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Building an alliance to map global supply networks 
A better understanding is key to resolving major societal challenges 
By Anton Pichler1,2, Christian Diem1,2, Alexandra Brintrup3, François Lafond4, Glenn Magerman5, Gert Buiten6, Thomas Y. Choi7,                             

Vasco M. Carvalho8,9,10, J. Doyne Farmer4,11, Stefan Thurner1,12,11,13

The global economy consists of more 
than 300 million firms, connected 
through an estimated 13 billion sup-
ply links (see supplementary materi-
als), that produce most goods and ser-
vices. It has long been unthinkable to 
analyze the world economy at the 
firm level, even less so its intricate 
network of supply chain linkages. 
This blind spot has left us ill-prepared 
to make fast and well-informed deci-
sions, begetting, for example, pro-
longed shortages in raw materials and 
critical medical supplies during the 
COVID-19 pandemic. Now, the 
availability of new data and recent 
methodological advances allow us to 
reconstruct a large share of the global 
firm-level supply network. Since 
mapping this network is likely to con-
tinue to improve, it is essential to ini-
tiate a discussion about responsible 
management and effective use of this 
data for the global public good. This 
requires new collaborative efforts be-
tween nations, their public institu-
tions, international organizations, the 
private sector, and scientists. 

Potential applications of a global 
supply chain map include monitoring 
and improved management of the 
green transition, reducing tax evasion 
and corruption, strengthening human 
rights through supply chain transpar-
ency, identifying and monitoring 

systemic risks and systemically im-
portant firms, and the design of glob-
ally secure basic provisioning sys-
tems for food and medication. 
Toward such ends, research has con-
tributed to a better understanding of 
the functioning of supply chains, yet 
has been constrained by data limita-
tions. While highly granular data are 
available for single “focal” firms 
where the direct suppliers and cus-
tomers are known, such data are not 
connected to the rest of the economy, 
and no network perspective is possi-
ble. In contrast, when looking at how 
supply chains affect economy-wide 
phenomena such as GDP, business 
cycles, or inflation, one is typically 
constrained to highly aggregated data 
in the form of input-output relation-
ships between a few dozen industrial 
sectors. 

Until now, such data limitations 
made it impossible to integrate gran-
ular product- and firm-level expertise 
with macro-level, economy-wide 
perspectives. Recently, high-resolu-
tion maps of firm-level supply net-
works have been charted for individ-
ual economies (1). However, since 
they are not connected, the global im-
age – the one that really counts in a 
globalized economy – remains frag-
mented. Even national maps are typi-
cally unavailable to researchers and 
policymakers, limiting their potential 
usefulness for addressing societal 
problems.  

 
A NEED FOR GLOBAL 
NETWORK DATA 
In 2021, supply disruptions caused an 
estimated 2% loss of global GDP 
(roughly 1.9 trillion USD) and sub-
stantially contributed to high inflation 
(2). In a globalized economy, local 
shocks to individual firms can spread 
to geographically distant firms 
through several tiers in the supply 
chain. Spotting such spreading dy-
namics ahead of time is impossible 
with aggregate, industry-level data or 
granular but incomplete supply chain 
data. 

The potential for modeling the 
propagation of economic shocks in a 
detailed manner has been shown for 
individual countries for which large-
scale firm-level supply network data 
is available. For example, in 2011, the 
Great East Japan Earthquake affected 
only four prefectures directly, but the 
economic shocks propagated 
throughout the economy. Based on 
detailed Japanese supply network 
data of several million firm-level sup-
ply links, it was possible to model the 
indirect country-wide economic im-
pacts in much detail (3). 

A new generation of economic 
models becomes possible when cali-
brated to granular supply network 
data, enabling us to address “what-if” 
scenarios for direct use in policy in-
terventions at the micro- and macro-
level. For example, using the detailed 
Japanese dataset, researchers pre-
dicted a recession of 2.2% with a 
probability exceeding 10% if a Tōkai 
Earthquake with magnitude 8+ oc-
curs – which is considered likely in 
the coming decades (3).  

In some countries, value-added tax 
(VAT) data is collected on the level 
of individual trades, allowing us to re-
cover virtually all domestic business-
to-business trades. This data has been 
used to quantify the economic im-
portance of individual firms by mod-
eling their direct and indirect macro-
economic impact in case of failure 
(4). Thus, analogously to financial 
networks, we could leverage detailed 
supply network data to monitor the 
systemic risk levels posed by individ-
ual firms and incorporate this infor-
mation into economic regulation. 

Complex supply relationships are 
also highly susceptible to tax fraud. 
Between 2016 and 2019, the annual 
VAT-related tax gap has been esti-
mated to EUR 120 billion within the 
European Union (EU). “Carousel 
fraud” alone, which involves the in-
tentional circulation of goods among 
companies and countries to avoid 
VAT payments, accounts for around 
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EUR 50 billion in lost tax revenues 
annually. The ability to measure indi-
vidual supply linkages between firms 
could be immensely valuable in de-
tecting and preventing such fraudu-
lent activities. 

As policymakers increasingly rec-
ognize, supply chains are critical for 
ensuring compliance with tax laws, 
human rights, and environmental 
standards. Recent policy initiatives 
such as the U.S. “Uyghur Forced La-
bor Prevention Act” or the EU “Sup-
ply Chain Act” aim to hold compa-
nies accountable for monitoring and 
upholding social and environmental 
standards throughout their supply 
chain. 

Managing the transition to a car-
bon-neutral economy requires a de-
tailed understanding of supply chain 
relationships. Due to the lack of data, 
it is currently impossible to accu-
rately assess and monitor the carbon 

intensity of products and indirect 
emissions caused by individual firms. 
Deploying new green technologies 
on a large (global) scale while phas-
ing out fossil technologies will drasti-
cally “rewire” the supply network, re-
sulting in heterogeneous 
geographical impacts on employ-
ment, energy prices, and financial sta-
bility. These changes will create new 
geopolitical dependencies and shift 
vulnerabilities in economic produc-
tion by introducing new critical mate-
rials. 
 
A NEW ERA OF MICRO-DATA 
Until very recently, supply network 
data has been limited to a few hun-
dred firms or industries (traditional 
input-output tables). Only in the past 
decade, a supply network data revo-
lution has started with several inde-
pendent lines of progress, including 
payment data, VAT data, and various 

reconstruction methods. Through 
these efforts, the scope of supply 
chain data could be increased by sev-
eral orders of magnitude (see Fig. 1). 

The ongoing expansion of supply 
chain data is also driven by the pri-
vate sector. As demonstrated by re-
cent investments in supply chain ana-
lytics firms worth hundreds of 
millions USD, a better understanding 
of supply dependencies is highly val-
ued information. Datasets collected 
by firms providing business intelli-
gence services can be extensive, in-
cluding over 200K firms with more 
than 500K supply linkages (1), and 
have proven vastly useful for recon-
structing supply chain relationships. 
These datasets are derived from a 
wide range of sources, including 
credit rating agencies, firm disclo-
sures on public filings, business re-
ports, capital market presentations, 
and press releases. Limitations of 
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commercial datasets include a bias to-
wards large publicly listed firms, un-
certain quality assessment, and the 
lack of methodological transparency 
(5). 

To overcome some of these issues, 
payment data and bank transaction 
data have recently been tapped to re-
construct supply linkages between 
firms (6). However, this data is typi-
cally not readily available for re-
search or supporting policy making, 
and it can be challenging to reliably 
extract supply dependencies from 
payment data. 

The most complete information on 
firm-level supply networks that exists 
today comes from administrative 
VAT records. Out of the 170 coun-
tries that collect VAT, researchers 
have mapped virtually all domestic 
trades between firms for Belgium, 
Chile, Kenya, Turkey, Ecuador, 
Costa Rica, Uganda, Hungary, Spain, 
Rwanda, multiple states of India, and 
the Dominican Republic, and similar 
efforts are ongoing for further coun-
tries. These datasets represent an un-
precedented window into the micro-
structure of buyer-customer relation-
ships that enable us for the first time 
to characterize entire national econo-
mies as complex supply networks (7, 
8). 

These datasets show that individ-
ual firms can have tens of thousands 
of suppliers, which themselves are 
connected to a vast network of supply 
linkages.  Because firms can only ob-
serve their direct suppliers and cus-
tomers, it is very difficult for them to 
reconstruct the upper tiers of their 
supply chains. Instead, utilizing al-
ready collected tax data could provide 
a very extensive picture without addi-
tional administrative burdens for 
companies. 

 
A MAPPING BLUEPRINT 
Even though VAT data enables us to 
reconstruct complete domestic sup-
ply networks at the firm level, it is 
necessary for many, if not most, es-
sential applications to combine these 
for different countries. Securing the 
provision of critical goods, monitor-
ing human rights, fighting cross-bor-
der tax fraud, and monitoring the car-
bon footprint of individual products 
will remain ineffective without a 
granular, comprehensive, and inter-
national map of supply linkages. 

Extending the detailed domestic 
supply networks across country bor-
ders requires regionally and interna-
tionally coordinated strategies at the 
same time. First, it is necessary to col-
lect the domestic firm-to-firm trades 
via granular VAT records, e.g., using 
e-invoicing. Such systems can even 
reduce administrative burdens borne 
by firms and substantially contribute 
to tax compliance (9). Thus, treasur-
ies and tax offices should have strong 
incentives to do this. Several coun-
tries have already successfully imple-
mented efficient reporting standards 
that can serve as role models for oth-
ers (see SM). Notably, among those 
countries, there are several small and 
developing economies with limited 
resources, demonstrating the tech-
nical and economic feasibility of col-
lecting firm-level supply network 
data through VAT records. 

The next step requires connecting 
different countries based on trade 
data. In the EU, the firm-level trade of 
goods between member states is col-
lected by the individual countries and 
reported to the EU Intrastat system. If 
the EU were to extend this data to all 
goods and services and merge it with 
the domestic VAT data, this could re-
sult in the first comprehensive multi-
country firm-level supply network, 
representing nearly 20% of world 
GDP. In fact, the recent proposal 
“VAT in the digital age” (ViDA) by 
the European Commission could pro-
vide the legal framework and set a 
new international standard.  

The EU could even further enlarge 
its map of supply dependencies to 
partially include non-member coun-
tries by merging its supply network 
data with customs data. Customs data 
features excellent coverage and detail 
on international firm-level trade and 
has already been linked with domes-
tic VAT-based supply networks (10). 
The supply network of EU firms and 
their linkages to non-EU trading part-
ners would yield a granular view into 
supply chain dependencies covering 
almost 40% of global trade. 

A strategy to reconstruct the EU 
firm-level supply network could pro-
vide a blueprint for other economic 
and trade communities like Mer-
cosur, the East African Union, or the 
Association of Southeast Asian Na-
tions. Various Latin American, Afri-
can, and Asian countries, including 

China and several states of India, al-
ready have the relevant data collec-
tion procedures in place. One of the 
major countries that does not collect 
VAT is the U.S. However, the U.S. is 
fairly well-covered in most commer-
cial datasets and has extensive com-
modity flow surveys. The U.S. is al-
ready actively developing supply 
chain maps and considering the crea-
tion of a centralized supply chain data 
hub. 

Once the supply networks for dif-
ferent economic blocs are mapped, 
the next step would be to connect 
these, again, via customs and trade 
data. To achieve a coherent database 
of international supply linkages, har-
monized standards on data collection 
and formatting should be developed, 
e.g., by building on some of the best 
practices provided by individual 
countries. Just like what happened for 
the development of national ac-
counts, such standardization efforts 
could be coordinated by international 
organizations like the UN, the Inter-
national Monetary Fund (IMF), the 
World Bank, or the Organisation for 
Economic Co-operation and Devel-
opment (OECD). A big advantage of 
internationally harmonized economic 
data, such as national accounts, is that 
they can be matched with other rele-
vant datasets, enabling us to analyze 
the interaction of sectoral input-out-
put dependencies with financial and 
environmental accounts or occupa-
tional statistics. A coordinated inter-
national effort could establish such a 
standard at the firm level. 

However, since detailed supply 
chain data is highly sensitive, it will 
not be shared between regions with 
strained economic and political rela-
tionships in the foreseeable future. 
Thus, it is critical to develop suitable 
strategies for filling in the blind spots. 
Commercial datasets paired with net-
work reconstruction methods can be 
used for reconstructing critical inter-
national supply chain dependencies. 
In recent years, much progress has 
been made in reconstructing missing 
information in complex networks, but 
these methods need to be carefully 
adapted to the specific context of sup-
ply connections. 

Reconstruction methods for sup-
ply networks involve a mix of eco-
nomic theory, careful accounting, 
combining public and commercial 
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datasets, and state-of-the-art statisti-
cal methods. For example, we know 
a firm is more likely to buy from an-
other firm if they are geographically 
close and have complementary prod-
uct portfolios. If we observe enough 
interesting features of firms, we can 
train machine learning algorithms to 
recognize pairs of firms that are likely 
to trade. Other approaches have built 
on natural language processing, 
knowledge graphs, maximum en-
tropy models, and leveraging tele-
communication data (e.g., 3-11, 12, 
13). As in the past, these and new 
methods will evolve as more data be-
comes available. 
 
A STRONG ALLIANCE 
Drawing a trusted and comprehen-
sive picture of international supply 
linkages that can effectively be used 
for policymaking requires the inte-
gration of multiple datasets, develop-
ing analytical tools, and establishing 
secure infrastructure for storing and 
processing sensitive information. Ad-
vancing this agenda requires a strong 
international alliance of various 
stakeholders, including national gov-
ernments, statistical institutes, inter-
national organizations, central banks, 
the private sector, and the scientific 
community. 

Supply chain data can be weapon-
ized if it gets into the wrong hands 
(14), necessitating the highest stand-
ards for securely storing, sharing, and 
regulating the access and use of the 
data. Statistical offices have already 
developed protocols for providing 
controlled access while maintaining 
strict data security and privacy pro-
tections for national supply networks 
and other types of sensitive data, e.g., 
individual-level data in microdata 
centers. The European Health Data 
Space is another example where 
highly sensitive personal medical 
data will be collected and made avail-
able for research and health policy in 
a trustworthy manner. Similar ap-
proaches should be adopted for inter-
national supply chain data to ensure 
the highest data security and privacy 
standards while enabling meaningful 
use for research and policy.  

As primary users of this data, na-
tional governments would strongly 
benefit and must play a key role in 

data collection and administration. 
The lack of granular economic micro-
data frequently hinders targeted pol-
icy approaches, resulting in ineffec-
tive redistribution of public funds. 
Transparent and safe access to de-
tailed supply network data will enable 
governments to design evidence-
based policies with greater precision. 
For example, such data could be used 
for identifying indirect exposures to 
natural disasters or upstream supply 
chain bottlenecks for critical goods, 
such as medical supplies. In this case, 
governments could take resilience-
enhancing measures like incentiviz-
ing companies to diversify their sup-
pliers. 

Central banks could similarly ben-
efit, as extensive firm-level supply 
network data will considerably im-
prove our understanding of inflation 
dynamics and how the propagation of 
economic shocks affects financial 
stability (e.g., 15). Central banks are 
already at the forefront of working 
with this data and making it accessi-
ble for scientific economic analysis. 
As data availability and methodolog-
ical development progress, they 
could integrate this knowledge into 
monetary policy and financial market 
supervision. 

Currently, there are various inde-
pendent efforts at both the national 
and supranational levels to chart spe-
cific parts of the global supply net-
work. Notable examples include the 
EU proposal for a Directive on corpo-
rate sustainability due diligence, the 
U.S. Supply Chain Disruptions Task 
Force, and the U.K. Department of 
International Trade supply chains re-
silience framework. However, with-
out a concerted approach, these maps 
will remain fragmented and inade-
quate for addressing critical societal 
challenges. International organiza-
tions, including the IMF, the World 
Bank, and the OECD, have consider-
able expertise in harmonizing inter-
national datasets. Thus, they should 
play a key role in scaling up these ef-
forts to the international level.  

Building this alliance would result 
in a comprehensive map of interna-
tional firm-level supply connections. 
This map could serve as a foundation 
for economic analyses and policies 
on both the national and international 

levels. 
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