. Harvard University Press, Cambridge, MA. 

 

Los, B. and Timmer, M. P. (2020). Measuring bilateral exports of value added: A unified 

framework. In N. Ahmad et al. (Eds.), Challenges of Globalization in the Measurement 

of National Accounts, 389–421. University of Chicago Press. 

 

Los, B., Timmer, M. P., and de Vries, G. J. (2016). Tracing value-added and double counting 

in gross exports: Comment. American Economic Review, 106(7):1958–1966. 

 

Miller, R. E. and Blair, P. D. (2009).  Input-Output Analysis: Foundations and Extensions.   

Cambridge University Press, Cambridge, 2nd ed. 

 

Miroudot, S. and Ye, M. (2019). Investigating double counting terms in the value-added 

decomposition of gross exports. MPRA Paper No. 98232. 

 

OECD (2025). OECD Inter-Country Input-Output (ICIO) Database. Accessed: 2026-01-30. 

 

 

 



 

17 

 

Proofs of Theorems and Propositions 

 

A1. Proof of Proposition 2 

 

Proof. By hypothesis, 𝐵 = (𝐼 − 𝐴)−1 . Then (𝐼 − 𝐴)𝐵 = 𝐼 . Partitioning these matrices into 

𝐺 × 𝐺 block matrices, we have 

[

𝐼 − 𝐴11 −𝐴12 ⋯ −𝐴1𝐺
−𝐴21 𝐼 − 𝐴22 ⋯ −𝐴2𝐺
⋮ ⋮ ⋱ ⋮

−𝐴𝐺1 −𝐴𝐺2 ⋯ 𝐼 − 𝐴𝐺𝐺

] [

𝐵11 𝐵12 … 𝐵1𝐺
𝐵21 𝐵22 … 𝐵2𝐺
⋮ ⋮ ⋱ ⋮
𝐵𝐺1 𝐵𝐺2 … 𝐵𝐺𝐺

] = [

𝐼 0 … 0
0 𝐼 … 0
⋮ ⋮ ⋱ ⋮
0 0 … 𝐼

] . (𝐴1) 

 

Without loss of generality, we pick the first block column of 𝐵: 

𝐮′ [

𝐼 − 𝐴11 −𝐴12 ⋯ −𝐴1𝐺
−𝐴21 𝐼 − 𝐴22 ⋯ −𝐴2𝐺
⋮ ⋮ ⋱ ⋮

−𝐴𝐺1 −𝐴𝐺2 ⋯ 𝐼 − 𝐴𝐺𝐺

] [

𝐵11
𝐵21
⋮
𝐵𝐺1

] = [𝐯1
′ 𝐯2

′ … 𝐯𝐺
′ ] [

𝐵11
𝐵21
⋮
𝐵𝐺1

] = 𝐮′ (𝐴2) 

 

by recalling the definition of value-added coefficients from equation (2). The same argument 

applies to all other columns, completing the proof.                                                                    

 

A2. Proof of Proposition 3 

 

Proof. By construction, 𝐴!𝑠 = 𝐴 − 𝐴𝑠. Then, 

𝐼 − 𝐴!𝑠 = (𝐼 − 𝐴) + 𝐴𝑠 . (𝐴3) 

 

Pre-multiplying by 𝐵!𝑠 and post-multiplying by 𝐵 implies that 

𝐵 − 𝐵!𝑠 = 𝐵!𝑠𝐴𝑠𝐵. (𝐴4) 

 

Recall that 𝐴𝑠 is a sparse block matrix with only non-zero matrices in the 𝑠-th block row. Then 

writing out [𝐵!𝑠𝐴𝑠𝐵]𝑡𝑠 explicitly gives 

[𝐵𝑡1
!𝑠 … 𝐵𝑡𝑠

!𝑠 … 𝐵𝑡𝐺
!𝑠 ]

[
 
 
 
 
 

0
⋮

∑ 𝐴𝑠𝑗
𝑗≠𝑠

𝐵𝑗𝑠

⋮
0  ]

 
 
 
 
 

= 𝐵𝑡𝑠
!𝑠∑ 𝐴𝑠𝑗𝐵𝑗𝑠

𝑗≠𝑠
. (𝐴5) 


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Mathematical Supplement 

 

B1. What is the issue? 

 

We will suppress the economy and industry labels featured in a global input-output 

table and write the canonical input-output system simply as 

𝐱 = 𝐴𝐱 + 𝐲, (𝐵1) 

 

where 𝐴 is a 𝑛 × 𝑛 matrix and its typical element is denoted as 𝑎𝑖𝑗 . Both 𝐱 and 𝐲 are 𝑛 × 1 

vectors. At the core of input-output analysis is solving this linear system for 𝐱, given some 

fixed 𝐴 and 𝐲. We will further require all entries of 𝐴 to be non-negative and 𝐲 to be non-

negative, i.e. 𝑦𝑗 ≥ 0 for j = 1,… , 𝑛 throughout this appendix. Simple algebra shows that the 

solution 𝐱 is given by 

𝐱 = (𝐼 − 𝐴)−1𝐲 =:𝐵𝐲, (𝐵2) 

 

provided that (𝐼 − 𝐴)−1 is defined, in which case the solution 𝐱 is also unique. Therefore, it 

seems that as long as we can mechanically invert the square matrix 𝐼 − 𝐴, we will be able to 

solve this linear system. But not quite, as from an economic point of view, we also require 𝐱 

 to be non-negative (when given a non-negative 𝐲) as it is measuring gross output. 

 

In this mathematical supplement, we show that the following assumption, which is 

essentially Assumption 1 but slightly rephrased,2 will guarantee that (𝐼 − 𝐴) is invertible and 

𝐱 is non-negative, addressing two challenges at once. The key references for the basics of the 

input-output table are Miller and Blair (2009) and Carter (2001), while materials on metric 

space and norm mainly come from Cheney (2001). 

 

Assumption 4 (Strictly positive value added). For all 𝑗 =  1, … , 𝑛, we have 𝑣𝑗 > 0. 

 

 
2 We rephrase the assumption to conform to the dimension of the linear system in this appendix. 
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B2. A complete normed linear space 

 

We first describe the space we are working in. The space of all 𝑛 × 𝑛 real matrices by 

ℝ𝑛×𝑛  (paired with the scalar field ℝ) is a vector space, provided that addition and scalar 

multiplication on the space are defined in the usual way. Unless specified otherwise, all scalars 

or constants referred to in this appendix are real numbers. 

 

Theorem 5. ℝ𝑛×𝑛 is finite-dimensional. 

Proof. ℝ𝑛×𝑛 is isomorphic to ℝ𝑛𝑛 and so they have the same dimension. It is clear that the 

dimension of ℝ𝑛𝑛 is 𝑛2.                                                                                                              

 

Let ∥⋅∥ be a norm, then the pair (ℝ𝑛×𝑛, ∥⋅∥) forms a normed linear space. The fact that 

ℝ𝑛×𝑛 is finite-dimensional is helpful because of the following theorem. 

 

Theorem 6. Every finite-dimensional linear space is complete, i.e. a Banach space. 

 

To prove this, we first present a useful lemma regarding the norm of an element from 

the span of an independent list of vectors. 

 

Lemma 7. Let 𝑆 = {𝐱1, 𝐱2, … , 𝐱𝑛} be a linearly independent list of vectors in a normed linear 

space. There exists a constant 𝑐 > 0 such that for every 𝐱 ∈ span𝑆, 

∥ 𝐱 ∥≥ 𝑐(|α1| + |α2| + ⋯+ |α𝑛|), (𝐵3) 

 

where α𝑖 , 𝑖 =  1, … , 𝑛 , represent the appropriate constants such that 𝐱 = ∑ α𝑖𝐱𝑖
𝑛
𝑖=1  and |⋅| 

refers to the absolute value. 

Proof. We will prove by contradiction. Suppose having such a 𝑐 is not possible. Then for any 

𝑐 > 0, we can find a 𝐲 in span𝑆 such that: 

∥ 𝐲 ∥< 𝑐∑ |α𝑖|
𝑛

𝑖=1
. (𝐵4) 

 

Specialising 𝑐 =
1

𝑚
, we construct a sequence (𝐲𝑚) in span𝑆 such that 

∥ 𝐲𝑚 ∥<
1

𝑚
∑ |α𝑖

𝑚|
𝑛

𝑖=1
, (𝐵5) 
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where 𝐲𝑚 = ∑ α𝑖
𝑚𝐱𝑖

𝑛
𝑖=1 . Divide both sides by ∑ |α𝑖

𝑚|𝑛
𝑖=1  and call it as 𝐳𝑚: 

𝐳𝑚 ≔
𝐲𝑚

∑ |α𝑖
𝑚|𝑛

𝑖=1

=∑
α𝑖
𝑚

∑ |α𝑖
𝑚|𝑛

𝑖=1

𝑛

𝐼=1
𝐱𝑖 =∑ β𝑖

𝑚𝐱𝑖
𝑛

𝑖=1
. (𝐵6) 

 

By construction, ∥ 𝐳𝑚 ∥<
1

𝑚
 thus lim

𝑚→∞
𝐳𝑚 = 𝟎. Also, ∑ |β𝑖

𝑚|𝑛
𝑖=1 = 1 for any 𝑚. 

  

 Now let 𝑖 =  1 and consider the sequence (β1
𝑚)𝑚∈ℕ . Notice that |β1

𝑚| ≤ ∑ |β1
𝑚|𝑛

𝑖=1  

implies that −1 ≤ β1
𝑚 ≤ 1 for any 𝑚. It follows that there exists a convergent subsequence 

(β1
𝑚𝑘)

𝑘∈ℕ
 by the Bolzano–Weierstrass Theorem. We will call that limit β1.  

  

 We can repeat this through subsequent 𝑖 =  2, … , 𝑛 in a successive manner to obtain a 

subsequence (𝐳𝑚𝑘) where 

𝐳𝑚𝑘 =∑ β𝑖
𝑚𝑘𝐱𝑖

𝑛

𝑖=1
, (𝐵7) 

 

with the property that for any 𝑖 =  1, … , 𝑛, β𝑖
𝑚𝑘 → β𝑖 as 𝑘 → ∞. This property and the fact that 

∑ |β𝑖
𝑚𝑘|𝑛

𝑖=1 = 1 for all 𝑘 means that 

lim
𝑘→∞

∑ |β𝑖
𝑚𝑘|

𝑛

𝑖=1
=∑ lim

𝑘→∞
|β𝑖
𝑚𝑘|

𝑛

𝑖=1
=∑ |β𝑖|

𝑛

𝑖=1
= 1, (𝐵8) 

 

where the third equality uses the fact that the absolute value is continuous on ℝ with the usual 

metric. Notice also that the limit of the subsequence (𝐳𝑚𝑘) is in the span of 𝑆 because 

lim
𝑘→∞

𝐳𝑚𝑘 = lim
𝑘→∞

∑ β𝑖
𝑚𝑘𝐱𝑖

𝑛

𝑖=1
=∑ β𝑖𝐱𝑖

𝑛

𝑖=1
. (𝐵9) 

 

Recall that lim
𝑚→∞

𝐳𝑚 = 𝟎, and since (𝐳𝑚𝑘) is a convergent subsequence, lim
𝑘→∞

𝐳𝑚𝑘 = 𝟎.  

Finally, because we have ∑ |β𝑖|
𝑛
𝑖=1 = 1, not all β𝑖  are 0. This in turn implies that 𝐱1, … , 𝐱𝑛 

cannot possibly be a linearly independent list. This is the contradiction we seek.                     

 

Lemma 7 is especially useful if the independent list in question is a basis of the vector 

space, as we will see in the following proof of theorem 6. 
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Proof. Let 𝑋 be a finite-dimensional linear space and we will show that Cauchy sequences in 

𝑋 converge. Let (𝐱𝑚) be a Cauchy sequence in 𝑋 and {𝐱1, … , 𝐱𝑛} be a basis of 𝑋. Given ε>

 0, we pick a sufficiently large 𝑀 so that for 𝑚, 𝑘 ≥ 𝑀, we have: 

∥ 𝐱𝑚 − 𝐱𝑘 ∥< 𝜀. (𝐵10) 

 

Using Lemma 7, we know that there exists a 𝑐 >  0 such that for any 𝐱 ∈ 𝑋, 

∥ 𝐱 ∥≥ 𝑐 (∑ |α𝑖|
𝑛

𝑖=1
) , (𝐵11) 

 

where 𝐱 = ∑ α𝑖𝐱𝑖
𝑛
𝑖=1 . Then, we have 

∥ 𝐱𝑚 − 𝐱𝑘 ∥≥ 𝑐 (∑ |α𝑖
𝑚 − α𝑖

𝑘|
𝑛

𝑖=1
) , (𝐵12) 

 

where α𝑖
𝑚 and α𝑖

𝑘 are appropriate constants given the basis. Combining these two observations, 

we have 

|α𝑖
𝑚 − α𝑖

𝑘| ≤ (∑ |α𝑖
𝑚 − α𝑖

𝑘|
𝑛

𝑖=1
) <

ε

𝑐
(𝐵13) 

 

for any 𝑖. Thus, (α𝑖
𝑚)𝑚∈ℕ is a Cauchy sequence in ℝ which converges since ℝ is complete. 

Since 𝐱𝑚 = ∑ α𝑖
𝑚𝐱𝑖

𝑛
𝑖=1 , consider the limit as 𝑚 → ∞: 

lim
𝑚→∞

𝐱𝑚 = lim
𝑚→∞

∑ α𝑖
𝑚𝐱𝑖

𝑛

𝑖=1
=∑ lim

𝑚→∞
α𝑖
𝑚𝐱𝑖

𝑛

𝑖=1
=∑ α𝑖𝐱𝑖

𝑛

𝑖=1
. (𝐵14) 

 

So lim
𝑚→∞

𝐱𝑚 is in 𝑋, as desired. Therefore, 𝑋 is complete.                                                          

 

Combining Theorems 5 and 6 immediately yields the following: 

Corollary 8. (ℝ𝑛×𝑛, ∥⋅∥) is a Banach space. 

 



 

22 

 

B3. Defining the operator norm 

 

To provide structure for subsequent discussion, the specific normed linear space we 

will use in this appendix is ℝ𝑛×𝑛 paired with the operator norm, which in turn is defined as 

∥ 𝐴 ∥≔ sup{ ∥ 𝐴𝐱 ∥1: ∥ 𝐱 ∥1≤ 1}, (𝐵15) 

 

where 𝐴 ∈ ℝ𝑛×𝑛  and 𝐱 ∈ ℝ𝑛 . It is a routine exercise to show that it is indeed a norm and 

therefore the proof is left to the reader. From the definition, it is clear that the operator norm of 

a matrix is induced by the 𝑙1-norm, ∥⋅∥1, on the vector it transforms. For completeness, we state 

the 𝑙1-norm here: 

∥ 𝐱 ∥1=∑ |𝑥𝑖|
𝑛

𝑖=1
. (𝐵16) 

 

The advantage of using the operator norm is that it is very straightforward to calculate 

as we show in the following theorem–it is just the maximum column sum of absolute terms of 

a matrix. 

 

Theorem 9 (Operator norm is maximum column sum of absolute terms). Let 𝐴 ∈ ℝ𝑛×𝑛, then, 

∥ 𝐴 ∥= max
𝑘=1,…,𝑛

∑ |𝑎𝑖𝑘|
𝑛

𝑖=1
, (𝐵17) 

 

where 𝑎𝑖𝑘 refers to the element in the 𝑖-th row and 𝑘-th column of 𝐴. 

Proof. Pick any 𝐱 in ℝ𝑛 where ∥ 𝐱 ∥1≤ 1, it has a unique representation: 

𝐱 = 𝑥1𝐞1 +⋯+ 𝑥𝑛𝐞𝑛, (𝐵18) 

 

where {𝐞𝑖: 𝑖 = 1, … , 𝑛} is the standard basis and 𝑥1, … , 𝑥𝑛 are appropriate real numbers. Since 

𝑛 is a finite number, without loss of generality, suppose the 𝑘-th column of 𝐴 satisfies 

∥ 𝐴𝐞𝑖 ∥1≤ ∥ 𝐴𝐞𝑘 ∥1 (𝐵19) 

 

for 𝑖 =  1, … , 𝑛. We will show explicitly that ∥ 𝐴𝐞𝑘 ∥1 is also an upper bound of ∥ 𝐴𝐱 ∥1: 

∥ 𝐴𝐱 ∥1 = ∥ 𝐴(𝑥1𝐞1 +⋯+ 𝑥𝑛𝐞𝑛) ∥1 (𝐵20) 

≤ |𝑥1| ∥ 𝐴𝐞1 ∥1+⋯+ |𝑥𝑛| ∥ 𝐴𝐞𝑛 ∥1 

≤ |𝑥1| ∥ 𝐴𝐞𝑘 ∥1+⋯+ |𝑥𝑛| ∥ 𝐴𝐞𝑘 ∥1 

≤ ∥ 𝐴𝐞𝑘 ∥1, 
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where the second inequality is due to standard properties of a norm, namely positive 

homogeneity and the triangle inequality. The last inequality uses ∥ 𝐱 ∥1≤ 1. Since ∥ 𝐞𝑘 ∥1≤ 1, 

we have shown that this upper bound ∥ 𝐴𝐞𝑘 ∥1= ∑ |𝑎𝑖𝑘|
𝑛
𝑖=1  is a member of the set  

{∥ 𝐴𝐱 ∥1: ∥ 𝐱 ∥1≤ 1}, so we are done.                                                                                                           

 

We present one more property of the operator norm. 

 

Theorem 10. The operator norm is submultiplicative, that is, let 𝐴 and 𝐵 be from ℝ𝑛×𝑛, we 

have: 

∥ 𝐴𝐵 ∥≤∥ 𝐴 ∥∥ 𝐵 ∥. (𝐵21) 

 

Proof. Without loss of generality, let column 𝑘 of 𝐴𝐵 yields the maximum column sum in 

absolute value while 𝐴 and 𝐵 attain theirs in columns 𝑙 and 𝑚 respectively. By Theorem 9, we 

can examine the sum of column 𝑘 of 𝐴𝐵 in absolute value directly: 

∥ 𝐴𝐵 ∥ =∑ |∑ 𝑎𝑖𝑗
𝑛

𝑗=1
𝑏𝑗𝑘|

𝑛

𝑖=1
(𝐵22) 

≤∑ ∑ |𝑎𝑖𝑗𝑏𝑗𝑘|
𝑛

𝑗=1

𝑛

𝑖=1
 

=∑ ∑ |𝑎𝑖𝑗𝑏𝑗𝑘|
𝑛

𝑖=1

𝑛

𝑗=1
 

=∑ (|𝑏𝑗𝑘|∑ |𝑎𝑖𝑗|
𝑛

𝑖=1
)

𝑛

𝑗=1
 

≤ (∑ |𝑏𝑗𝑚|
𝑛

𝑗=1
) (∑ |𝑎𝑖𝑙|

𝑛

𝑖=1
) 

= ∥ 𝐴 ∥∥ 𝐵 ∥ , 

 

where we use the triangle inequality in the second inequality.                                                   
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B4. The Neumann Theorem 

 

We are now ready to present the main theorem that gives the Leontief inverse matrix 𝐵 

a geometric series representation; it is commonly referred to as the Neumann Theorem. 

 

Theorem 11 (The Neumann Theorem). If ∥ 𝐴 ∥ < 1, then (𝐼 − 𝐴)−1 can be expressed as 

(𝐼 − 𝐴)−1 = 𝐼 + 𝐴 + 𝐴2 + 𝐴3 +⋯ =∑ 𝐴𝑘
∞

𝑘=0
. (𝐵23) 

 

Proof. We first show that ∑ 𝐴𝑘
∞

𝑘=0  converges. Denote the partial sum 𝐵𝑛 = ∑ 𝐴𝑘𝑛
𝑘=0 . By 

definition, ∑ 𝐴𝑘
∞

𝑘=0  converges if and only if (𝐵𝑛) converges.  

 

By Corollary 8, to show that (𝐵𝑛) converges, it suffices to show that (𝐵𝑛) is Cauchy. 

Without loss of generality, let 𝑚 >  𝑛 and consider ∥ 𝐵𝑚 − 𝐵𝑛 ∥: 

∥ 𝐵𝑚 − 𝐵𝑛 ∥ = ∥ ∑ 𝐴𝑘
𝑚

𝑘=𝑛+1
∥ (𝐵24) 

≤ ∥ ∑ 𝐴𝑘
∞

𝑘=𝑛
∥ 

≤∑ ∥ 𝐴𝑘 ∥
∞

𝑘=𝑛
 

≤∑ ∥ 𝐴 ∥𝑘
∞

𝑘=𝑛
 

= ∥ 𝐴 ∥𝑛 ∑ ∥ 𝐴 ∥𝑘
∞

𝑘=0
 

=
∥ 𝐴 ∥𝑛

1−∥ 𝐴 ∥
 , 

 

where the third line is due to triangle inequality, the fourth line is due to Theorem 10, and the 

final line is due to the fact that ∥ 𝐴 ∥<  1. 

 

Now let ε > 0 be given. Since ∥ 𝐴 ∥< 1, there exists a natural number 𝑁 such that  𝑛 ≥

𝑁 implies ∥ 𝐴 ∥𝑛< (1−∥ 𝐴 ∥)𝜀. This in turn implies that for 𝑚, 𝑛 ≥ 𝑁, ∥ 𝐵𝑚 − 𝐵𝑛 ∥ < ε, so 

(𝐵𝑛) is Cauchy and converges to a limit which we will denote as 𝐵. Thus, 
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lim
𝑛→∞

𝐵𝑛 = lim
𝑛→∞

∑ 𝐴𝑘
𝑛

𝑘=0
=∑ 𝐴𝑘

∞

𝑘=0
= 𝐼 + 𝐴 + 𝐴2 + 𝐴3 +⋯ = 𝐵 . (𝐵25) 

 

We still need to show that 𝐵 = (𝐼 − 𝐴)−1. But it is straightforward since 

𝐴(𝐼 + 𝐴 + 𝐴2 +⋯) = 𝐴𝐵 ⟹ 𝐵 − 𝐼 = 𝐴𝐵 ⟹ (𝐼 − 𝐴)𝐵 = 𝐼. (𝐵26) 

 

And similarly, 

(𝐼 + 𝐴 + 𝐴2 +⋯)𝐴 = 𝐵𝐴 ⟹ 𝐵 − 𝐼 = 𝐵𝐴 ⟹ 𝐵(𝐼 − 𝐴) = 𝐼. (𝐵27) 

 

Therefore, 𝐵 is the inverse of (𝐼 − 𝐴), as desired.                                                                      

 

In the context of input-output analysis, Theorem 11 tells us that so long as  ∥ 𝐴 ∥<  1, 

the Leontief inverse matrix is defined. So what will ensure that ∥ 𝐴 ∥<  1? We will continue 

to denote the value-added coefficient by 𝑣𝑗 . 

 

Theorem 12. If 𝑣𝑗 > 0 for all 𝑗, then ∥ 𝐴 ∥<  1. 

Proof. Based on Equation (2), the value-added coefficient 𝑣𝑗 = 1 − ∑ 𝑎𝑖𝑗
𝑛
𝑖=1 . By hypothesis, 

𝑎𝑖𝑗 ≥ 0. Therefore, 𝑣𝑗 > 0 implies that  ∑ 𝑎𝑖𝑗
𝑛
𝑖=1 = ∑ |𝑎𝑖𝑗|

𝑛
𝑖=1 < 1 for all 𝑗. By Theorem 9,  

∥ 𝐴 ∥<  1.                                                                                                                                    

 

So, if we assume that the value added ratio of every participant of the input-output 

system is positive, then we are done. This is precisely what Assumption 4 ensures. As 

mentioned earlier, the existence of 𝐵 does not necessarily imply that the solution 𝐱 to the 

system 𝐱 = 𝐵𝐲 is non-negative. However, this concern is also addressed by Theorem 11. 

Recall that the matrix 𝐴  contains only non-negative entries in the context of input-output 

analysis. 

 

Corollary 13. Suppose ∥ 𝐴 ∥ <  1. Then 𝐱 = (𝐼 − 𝐴)−1𝐲 is also non-negative. 

Proof. By Theorem 11, we have 𝐱 = (𝐼 − 𝐴)−1𝐲 = (𝐼 + 𝐴 + 𝐴2 + 𝐴3 +⋯)𝐲. By hypothesis, 

both 𝐴 and 𝐲 contain non-negative entries, then the solution 𝐱 must be non-negative.             
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Data Appendix 

 

C1. Gross exports of China to trading partners 

 

Table C1: Gross exports of China to trading partners in 2022 

Trading partner Gross exports DVA DVA / Gross exports DADVA / Gross exports RXDVA / Gross exports 

United States 492.39 411.31 83.53% 79.98% 3.55% 

Japan 203.54 169.78 83.41% 70.54% 12.88% 

Germany 175.70 143.97 81.94% 64.38% 17.56% 

South Korea 164.92 135.16 81.95% 55.75% 26.20% 

United Kingdom 126.69 106.09 83.74% 73.16% 10.58% 

Mexico 122.81 98.76 80.42% 35.11% 45.32% 

Vietnam 119.47 95.81 80.20% 37.12% 43.09% 

India 116.02 94.82 81.72% 70.02% 11.70% 

Australia 81.73 67.29 82.33% 75.53% 6.81% 

Canada 80.76 67.25 83.27% 70.45% 12.82% 

Thailand 73.24 59.47 81.20% 52.38% 28.82% 

Taiwan 71.87 58.14 80.90% 48.22% 32.68% 

Indonesia 70.02 57.31 81.86% 71.53% 10.33% 

Brazil 70.74 57.28 80.97% 70.68% 10.29% 

Italy 65.67 54.70 83.30% 62.89% 20.41% 

Russia 63.10 52.14 82.63% 74.58% 8.05% 

France 61.76 52.09 84.35% 68.23% 16.12% 

United Arab Emirates 62.57 48.36 77.30% 49.49% 27.80% 

Spain 52.59 44.12 83.90% 66.85% 17.05% 

Malaysia 54.08 43.95 81.27% 45.88% 35.39% 

Poland 44.48 36.99 83.16% 60.26% 22.89% 

Saudi Arabia 42.88 35.26 82.23% 75.79% 6.44% 

Singapore 40.97 34.63 84.52% 32.19% 52.33% 

Turkey 40.27 32.81 81.47% 67.95% 13.52% 

Hong Kong SAR China 34.26 29.35 85.65% 68.84% 16.81% 

Philippines 32.69 26.01 79.55% 66.47% 13.08% 

Chile 27.29 22.88 83.82% 75.69% 8.12% 

Bangladesh 25.49 21.34 83.75% 73.26% 10.49% 

Netherlands 23.39 19.47 83.26% 58.17% 25.09% 

South Africa 23.17 18.93 81.73% 64.08% 17.65% 

Switzerland 21.01 17.65 84.03% 58.81% 25.23% 

Nigeria 20.61 17.08 82.86% 78.24% 4.62% 

Colombia 20.25 16.51 81.55% 75.13% 6.42% 

Czechia 19.85 16.03 80.77% 50.52% 30.24% 

Peru 17.23 14.27 82.81% 74.03% 8.78% 

Argentina 16.75 13.74 82.00% 75.17% 6.83% 

Austria 15.73 13.04 82.90% 59.42% 23.48% 

Sweden 14.57 12.44 85.38% 67.67% 17.71% 

Israel 14.33 12.17 84.88% 71.74% 13.14% 

Cambodia 14.58 12.17 83.52% 55.47% 28.05% 

Source: Author’s computations based on OECD Inter-Country Input-Output Database 2025. 

Note: An extended version of Table 4. For details, refer to the note there. 
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C2. Chinese gross exports and DVA at the industry level 

 

We present the industry-level breakdown of Chinese gross exports to the US in Table 

C2. Chinese DVA as a share of exports to the US at the industry level is presented in Table C3 

and visualised as a heatmap in Figure C1. 

 

The industry level DVA is defined as follows. We index China by 𝑠 and the US by 𝑟. 

The DVA embodied in gross exports to the US by industry 𝑘 is given by: 

𝐷𝑉𝐴𝑠𝑟(𝑘) =∑ 𝑣𝑠(𝑗)𝐵𝑠𝑠
!𝑠(𝑗, 𝑘)

𝑁

𝑗=1
𝑒𝑠𝑟(𝑘), (𝐶1) 

 

where 𝑣𝑠(𝑗) is the 𝑗-th element of the value-added coefficient vector for China, 𝐯𝑠
′, 𝐵𝑠𝑠

!𝑠(𝑗, 𝑘) is 

the (𝑗, 𝑘)-th element of the extracted Leontief inverse 𝐵𝑠𝑠
!𝑠  shown in (14). Likewise, 𝑒𝑠𝑟(𝑘) is 

the 𝑘-th element of the bilateral export vector 𝐞𝑠𝑟. 

 

Consistent with stylised facts, the “Electronics and Optical Manufacturing” industry 

has a lower DVA ratio than other manufacturing sectors. It stayed below 60% from 2003 to 

2007 and rose to around 70% post-2014. Despite the increase, this is still much lower than 

sectors such as “Agriculture and Hunting” whose DVA ratio is consistently above 90%. 

 

There is a caveat to keep in mind when interpreting industry-level data. The DVA ratio 

at the industry level is very sensitive to the absolute size of gross exports of the industry 

concerned. For instance, service-oriented industries such as “Real Estate”, “Arts and 

Recreation” and “Public Admin and Defense” have very high DVA ratios due to the low gross 

exports from these industries. 
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Figure C1: Heatmap of Chinese DVA as a share of exports to the US 

 
Source: Author’s computations based on OECD Inter-Country Input-Output Database 2025. 

Note: The underlying data for this heatmap is presented in Table C3. Darker shades correspond to a higher DVA 

share of Chinese exports to the US. Sectors with a low gross export volume can have a very high DVA ratio, e,g. 

“Public Admin and Defense”. 
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