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Background
 Big data of production (Supplier-Customer) Network

 Observation：year, quarter at most
 Not real-time

 E.g. COVID-19 effect to real economy

T. Yamaguchi et al.,
“Covid-19 Effect Big Data of Bank Remittance”
Shiga University, DP, October 2020
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Sector: Eating & Drinking Services
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T. Yamaguchi et al.,
“Covid-19 Effect Big Data of Bank Remittance”
Shiga University, DP, October 2020
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Sector: Eating & Drinking Services

Sector: Accomodations

Sector: Wholesale & Retail Trade

Sector: Chemical Industry
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Data：Bank Remittance
 Regional Bank: medium-sized, largest in a region (Shiga pref. 1M people)
 All accounts and remittances

Period：2017/March to 2019/July ＝ 29m = 883d
 Firms’ accounts and intra-bank remittances selected

 Accounts = 30K
 Remittances = 2.4M
 #edges = 0.28M
 Amount = 2.15 T ¥ (21.5 B $)
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Construction of “Money Flow” NW

#Nodes= 30,613 = N
#Edges= 280,864 = M
Directed
Weighted：freq. and amount of remittance

Remittances
between
accounts i, j



8Yoshi Fujiwara | BIRS Workshop | 2023/01/31

1. Background
2. Big Data of Bank Remittance among Firms
3. Network Structure

• Topology
• Hodge decomposition
• NMF (non-negative matrix factorization)

4. Implications

Contents



9Yoshi Fujiwara | BIRS Workshop | 2023/01/31

Network Structure
 NW is a sparse graph

Density:= M/(N*(N-1)) = 0.02%
 Heavy-tailed distributions for #souces (in-degree), #destinations (out-degree)
 Positive weak correlation between in-degree and out-degree
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 Heavy-tail also for edge weight = freq.
Presence of stable remittance (monthly, twice a month)

1B¥=10M$

Monthly Twice a month

Period：2017/March to 2019/July＝29 months
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Community structure

 Hierarchical community analysis by Infomap
 Similar to production network in Japan
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“Bowtie” structure of a directed graph
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Strongly connected components (SCC) 
of a directed graph

Giant SCC (GSCC), IN/OUT components
and others

Example
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Giant Strongly
Connected Component

(GSCC)IN OUT

Tendrils

Money flow: “bowtie” structure

Upstream Downstream
Core
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Bow-tie or walnut structure

 Upstream/Downstream/Core of mony flow
 IN/OUT connected to GSCC with short distances
 Similar to production network at a nationwide scale in Japan (ref. )

Q. But how to identify upstream/downstream
and circulation of flow?



Method: Helmholtz-Hodge decomposition (by H. Iyetomi)
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A simple example

Hodge potential

+2/3

0

-2/3
H. von Helmholtz

(physics)
W. Hodge

(math)

Helmholtz-Hodge decomposition applied to network flow
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Adjacency

Definition: Flow (net)

Definition: Weight or strength

Hodge decomposition

Circular flow is divergence-free by definition:

Hodge decomposition for physicists

Flow along each edge
Case: a pair of reciprocal edges

1 2

Yoshi Fujiwara | BIRS Workshop | 2023/01/31
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 Simultaneous linear equations (eigenvalue problem) to determine the potentials:

where Laplacian is given by

N.B. The equations are not independent, corresponding to an arbitrary origin of potential.
i.e. the eigenvalue problem has one trivial solution. 

Let us call each part as follows:

Yoshi Fujiwara | BIRS Workshop | 2023/01/31
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Ex.1
Adjacency Flow

Solve
1

2

3

Potential flow (blue), Loop flow (red)
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Ex.2
Adjacency Flow

Solve
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3

Potential flow (blue), Loop flow (red)Yoshi Fujiwara | BIRS Workshop | 2023/01/31
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Hodge decomposition
 Hodge potential of each account

 Cf. bow-tie structure（left）
 Cf. supply and demand（right）

Upstream

Downstream
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money flow

money flow(a) (b)
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NMF(non-negative matrix factorization)

 Money flow
 “principal components”
 how money flow from one region 

to another
 Convert remittances based on 

geographical locations of source and  
destination

Flow from region m to region n

Region m

Region n
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NMF = non-negative matrix factorization

If V is sparse,

n

m

n

K

K

m

where

for our study n = m

K components
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How to determine the number of components, K ?
NMF is a “probabilistic latent semantic analysis” in ML text analysis 

K

K

document-word frequency doc. = a mix of topics / topic = a mix of words

 Cross validation and other methods are used to
tells us about “number of topics”, K

See Y. Fujiwara, R. Islam, Bitcoin's Crypto Flow Network, https://arxiv.org/abs/2106.11446
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滋賀銀行ディスクロージャー誌2020「しがぎん」店舗配置図

Geographical information

k

k
↑ Source in k-th comp.

↓
D

estination Region m

Region n
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Kusatsu, Ritto Omihachiman

Otsu Maibara, Nagahama

Source → Destination Source → Destination
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MoriyamaHigashiomi

Otsu Shiga (entire) and Kyoto Takashima

Source → Destination Source → Destination
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Konan, Koka

Hikone

Source → Destination

10 components
Circle’s numbers: concentration (%)

Source → Destination
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Implications

Money flow between firms’ bank accounts in a region

1. Ideal for studies on the regional real economy
2. Real-time monitoring posssible
3. Applications
 COVID-19, economic stress and effect
 Firms default/bankruptcy and influence
 Illegal or outlier activities of money flow
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 Big data of money flow in a bank’s accounts of firms
 Bank remittance data

 Background
 Real-time observation of real economy

→ Many applications, e.g. Covid-19, financial stress
 Purpose: First, we studied the long-term and main structure

 Results
 Bow-tie structure to identify upstream/downstream
 Hodge potential: Each firm’s location in the money flow

→ correlated with supply/demand of money
 NMF (non-negative matrix factorization=NMF)

“principal components” of flow
→ geographical features extracted

Conclusion
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