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supply chains as a basis for economics?

supply chain networks allow us to see the economy at
an “atomistic” scale
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supply chains as a basis for economics?

temporal resolution of supply chain networks allows us

to watch what happens at the level where decisions are
made

- see physical substrate of practically all aspects of
the economy
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what could benefit from atomic view?

optimal allocation of resources?
efficiency of markets vs planning: reopen Mises—Hayek debate
price formation in various (limited) markets?

where and how does wealth creation and distribution happen?
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what iIs economics?

economics typically has to work with aggregates of
agents (e.g. households, firms, buyers, sellers), their
behavior, and their interactions

x*

Complexity
Science*Hub



https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE



https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE



https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE

supply chain networks are not yet an economy

supply chain networks are only snapshots of networks
economy: constantly changing

-> have to understand the dynamics of supply networks
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how to arrive at an “atomistic” economics?
necessary ingredients:

supply chain networks / production networks

production functions of individual firms: must be
estimated

substitution/replacement dynamics — how do firms
substitute for lost suppliers? must be modeled

prices
believes / trends / hearding *
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1. reconstruct supply chain-NWs
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flows of goods and services

(a) product type, p; (D) Weg(t) = fo(Wae(t) + Wye(0), W (1))
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data

* supply networks within countries are visible in national
payment- or VAT data

« who ships what and how much to whom? (volume of
suppler-buyer relations: monetary / real)

x*

Complexity
Science*Hub



https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE

how to reconstruct supply chains form other data”

a) from payment flows

b) from communication networks

c) from company information (linking data sets)
d) historical internet data (e.g. common crawl)
e) inference / entropy methods
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next ingredient

2. production functions
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production functions = powergraphs

sets of inputs = set of outputs

(@) Q1 2+ 0y — min(ay,0;) TE (b) o [f)+ 0[] — (a1+ o) [&]

Leontieff linear Cobb-Dougkas
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every firm has production function

we use a Generalized Leontieff Production Function

. ) 1 1 1 1
X; = min | min [ H;k], fi + — Z IL,, —1I;, —c¢;
kejfs afk ai ke.ghe ali aC'

l

* a, technologically determined coefficients
* [, production level possible without non-essential inputs, k€7,
* a,chosen to interpolate between full production level (with all

inputs) and g, *
 a and [ determined by W, 7., and 7, g
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production functions

depend on industry (e.g. at NACE 4 level)
parameters taken from data
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next ingredient

3. replacement dynamics

x*

Complexity
Science*Hub



https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE

how do companies substitute lost suppliers?

assume: companies with low market share easy to replace;
firms with high market share hard to replace

inverse “substitutability”

s9U(0) 1
Py S?ut(o)h?(t)épz,pj a

« proxy for how replaceable firm j is for its customers
 firms with low market share are replaceable to certain e

* firms with market shares >50% not replaceable in shor§ &,
Science*Hub

6;(f) = min



https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE

models of virtual economy

-> can now turn supply chain data
into “1:1 agent-based model”
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what can be done better now — with 1:1 model?

non-linear 10 analysis on most granular level
growth predictions

origin of inflation (once price info is included)
quantify efficiency / resilience / collapse
basic provisions planning vs. markets

planning change: green transition

inflation of financial risks (e.g. credit default risk)
identify systemic risks

global flows of systemic risk

potential of circular economy
link to labor economics

link to complexity economics (e.g. more realistic “product space”) gg{:ﬂi’:.tﬁub
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resilience of economy: systemic risk
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with “atomistic” economy
compute a Systemic Risk Index: ESRI for all firms

ESRI quantifies effect of default of one firm on all
other firms in the supply chain network:

upstream: suppliers, suppliers of suppliers, etc.
downstream: customers, customers of customersletc.
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Economic Systemic Risk Index

t
S;out .. proxy for volume of sales Complexity
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systemic relevance / resilience of economy
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“systemic core” of the economy

criticality in %

03/0 25% 50% 75% 100%
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financial risk from firm-loans
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multi-layer: economic & financial NWs
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multi-layer data

four micro-data sets of the Central Bank of Hungary

1. VAT data of supplier-buyer relations between all firms in HUN
2. balance sheets and income statements of firms

3. loans of banks to firms

4. CET1 equity of banks

240,000 firms, 27 banks, 1.1 million supply links, 25,000 logns
for 2019 ;
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balance sheets

Assets

Table 1: Stylized balance sheet and income statement of firm, .

Liabilities

Short term assets (a;)
Inventory

Fixed assets

Other assets

Accounts payable (s;)

Other liabilities

Equity (z;)

Profit (p;)
Other equity

Operational profit
+ Revenues (r;)
— Material costs (c;)

Non-operational profit (o;)

+ Other income
— Other costs

Total Assets

Total Liabilities

Net Profit (p;)

profit-change due to supply chain effect

Ap; (hi(T)) = pi — pi = (1 = hi(T)) (i — i)
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default 2> FSRI

default indicator
)1 if (z;—Ap;) <0 or (a;i—s;i—Ap;)<0
X0 if (-Ap)>0 and (a; —s; — Ap;) >0

- specify LGD, k
- losses for specific shock scenario,w
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Financial Systemic Risk Index
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COVID-19 shock scenario

COVID-19 shock: reduce firms’ production levels in Q1 of
2020, as in monthly firm-level employment data. Data contains
monthly information about the number of employees for
160,000 firms

Synthetic COVID-19 shock: generate 1000 independent
scenarios wher individual firms are shocked randomly under
the constraint that at the NACE 2 aggregation level the sh%is

equivalent to the real reduction
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massive risk amplification due to SCN
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financial vs production losses in sectors
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how beneficial is rescuing firms?

(@)% (b)
0 2
£ £
=5 / =Y |
5 e 52
2] / [72) -
= =
o o
o7 / o T /
y = el
= , =
= o c
© ! © -
oF o7
-'...l-l_.l..u —.B.l....l.l.l. 1 -.-_...uJ._iﬁ......J. L -lﬁu.-‘.q’- Luug .--._L.l-.z FATATT ] _.B.uu_.t Lasiod _.6--.._L L ¢-1+...¢_-:‘;.11._. L --u..l_z
10 10 10 10 10 10 10 10 Complexity
financial gaps of solvent firms financial gaps of insolvent firms  gciencexHub

o


https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE

summary

« networks do matter in the economy: real and financial

« relevant scale: firms

« markets do not necessarily make economy resilient — might create SR

« some level of planning might be necessary to tackle big challenges ahead
« - realistic predictive models of economy are necessary

 ingredients: value creation NWs of all agents, production functions,
substitution dynamics

« in combination with understanding "human factor” and institutions -
rethinking economics possible

* many applications: basic provisioning, economic planning, green transition,
defense

« combining with other data: labor markets, trade, waste, material flow .
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multi-layer contagion spreading

1.

2.

quantify propagation of production disruptions
iIn SCN after firm failure

update equity and liquidity buffers of firms in
response to reduced production levels. Check if
firms are illiquid/insolvent and default on loans

. update bank equity buffers by writing off the

loans of initially failed firms, and those
defaulted due to SCN contagion

Complexity
Science*Hub


https://www.google.com/url?sa=i&url=https%3A%2F%2Fcsh.ac.at%2F&psig=AOvVaw1GQTHCNDv_ac0ApWZG-cLq&ust=1711379376030000&source=images&cd=vfe&opi=89978449&ved=0CBIQjRxqFwoTCMDyupaXjYUDFQAAAAAdAAAAABAE

need for new institutions?

supply-chain institutes on international level that
create space for this symbiosis

» data / technology
 policy / legal
* science

https://ascii.ac.at *
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