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Abstract

This study seeks to construct the Global Flow of Funds (GFF) matrix model to measure global
financial stability. We use GFF data and the sectoral account data establish the sectoral from-whom-to-
whom financial stock matrix (SFSM). The SFSM focuses on counterparty national and cross-border
exposures of the sectors between China and the United States to construct country-specific financial
networks and connect each country-level network based on cross-border exposures. We use financial
network analysis to run an empirical analysis of SFSM to study the local propagation dynamics of
quantity shocks in investment and financing.

Keywords: Sectoral data, who-to-whom matrices, inverse of Leontief, cross-border exposures,
financial networks, shock propagation

1. Financial Network in the SFSM

The GFF data should be based on existing statistical data and therefore share many similarities of
approach with them (IMF, 2006), such as enhanced consistency between International Investment
Position (IIP), Coordinated Portfolio Investment Survey (CPIS), Coordinated Direct Investment Survey
(CDIS), Bank for International Settlements (BIS), and Financial Accounts (FA), Balance of Payments
(BOP), and Rest of the World (ROW) financial instruments.

There are two methods by which to compile the sector-by-sector matrix. One is to infer the debt
ratio of a transaction item between sectors (Zhang, 2020); it is like a simple pro-rata method, and the
other is to calculate the financial inflow—outflow based on the input—output principle. The latter is more
direct and simpler, so this study adopts the second method. A deeper look demonstrates that exposures
at the country and cross-border levels have increased in all governments. However, the decline in loan
exposures was much larger at the cross-border level than it was at the country level, where the decline
in equity exposures was more accentuated at the country level than it was at the cross-border level (Luiza,
2015). Precedents can also be seen in the preparation of the US—East Asia Financial Input—Output Table
(Hagino et al., 2019). To observe the bilateral exposures at the country and cross-border levels and link
them to the GFFM, we combine sectoral accounts data with data from the CDIS, CPIS, IIP, and BIS to
calculate bilateral exposures between financial and nonfinancial sectors in three different financial
instruments within and across CN, JP, US, and UK. For this purpose, it is necessary to create a
counterparty country SFSM to convert the FBS prepared above into an SFSM.

To convert FBS to SFSM, first, we separate the assets and liabilities of each sector from the
double-entry accounting-FBS and prepare the assets table (Table E) of each sector and the liability table
(Table R) of each sector (Zhang, 2020, 95).

E is the financial asset matrix, and R is the financial liability matrix, based on Tables 1-4; tE is

the aggregate of financial instruments held by each sector, the row on the asset side, and t" is the
aggregate of financial instruments held by each sector, the row on the liability side. Here it is established



that t° =t®. ¢ j 1s the net financial liability of the jth sector, p j 1s the net financial assets of the jth

sector, and t is the total of assets or liabilities of each sector column. Each part of Tables E and R is

represented as a matrix, and each element of E and R matrices is shown by €; and [, respectively.

Next, we can calculate the liability coefficient bij and asset coefficient dij using €; andl;, then

ij°
deduce the capital inflow coefficient of Table Y (sector x sector) ', and finally obtain Tables 1-42.
This gives practical significance to the compilation and analysis of Table Y. In addition, the analysis

of the ripple effect of financial risk at a certain point in time is essential. In addition, using Tables 1-4,
we compiled Table Y, that is, the sector-by-sector SFSM. Tables 1-4 show the sector-by-sector SFSM of
G-4 at the end 0f 2021, using data sources based on international standards, the same calculation method,
the same currency unit, and five sectors for every country; thus, the outputs are internationally
comparable. The rows in the table represent assets, and the columns represent liabilities. The row of
each sector shows its stock of assets used in other sectors. Viewed from each sector column, the table
can show the stock of the sector’s financing from other sectors, and it can also show the fund operations
within each sector (diagonal elements in the matrix). If the assets of a sector are greater than the liabilities,
the net financial income of the sector is calculated as the Net assets in the row. If the assets of a sector
are less than the liabilities, the net loss of the sectors is included as Net liabilities in the column. Through
these four SFSM tables, we can know the basic structure of domestic and external assets and liabilities
in CN, JP, US, and UK.

The compilation of the counterparty country sectoral SFSM reveals the W-t-W relationship
between the Financial corporation (FC), Non-financial corporation (NFC), General government (GG),
Households and HPISH® (HH), and ROW sectors, but this section focuses on the trading relationship
between ROW in the SFSM and FC, NFC, GG, and HH in other countries’ SFSM. Therefore, when
determining the financial transactions or debt and creditor relationships between domestic sectors and
overseas, especially the specific sectors of the counterparty, it is necessary to be sure of the basic data
of the specific sectors of the counterparty. Therefore, there should be a basic dataset not only reflecting
the FC, NFC, GG, and HH but also conforming to international uniform standards. To meet this
requirement, two methods can be used: one is to integrate the existing data, and the other is to use the
ratio for calculation.

We calculate the debt—bond relationship between counterparty sectors by directly utilizing the W-t-
W information in their source data. Moreover, this method is used to identify links between each sector’s
outstanding amount of assets and each debt transaction item under the four sectors. Therefore,
combining this method with the SFSM calculated above, we use the following three types of methods
to prepare the bilateral SFSM.

First, from the perspective of the nature of financial commodities, the relationship between the
asset-holding and liability-issuing sectors is very clear. For example, deposits and loans are issued and
held by financial institutions. Second, we use financial instruments, the owners of which can be
identified from other sources. For example, foreign deposits held by the government can be determined
from GG; FDI is usually carried out by NFC; insurance pension, standardized guarantees, and
investment trusts are usually held by HH; and financial derivatives are mainly issued and held by FC.
Third, for some cases, such as treasury and financial bonds, where it is impossible to specifically
distinguish the counterparty, it is calculated by the pro-rata approach.

Using this idea, we determine the following data sources and estimation methods for the sectors of
the counterparty country. The following is an example of a methodology for determining the ratio of a
country’s ROW sector to another sector of a counterparty. Claims of sector i in Country A by sector j in
Country B are calculated by multiplying Country A’s foreign claims (ROW liabilities in Country A) by
the share of Country B in Country A’s foreign claims, the share of sector i’s holdings of foreign assets
in Country A, and the share of sector j’s liabilities held by nonresidents in Country B. The data for

1 For the calculation method of Table Y refer to Zhang (2020), 108-110.
# Tables 1-4 have been omitted due to space limitations
3 HPISH stands for Non-Profit Institutions Serving Households
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calculating the claims of sector i in JP by sector j in CN through the ROW sector are CPIS, CDIS, LBS,

and IIP.

FC" CN -GG _US = ROW., x Sey_us

A
x SFCfCN

L
x SGGfUS >

(1

Where ROWCLN is the amount of Chinese ROW sector’s liabilities (that is, the assets of CN) in debt

securities coming from the sectoral accounts data; thus, LBS* data should be used. However, when
estimating financial assets in the NFC sector, CDIS data should be used. S, ;s is the share of the U.S.

in Chinses foreign debt security claims coming from the CPIS®. Slfcch is the FC’s share in the

holdings of foreign debt securities in CN according to the IIP. And Sgo,, “us 1s the GG’s share in the

U.S. liabilities in debt securities held by nonresidents according to the IIP dataset. Notably, sectoral
accounts data, CPIS data, and IIP data are conceptually consistent among themselves in the sense, and
their external claims compiled by country and instrument are almost equal.

Table 5 International SFSM with sectoral data (at the end of 2021, USD bn.)
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Source: Tables 5 from Dataset with 720 financial balance sheets of OECD Statistics; CPIS’s Table 5, CDIS’s Table
3, and IIP’s Table 5 that are published by IMF; LBS’s Table A6.2 of BIS.

4 To avoid double counting, the claims, that is, loans and deposits of CN to US in Table A6.2-S banks' cross-

border positions on residents of CN in the LBS account are subtracted from the claims of FC by ROW in SFSM.
5 CPIS: Table 5, Reported Portfolio Investment Assets by Sector of Holder, and Sector and Economy of
Nonresident Issuer for Specified Economies, December 2018.
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Using Eq. (1) and relevant data, we compile an international SFSM with counterparty country-
sectors, as shown in Table 5. For it to be consistent with the creditors and debtors in Tables 1-4, we have
defined the rows and columns in Table 5, the columns in Table 5 represent liabilities, and the rows
represent assets®. Table 1-4 are W-t-W tables showing the credit relationship between the assets and
liabilities of domestic counterparties sectors for each country, but Table 5 provides more detailed sector-
to-sector information among the four countries than Table 1-4 does. Therefore, a column categorizes a
sector’s assets by counterparty, so by observing the columns, we can know both the use of financial
assets among domestic sectors and the creditor’s rights held by various sectors of various countries and
cross-border sectors of other countries. The ROW in the bottom row of Table 5 refers to financial
investments (creditors) by counterparty country sectors in countries other than the target country. The
total assets of the ROW sector are calculated by summing up the total assets of the ROW sector in all
the G-4 economies. A row categorizes a sector’s liabilities by counterparty, so from the perspective of
the rows, we can observe not only the financial liabilities between domestic sectors but also the liabilities
held by counterparty countries and cross-border sectors.

Table 5 uses the debt and claims relationship between the domestic sectors of CN, JP, the US, and
the UK at the end of 2021 and the bilateral risk exposure of one country to the other to construct the
financial network of a specific country. It describes how sectoral account data can be harmonized with
CDIS, CPIS, LBS, and IIP data to derive information regarding cross-border risk exposure from inside
to outside at each country level. The columns of Table 5a are set as liabilities and rows as assets, which
belongs to the matrix table of Stone-mode, focusing on observing the situation and effect of financing
counterparties of various sectors.

GGeEMN

FCalK

HHZK

ROW_JP
NFC P

GGLJIP

Figure 1 Assets and liabilities network in the sectors of G-4 at the end-2021

The W-t-W data of the GFF can be seen as a network of interrelationships in which the nodes—
the elements interlinked in the network—are sectors. There are three important key points.

Node is the positions of the nodes is arbitrary, but their sizes are proportional to the countries’
holdings of liabilities of a given type, to facilitate the identification of systemically important
countries. Edge is the links between nodes—are asset/liability links. The edges in the network are
“weighted” by the amounts involved in every asset or liability relationship. And Link is the width of

® This is the arrangement of rows and columns which designed by Stone’s formula.
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the link is also proportional to the size of each sector's exposure to another sector. Since networks are
constructed to assess financial stability, its width is based on the creditor sector’s capacity to absorb
the potential loss represented by this claim. Consider SFSM (Table 5) as a financial network diagram
shown in Figure 1.

Empirical research of network theory mostly adopts the following methods: a relationship model
between multiple nodes is constructed using balance sheet information. Then, the stability of the
network is tested by simulating the impact of a shock. Because of space constraints, we focus on
degree centrality in the network analysis to illustrate the importance and influence on sectors of G-4
countries in the GFF network.

2. Interpreting Financial Networks in the sectors of G-4

In this section, we will develop centrality measures on C, which directly represents the net of
interlinks, in particular, eigenvector centrality, capturing direct and indirect links.

Based on the GFFM model created by our previous research (Zhang and Zhao, 2019), bilateral
exposures across N countries in a financial instrument k can be expressed in a n X n matrix in which

the element y;; denotes a claim of country i vis-a-vis country j. So, the sum of each column j denotes
the aggregate holdings of assets of country j in instrument k (&, , ), and the sum of each row i denotes
the aggregate holdings of liabilities of country i in instrument k (Ii,k )- Aggregate assets (@;, ) and

liabilities (Ii)k ) per country are observed, but bilateral exposures need to be estimated.

Yo 0 Y n h
Y= - - - | with Yy, =a;, and >y, =k,

i=1 j=1

Yo o Yo | ‘

In order to represent how the investment of the various countries react to the investment of others
(in order to finance them), we set AS as an exogenous variable which the shock itself, indicating the

original changes in investment, its transpose vector can be represented as follows.
As = (07“'7 _5707'“7 0)' (2)
By the W-t-W framework, a matrix algebra presentation of GFFM can be shown by T =Y + As. Where

L

T is the vector T =

Let us now define the elements C;; is the ratio of funds raised from country i to the total external

financing of country j, that is, C;; = % , the investment ration matrix is shown in C. Where C is the
j

matrix of C;; determined by the form of the n x n order, and can get Y ;= C; *t j » and we can get the

diffusion matrix represented as follows. T =C *T + As . WhereT, =C*As, (k=0, 1,2, ... ,n),

when k=o that called a direct effect, k=1 that is called an indirect first-order effect, k=2 that is indirect
second-order effect,... , and k=n that is indirect n-order effect, as shown in the following equation.
5



S =Ty +T, +T, +---+T,
=T, +CT,+C’T, +---+ C*T, @)
=(1+C+C*+---+CYT,

And when k >, & =(1-C)'T, 4)
Formula 5 reflects the limiting effect of n-order.

Where (I —C)™" is the inverse of Leontief. Whereas Leontief deals with input per unit of
output, we consider here financing per unit of investment, but the overall logic behind the two
representations is the same one. The elements in the diffusion matrix in our model have interesting

interpretations in terms of well-known financial ratios. Thus, C, ;and C, ; are the ratios of financing

from a country to other country, respectively, to the investment of the country (also assuming that, i.e.
wheni=j, Ci. ; =0, that is, excluding the domestic portfolio investment of the country). The ratios

c C,;. C;;and C;; represent the mix of financing sources for portfolio investment, indicating

Lj>

how a country resort to other countries funding, usually treasuries and financial bonds.

2.1. Shock dynamics of the sectors of G-4

This section uses the shock dynamics model (see formula 3) to measure the impact of investment
changes in ROW_CN in G-4 on other sector, with a focus on JP, CN, US, and UK. In addition,
according to the changes in the financial investment of JP, CN, US, and UK, with regard to the above
vector A s, the shock expressed by the unitary term is as follows:

AS:(100011000-11000110001)'(5)

That is, it is assumed that the portfolio investment of the United States will be reduced by 1 unit,
the portfolio investment of Japan and China will be increased by 1 unit, and the portfolio investment
of other countries will be assumed unchanged with an increment by 0. Therefore, according to formula
(4), using As and investment ration matrix C, we can present the decomposition into the first 15
orders in G-4’s case which show in Table 6 and speculate the shock of the changes in the investment
on CN, JP, US, and UK.

The shock effects shown in Table 6 can be decomposed into four parts that (i) the shock itself -
the vector As indicating the original changes in investment, (ii) the investment effort needed to finance

such original investment change which the vector T, = C * As, (iii) the investment effort needed to
finance the original investment change which the vector CZTO,C3T0,---CISTO , and (iv) so on into

infinite n-order investment efforts which the vector (1 —C)™'As.

In Table 6, the changes in investment and financing triggered by shocks are governed by the set
of direct and indirect relationships embedded in the w-t-w diffusion matrix, including intricate
investment/ financing paths of any order, even beyond the fifteen-order one referred to above for our
example. Next, we propose a decomposition of the shocks on the United States, Japan, and China that
separates these individual n-order effects.

We plotted Figure 2-5" using the observations in Table 6, which show the shock effects in
FC_CN, GG_CN, FC_US, and GG_US. The shock itself, or the first-order effect, consists of a
reduction in external fund inflow in CN and financial liability increase in CN, JP, the US and the UK.

7 Figure 2-6 have been omitted due to space limitations.
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Since FC_US has the largest market share of financing in the world, even assuming that increase in
original financing by one unit, its direct effect will be shown with 0.6584, but it quickly recovers to
0.1359 of its original position after the six-order indirect effects, then the shock effect declines
gradually after the 9th-order, tightening to zero effect by the 15th-order. From a cumulative effect
perspective, it exhibits a significant impact function, ranging from 2.1341 for the second order to
3.2116 for the eighth order. Subsequently, the positive shock started to diminish but gradually climbed
to 3.4155 at the fifteenth order (refer to Figure 8). The overall limit value for FC_US, encompassing
both primary and indirect effects, stands at 3.4516 (see Table 6).

Table 6 Shock dynamics for SFSM by Table 5 (Stone-model)

s | s 1 2 3 4 5 6 7 8 9 BBt
FCIP | 1000 L9 0 0SW) 04 03 026 O3 OM 0K 00 009 OO OB MM 009 158
NECIP | OO0 O30 OIS0l OIS0 010 00859 006 007 007 00T 0008 00T 0019 000 00 00l 099
GGP | 00D 0 0N  OO%E 0060 0K 0GBH 0% 005 0045 0O O 0K OO OO 00 0781
HHLIP | 0000 0474 038 08 ODS 0I5 OB 0% 0001 0055 09 0008 0032 005 002 001 2080
ROWJP | 10000 0OISH 007 009 0024 0068 007 005 00  0NSH  O0MI  O0BI 0N 07 0NB 0000 LI
FooN | L0000 000 OB 00B WD 000 OIS W OME W0 OO 08 0005 00070 000§ 007 06540
NFCON | 000 006 06D 00 U6 0009 0N 00M)  00MS  00M6  00M 00 00 00 00 004 0049
Goov | D000 A0%4 0K 00 0NN 0N M0 002 0W05 006 0007 00007 00006 00006 005 000
BHON | 000 O OIM5 0% AMS W09 A4 00 004 00D OO O OMM 00 00R0  Om 01767
ROWN| L0000 0OBD 00N O3 00N A0 00N OOML  O0N3 N3 O0N3 O3 O3 O3 00N 00D 2998
FoUs | L0 O 04T 038 0M  OI4 OB 000 00 006 0M6 000 005 00N 00M5 0ol 34506
NFCUS | 000D 002 0005 007 0081 0045 0GR 00N 00T 004L 007 0L  OMK 00N 003 OO 03235
GoUS | N0 OGS 0mS 0075 0027 OMS O OWSL W% W9 0W2 0I5 002 00009 00007 005 0131
RS | 000 OBIS 0L 032 026 OIS OU% OB K6 OBS6 OB O0MS 04 00 004 O 2340
ROWUS| L0000 00W 00T 0% OG® 0D 0 008 OIS 0N 00T 00 0N 00D 00D o0l 1350
FCUK | 10000 LIET 0% 065 048 06 OB6 026 Ol 0% OBB 005 O OB OGS 00R 608
NECUK | 00000 00512 006 0001 005 002 003 0019 00 0006 0008 006 00M 00T 00 002 0348
GGUK | 000  0GM 0¥ 007 0049 OIS OO 00K OO OOMD  OOBL  OOD4  OMS  OO4 OO OONS 0140
BHUK | 00000 035 0262 0204 OIS 0I5 0098 005 0OS8  0MY  00H 00 005 00 005 008 14694
ROWUK | L0 0120 004 O OMOS 0O 006 0052 006 0097 008 005 00 004 0080 000l 1978

As shown in Figure 3-4, under the influence of positive shocks in FC_US and constraints from
other sectors in China, Japan, and the UK, GG_US experiences relatively minor positive shock effects.
The first-order effect, i.c., the direct effect, is 0.0385, after then decreases to 0.0038or the eighth-order
positive effect and gradually converges to zero thereafter. The comprehensive limit effect is 0.1311
(see Table 6), which is lower than the shock effects on the government sectors of China, Japan, and
the UK.

When we assume that FC_CN increases by 1 and ROW_CN decreases by -1, while both FC
sector and ROW sector in JP, the US and the UK increase by +1 unit, and the change of other sectors
is 0, the change of FC_CN is shown in Figure 10. The direct effect of FC_CN is -0.422, and its
negative effect changes from the first-order to the 6th-order to a lower positive effect of 0.0016. This
low positive effect continues until 15th-order, with a limit effect of 0.654. Moreover, the cumulative
effect of hedging negative and positive effects in order 15 is 0.619, which is significantly lower than
that of the FC sector in JP, the US, and the UK (see Table 6). It can be seen that FC_CN is less able
to cope with debt shocks because of the decrease in overseas financing.
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2.2. Shock propagation in the SFSM
To focus on the impact of changes in sectors of G-4, we adapt the 20-order matrix in Table 5 to

the 20-order matrix C (see Eq.3), as shown in Table 8°. And in order to reflect the shock of a
sector’s investment changes on other sectors, the diffusion matrix C as an operator on the
vector can be calculated as follows.

We put V, 4 as the matrix of eigenvectors and diagonal matrix of eigenvalues of C -which we assume
as diagonalizable, as in our example- respectively, so that C =V * A%V~ and C"=V * A" %V~
(see Meyer, 2000). This allows the following representation of the n-effects:

C"'xAs =V * A" (V' *As) (6)
&
&
€
The vector (V™' *AS) = * | contains the components of the shock vector As expressed in the base of
&
€

eigenvectors, where A s (see Eq.6). That is, it is assumed that the ROW _CN will be reduced by 1 unit,
the ROW_JP, ROW_US, and ROW_UK will be increased by 1 unit, and other sectors of G-4 will be
assumed unchanged with an increment by 0.

The matrix of eigenvectors V and the diagonal matrix A of eigenvalues can set as below.

Vl,l VI,Z V1,3 V1,4 V1,20 /‘i‘l 0 0 0 O 0
V2,1 V2,2 V2,3 V2,4 V2,20 0 2’2 0 0 O 0
V. Vv Vv vV eV 0 0 0 0 O
v=| 2 >3 4 | and A= A in our 20 X 20
Var Vao Vaz o Vi oo Vi 0o 0 0 4 0 O
: 0O 0 0 O 0
V20,1 V20,2 V20,3 V20,4 i V20,20 0 0 0 0 O /1'20
example, (6) can also be expressed as follows:
Vl,l V1,2 Vl,3 V1,20
V2,1 V2,2 V2,3 V2,20
V \" \" V
CH'*As= A" *e ¥ | AT we, K| PP g AT R K| T [ g0 xe w|
Vai Vys Vis Vino (7
Vi Vi Vis Vi 20
V20,1 V20,2 V20,3 V20,20

The individual n-order effects being expressed as a linear combination of the eigenvectors of the

8 Table 8 is not included in this document due to space constraints.
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diffusion matrix, use the 20-order diffusion matrix C, we can get the corresponding eigenvalues A with
the components of the shock in the base formed by the eigenvectors V. The transpose eigenvalues A
denoted as A °, which shown as below.

J=( 0800 0763 O73H 060F XM IS M0 D10 001 0021 0107 004 0057 006 008 08 00 0 D04 00 )

The matrix of eigenvectors V and Inverse matrix of eigenvector V! are put at the end of this paper

as Annex Table 1 and Annex Table 2, and use V™' *As =E can get the vector E, the transpose of
matrix E is denoted as E*T as following.

ET=( L8 0139 0299 0474 004 042 0007 0072 0248 0009 06584 001 00%5 0715 00M9 LI 00513 007 034 QI )

In this way, we can get the decomposition of the impact on ROW_CN when China's foreign asset
utilization decreases, that is, the eigenvector decomposition of (n>1)-order effects for ROW_CN which
shown as Table 9.

This presentation would allow us better understanding the features that govern the propagation
effects and link them to network centrality, as well as perform dimensionality reduction to simplify the
presentation of the shock dynamics. Figure 7-8 shows the decomposition of the effects on the ROW_CN
and ROW_US for n>1 (indirect effects).

According to formula (6) and use these eigenvalues and eigenvectors which solved above, we can
analyze and decompose the shock propagation on the United States, Japan, and China. The shock
propagation equation can be made for each eigenvalue as below. This presentation would allow us better
understanding the features that govern the propagation effects and link them to network centrality, as
well as perform dimensionality reduction to simplify the presentation of the shock dynamics.

We first calculated the shock propagation on China by formula (7), Figure 7 shows the
decomposition of the effects on China for n>1 (indirect effects). The power after the shock is
decomposed into a persistent negative sub-effect (red line (A1) in Figure 7), and three sign-oscillating
sub-effects (purple (A11), green (A13), baby blue (A2) inducing the alternation of positive and negative
effects described. The nature of the signs as oscillating or not depends on the sign of the corresponding
eigenvalue, those with negative value (0.821 in ROW_CN) delivering a constant sign contribution which
depends on the sign of the product of the component of the shock in the eigenbase (-0.0313 in ROW_CN)
and the sector component in the eigenvector associated to the eigenvalue (1.0428, delivering an overall
positive sign path).

The size of the sub-effects depends on the corresponding module of the eigenvalues'®, the
components of the eigenvectors and the components of the shock. Therefore, when the sub-effects linked
to the eigenvalue are extremely small and disappearing fast for ROW_CN, to the extent that they can be
totally ignored.

By the Fig. 8 we can know that the persistence of the n-order effects depends on the module of the
eigenvalue. Thus, the sub-effects linked to the eigenvalue 0.7638 (orange (A2) line in Figure 8), the
eigenvalue 0.6009 (yellow (A4) line in Figure 8), the eigenvalue 0.821 (blue (A1) line in Figure 8), and

9 Table 9 has been omitted due to space limitations.

10 Eigenvalues, eigenvectors and shocks in the base of eigenvectors are in general complex numbers if we
allow for diffusion matrices that are diagonalizable in the complex plane. This case pertains to economic
analysis. When the eigenvalue or eigenvector exhibits a very small imaginary component, considering only the
real part of the complex number does not significantly impact the accuracy of prediction. Therefore, this paper
exclusively focuses on the real component of the complex number

9



the eigenvalue 0.7304 (gray (A3) line in Figure 8) show the significant sub-effects before 6th-order, but
after that, the associated sub-effects are extremely small and disappear quickly, to the extent that they
can be totally ignored for characterizing the shock dynamics. In addition, the eigenvalue A12, A16, A6
and A14 have a short-term impact on the ROE US, but the duration is short and tends to stop at the
second-order. Therefore, we can know that the shock effect on the ROW_US by the NFC_JP, FC JP,
and GG_JP to the 6th-order, short-term effect on the ROE_US by the NFC _US, FC UK, FC CN, and
HH_US, and then will no longer have a shock effect.
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