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Abstract

This paper provides a comprehensive and systematic introduction to the Large-Scale
AMRO Global Macro-Financial DSGE Model (AGMFM). It supports impulse response
analysis, shock decomposition analysis, forecasting, optimal policy solving, sensitivity and
identification analysis, and other in-depth, DSGE analyses for 48 economies, including the
ASEAN+3. This paper describes the theoretical structure underlying the formulation of the
various components of the AGMFM and the calibration or estimation of all parameters
required by the model. In general, this is a large-scale DSGE model with 48 economies
and 45 industries, incorporating rich microfoundations of the optimizing behavior of
homogenous and heterogenous economic agents, which are subject to various
imperfections and frictions. The model can be used for conducting macroeconomic,
financial and policy scenarios at the global, national, and even industry levels.
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I. Introduction

The large-scale AMRO Global Macro-Financial (DSGE) Model (hereafter “AGMFM”) is an
innovative, multi-economy, multi-sector, multi-industry DSGE model. It is designed to
support rich macroeconomic, financial and policy scenarios, at the global, national and
national industry levels. The AGMFM extends the Global Macrofinancial (DSGE) Model
(hereafter “GFM”) described in Vitek (2015, 2018). The GFM covers as many as 40
economies, up to 9 sectors for each economy, and characterizes both individual behaviors
within sectors, and mechanisms or relations between sectors as richly as possible.
Compared with the GFM, the AGMFM:

° contains all 14 ASEAN+3 economies plus another 34 economies, which have
important trade and financial connections with these ASEAN+3 economies, with
some also representing very large economies within the global trade and financial
system (Appendix I);

° further incorporates the structure of import tariff and the structure of international
direct investment into the model;

° builds the intra-industry and inter-industry structure, with innovations including a
detailed industry-level global supply chain structure.

The AGMFM has the additional capability to support various types of analyses. They include
impulse response analysis, shock decomposition analysis, forecasting, optimal policy
solving, sensitivity and identification analysis, and other in-depth, DSGE analyses into the 48
economies and 45 industries within each economy. For each of the 48 economies (Appendix
1), which constitute more than 90 percent of total global GDP:

° Each economy contains a household sector, labor supply sector, construction sector,
production sector, banking sector, foreign exchange sector, export sector, import
sector, balance of payments sector, virtual “absorption sector” (an added sector to
form a closed loop of national accounting, such as GDP accounting by expenditure),
government sector that comprises monetary, fiscal, and macroprudential authorities,
and domestic interbank, money, bond and equity markets. In addition, the model
contains the international commodity market and the international financial market.

° All these sectors or markets within any specific economy optimize intertemporally,
not only interacting with each other within the same economy, but also interacting
with sectors or markets within other economies in an uncertain macroeconomic and
financial environment, in order to determine equilibrium prices and quantities under
rational expectations in the globally integrated commodity and financial markets.

Among the various options on model type, model hierarchy and sector combination within
the model, there are three key considerations behind our modelling.

First, we choose to develop a DSGE model among various types of macroeconomic
models, because it is theoretically more solid and can provide users with more in-depth
policy insights. The advantages of a DSGE model include:



° the behaviors of homogeneous or heterogeneous representative individuals in all
sectors, such as consumers, firms and financial intermediaries, are formally derived
from as rich, explicit and solid microfoundations as possible;

° the underlying economic environment of the model is that of a competitive economy,
but with a number of real world distortions added, from nominal rigidities to monopoly
power to information problems (Blanchard 2018);

° the model is estimated as a system, rather than equation by equation as in the
previous generations of macroeconomic models (Blanchard 2018).

While adaptive expectations in most other types of macroeconomic models are usually
subject to the Lucas critique, and simulations based on them are considered flawed by a
mistreatment of the formation of expectations, the DSGE model is less prone to the Lucas
critique, since its treatment of expectations is typically forward-looking instead of adaptive
(Lucas 1976; Vetlov and others 2010).

Second, we choose to develop a large-scale model with hierarchy and structure down to the
national industry level, because it enables the model to conduct simulation at the more
granular industry level. The characterization of industry details within each economy and the
inter-country cross-industry input-output relations do not exist in almost all DSGE models
developed by central banks and international organizations. However:

° These meticulous characterizations greatly enable our model to provide users with
relatively rare industry-level granular simulation results, which usually make it easier
to explain the dynamic performance of whole-economy-level macroeconomic
variables, based on their decomposition at the industry level.

° Additionally, the intra-industry and inter-industry structure allows this model to
innovatively incorporate the upstream-downstream transmission mechanism in the
global supply chain, which makes our model more suitable for conducting useful
simulation studies on global trade and finance related research topics.

° Moreover, the large enough scale of the model helps to accommodate and support
the characterization of the significant heterogeneity between countries in reality as
much as possible.

Third, we choose to develop a sector- and market-rich model, because the model would
allow for the design of a broad range of macroeconomic, financial, and policy scenarios. We
incorporate 11 sectors for each economy, and also their corresponding domestic and
international commodity and financial markets into this model, which enables this model to
tackle a broad range of macroeconomic, financial and policy issues. There are numerous
parts of the model where whole-economy and industry-level shocks can be introduced.
Besides, the richness of sectors and mechanisms also makes our model more capable of
offering an appealing structural interpretation of the simulation results, compared with other
models that include less abundant sectors and markets (Vetlov and others 2010).

This paper is organized as follows:

. Section Il provides a simplified framework of the AGMFM, which is more friendly to
readers who don’t want to get bogged down in too many technical details.



Specifically, this section describes the theoretical structure of not only all the above-
mentioned sectors or markets, but also various interactions between sectors or
markets, based on the characterization of the significant heterogeneity between
countries.

o Section Il introduces the mathematical model as the realization of the above
theoretical framework, including the optimization problems and corresponding
constraints for all sectors of the economies, all settings for economy-specific markets
and international markets, and all market clearing conditions for economy-specific
markets and international markets in the large-scale AGMFM.

° Section 1V, together with Appendix 11, introduce the final computable large-scale
AGMFM, which could be considered as the approximate representation of the above
mathematical model. Compared with Appendix I, this section mainly focuses on all
industry-level equations of the AGMFM, where our innovative work is concentrated.

° Appendix | lists the industries and economies covered by the AGMFM.

° Appendix Il lists all whole economy or international market equations of the AGMFM,
as a supplement to Section IV.

° Appendix Il describes in detail the calibration or estimation methodology of all
parameters required by the AGMFM, such as which whole-economy-level or
industry-level parameters need to be calibrated or estimated, and what data sources
are used.

° Appendix IV lists all the whole-economy-level variables, industry-level variables and
international-market-level variables of the AGMFM, as a convenient and easy
reference for users, when they need to add various model codes to do various types
of DSGE analyses (Dynare Team 2022).

The complexity and large scale of the AGMFM also make it necessary to follow a multi-step
process to apply it properly to specific research problems. Hence, the whole process of
applying the AGMFM to a specific research topic should be divided into six steps, including
scenario setting, model equation modification, exogenous shock definition, recalibration or
reestimation of model parameters, simulation of the model, and analysis based on simulation
results.
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Figure 2. Detailed Structure of the AGMFM
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[I. Theoretical Framework

This section provides a general impression of theoretical framework, through the purely
literal and overall introduction of each sector or market of the model. As a comparison, we
correspondingly provide the brief framework of the original GFM in Figure 1, and the brief
framework of the new AGMFM in Figure 2, both of which take a representative economy and
all its macroeconomic and financial relationship with other economies as an example:

° the first framework is for a representative economy without the detailed structure of
45 industries, as in the original GFM introduced in Vitek (2015, 2018);

° the second framework is for a representative economy—which characterizes the
detailed structure of 45 industries within an economy plus the inter-country cross-
industry input-output relations with other economies—in the new AGMFM, which is
developed based on the GFM.

Comparison of these two frameworks is mainly used to help readers know about our
innovative work around this large-scale AGMFM, in fact all those sectors marked with yellow
background in Figure 2 are the sectors where our innovation is concentrated. Besides, the
author also expects that these frameworks could assist readers in forming an overall picture
about the application potential of the AGMFM. If readers need more detailed and diversified
model comparison perspectives, it is strongly recommended to refer to Ljungqvist and
Sargent (2004) and Stachurski and Sargent (2020). Besides the brief framework of the
AGMFM in Figure 2, the theoretical framework for each sector or market and various
interactions between sectors or markets, which are the characterization of the significant
heterogeneity between countries, are explained in the following subsections.

A. Household Sector

The structurally more complex household sector consists of three types of continuums of
households. All types of households purchase industry specific final consumption goods or
services from the additional virtual “absorption sector” (which forms a closed loop of national
accounting, such as GDP accounting by expenditure), purchase identical final housing
services from the construction sector, sell indivisible differentiated intermediate labor
services to the labor supply sector in order to get labor income, and pay labor income tax to
the government sector. Each household is originally endowed with one share of each
domestic real estate intermediate developer, domestic industry specific intermediate output
good firm, domestic intermediate bank, domestic industry specific intermediate export good
firm, and domestic economy specific and industry specific intermediate import good firm.
However, there are also the following differences between different types of households:

° The bank intermediated households additionally accumulate household wealth in
the form of bank deposit holdings, and real estate holdings (here household wealth
balances in the form of real estate holdings are allocated across the values of the
domestically traded real estate portfolio, and the value of this real estate portfolio is
further allocated across the values of specific shares of domestic real estate
intermediate developers), in order to get interest return, profit income or dividend
payments.

° The capital market intermediated households additionally accumulate household
wealth in the form of short term bond holdings (allocated across the domestic



currency denominated values of both domestic and foreign economy specific short
term bonds), long term bond holdings (allocated across the domestic currency
denominated values of both domestic and foreign economy specific and vintage
specific long term bonds), and stock holdings (allocated across the domestic
currency denominated values of shares of both domestic and foreign economy
specific and industry specific intermediate output good firms), in order to get interest
return, profit income or dividend payments. In addition, they need to bear the
nondiscretionary lump sum transfer payments for the relatively poor credit
constrained households implemented by the government sector, since they are
relatively rich.

° The credit constrained households do not accumulate household wealth and only
get dividend payments from holding originally endowed shares of domestic real
estate intermediate developers, domestic industry specific intermediate output good
firms, domestic intermediate banks, domestic industry specific intermediate export
good firms, and domestic economy specific and industry specific intermediate import
good firms. In addition, they receive both nondiscretionary and discretionary lump
sum transfer payments implemented by the government sector, since they are
relatively poor.

B. Labor Supply Sector

The labor supply sector consists of two layers of agents. Here, the structure of multi-layer
agents is a widely-accepted technical setting, rather than a setting to correspond one-to-one
with reality, in order to take both the characterization of the optimization problem of
representative agents and the characterization of the heterogeneity of agents into account.

° In the lower layer, continuums of monopolistically competitive labor unions of
workers combine indivisible differentiated intermediate labor services from all types
of households to supply differentiated intermediate labor services to final labor
service firms.

° In the upper layer, a large number of perfectly competitive final labor service
firms combine differentiated intermediate labor services supplied by labor unions of
workers to produce final labor services needed by the production sector.

In addition, the settings of the labor supply sector incorporate the employment and
unemployment mechanism and consider the nominal wage rigidity in the labor market.

C. Construction Sector

The construction sector consists of two layers of agents based on considerations similar to
those of the labor supply sector.

° In the lower layer, continuums of monopolistically competitive real estate
intermediate developers produce and sell differentiated intermediate housing
services to domestic real estate final developers, obtain identical mortgage loans
from domestic final banks, accumulate the housing stock through purchasing
identical final residential investment goods or services from the additionally added
virtual “absorption sector”, and sell their specific shares to domestic bank
intermediated households and pay dividends.



° In the upper layer, a large number of perfectly competitive real estate final
developers combine differentiated intermediate housing services supplied by
domestic real estate intermediate developers to produce final housing services
needed by all types of domestic households.

D. Production Sector

The structurally more complex production sector, which has the detailed structure of 45
industries and their inter-country cross-industry input-output relations characterized, is the
most complex sector based on the innovative modelling work.

° First of all, the classification of 45 industries is based on the classification standard of
ICIO tables released by OECD (Appendix I). Among all 45 industries, some are
mainly considered as the industries that produce internationally homogeneous
energy or nonenergy commodities, while others are mainly considered as the
industries that produce internationally heterogeneous goods or services.

. Second, in order to take both the characterization of the optimization problem of
representative agents and the characterization of the heterogeneity of agents into
consideration, the structurally more complex production sector is composed of two
layers of agents.

o0 Inthe lower layer, continuums of monopolistically competitive industry
specific intermediate output good firms produce and sell industry specific
differentiated intermediate output goods or services to domestic industry specific
final output good firms, obtain domestic currency denominated corporate loans
from domestic global final banks, accumulate the private physical capital stock
through purchasing identical final business investment goods or services from the
additionally added virtual “absorption sector”, purchase final labor services from
final labor service firms in the domestic labor supply sector, purchase industry
specific final output goods or services not only from industry specific final output
good firms in various industries of the domestic production sector, but also from
industry specific final output good firms in various industries of the foreign
production sector with the help of the domestic import sector, to serve as their
intermediate inputs for production, and sell their specific shares to domestic and
foreign capital market intermediated households and pay dividends.

o0 Inthe upper layer, a large number of perfectly competitive industry specific
final output good firms combine industry specific differentiated intermediate
output goods or services supplied by industry specific intermediate output good
firms to produce industry specific final output goods or services, and they're
either needed by industry specific intermediate output good firms in various
domestic and foreign industries to serve as the intermediate inputs for production,
or they directly become industry specific final output goods or services, which are
needed by domestic and foreign industry specific final absorption good firms in
the additionally added virtual “absorption sector” to produce industry specific final
private consumption, residential investment, business investment, public
consumption and public investment goods or services, while becoming
intermediate inputs for foreign production sector or final output goods or services
for foreign absorption sector requires the help of the domestic export sector. Here



the proportions of various uses of the above industry specific final output goods
or services are determined by the corresponding row in the OECD ICIO table.

° Third, the production function of industry specific intermediate output good firms:

(0}

utilizes final labor services with the economy specific and industry specific labor
productivity that not only depends on the economy specific and industry specific
per capita public physical capital stock to reflect the government's differentiated
support for sunrise and sunset industries in different countries, but also relies on
the labor productivity shocks of all domestic and foreign industries that have
input-output relation with this domestic industry to reflect technology diffusion;

additionally utilizes a part of industry specific final output goods or services from
all domestic and foreign industries that have input-output relation with this
domestic industry, to serve as intermediate inputs, here the proportions of these
uses of domestically produced industry specific final output goods or services and
foreign produced industry specific final import goods or services are determined
by the corresponding column in the OECD ICIO table.

° Fourth, the settings of the structurally more complex production sector not only
consider the industry specific nominal output price rigidity in the industry specific
output market, but also innovatively incorporate the transmission mechanism
between upstream and downstream quantities and prices in the global supply
chain.

E. Banking Sector

The banking sector has different layer structures for creating mortgage loans that are
issued to domestic real estate intermediate developers and creating corporate loans that are
issued to both domestic and foreign industry specific intermediate output good firms, due to
their different domestic or international attributes.

° For risky mortgage loans with infrequently adjusted predetermined mortgage loan
rates, the banking sector contains two layers of agents.

(0}

In the lower layer, continuums of monopolistically competitive domestic
intermediate banks create and sell differentiated intermediate mortgage loans to
domestic final banks, obtain funding from domestic bank intermediated
households in the household sector via deposits and from the domestic interbank
market via interbank loans, accumulate bank capital out of retained earnings
given credit losses to satisfy a regulatory bank capital ratio requirement set by the
government sector (the cost of satisfying the regulatory bank capital ratio
requirement decreases with the increase of the ratio of bank capital to assets),
and pay dividends to domestic households for holding their specific shares.

In the upper layer, a large number of perfectly competitive domestic final
banks combine differentiated intermediate mortgage loans supplied by domestic
intermediate banks to produce final mortgage loans needed by domestic real
estate intermediate developers. In addition, the regulatory mortgage loan to value
ratio limit applicable to borrowing by domestic real estate intermediate developers
from domestic final banks must satisfy the mortgage loan to value limit rule set by
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the government sector, and the mortgage loan default rate satisfies a default rate
relationship that is related to both the contemporaneous domestic output gap and
the intertemporal change in the price of domestic housing.

° For risky corporate loans with infrequently adjusted predetermined corporate loan
rates, the banking sector contains three layers of agents.

0 Inthe lower layer, continuums of monopolistically competitive domestic
intermediate banks also create and sell differentiated intermediate corporate
loans to domestic final banks, obtain funding from domestic bank intermediated
households in the household sector via deposits and from the domestic interbank
market via interbank loans, accumulate bank capital out of retained earnings
given credit losses to satisfy a regulatory bank capital ratio requirement set by the
government sector (the cost of satisfying the regulatory bank capital ratio
requirement decreases with the increase of the ratio of bank capital to assets),
and pay dividends to domestic households for holding their specific shares.

o Inthe middle layer, a large number of perfectly competitive domestic final
banks combine differentiated intermediate corporate loans supplied by domestic
intermediate banks to produce final corporate loans for both domestic and foreign
global final banks.

o Inthe upper layer, a large number of perfectly competitive global final banks
combine economy specific local currency denominated final corporate loans from
the banking sectors of all economies to produce domestic currency denominated
final corporate loans needed by domestic industry specific intermediate output
good firms. In addition, the regulatory corporate loan to value ratio limit applicable
to borrowing by domestic industry specific intermediate output good firms from
domestic global final banks must satisfy the corporate loan to value limit rule set
by the government sector, and the corporate loan default rate satisfies a default
rate relationship that is related to both the contemporaneous domestic output gap
and the intertemporal change in the price of domestic corporate equity.

In addition, the settings of the banking sector consider both the nominal mortgage and
corporate loan rate rigidity in the lending market.

F. Foreign Exchange Sector

The foreign exchange sector can help form the nominal bilateral exchange rate, the real
bilateral exchange rate that is defined as the relative price of foreign output of the other
economy in terms of domestic output, the nominal effective exchange rate that is defined as
the trade weighted average price of foreign currency in terms of domestic currency, and the
real effective exchange rate that is defined as the trade weighted average relative price of
foreign output in terms of domestic output. These exchange rates are necessary for any
domestic sector to conduct a transaction in either international commodity markets or
international financial markets.

G. Export Sector

The structurally more complex export sector consists of two layers of agents based on
considerations similar to those of the structurally more complex production sector.
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In the lower layer, continuums of monopolistically competitive industry specific
intermediate export good firms produce and sell industry specific differentiated
intermediate export goods or services to domestic industry specific final export good
firms, purchase industry specific final output goods or services from domestic
industry specific final output good firms and utilize them for production (if they
produce industry specific intermediate export goods or services that are
internationally homogeneous energy or nonenergy commodities, they can purchase
the industry specific final output goods or services from either domestic industry
specific final output good firms or the international commaodity markets, due to the law
of one price for internationally homogeneous energy or nonenergy commaodities), and
pay dividends to domestic households for holding their specific shares.

In the upper layer, a large number of perfectly competitive industry specific final
export good firms combine industry specific differentiated intermediate export
goods or services supplied by domestic industry specific intermediate export good
firms to produce industry specific final export goods or services, and they're
eventually sent to foreign production sector (to be taken as intermediate inputs) or
foreign absorption sector (to be taken as final output goods or services), with the help
of the import sector of that foreign economy. Here the proportions of various import
demand of other economies for the above industry specific final export goods or
services are determined by the corresponding row in the OECD ICIO table.

In addition, the settings of the structurally more complex export sector not only consider the
industry specific nominal export price rigidity in the industry specific export market, but
also innovatively incorporate the transmission mechanism between upstream and
downstream quantities and prices in the global supply chain.

H. Import Sector

The structurally more complex import sector consists of three layers of agents based on
considerations similar to those of the structurally more complex production sector.

In the lower layer, continuums of monopolistically competitive economy specific
and industry specific intermediate import good firms produce and sell economy
specific and industry specific differentiated intermediate import goods or services to
domestic economy specific and industry specific final import good firms, purchase
economy specific and industry specific final export goods or services from industry
specific final export good firms of the corresponding economy, and pay dividends to
domestic households for holding their specific shares.

In the middle layer, a large number of perfectly competitive economy specific and
industry specific final import good firms combine economy specific and industry
specific differentiated intermediate import goods or services supplied by domestic
economy specific and industry specific intermediate import good firms to produce
economy specific and industry specific final import goods or services that are needed
by domestic industry specific final import good firms.

In the upper layer, a large number of perfectly competitive industry specific final
import good firms combine economy specific and industry specific final import

goods or services supplied by domestic economy specific and industry specific final
import good firms to produce industry specific final import goods or services, they're
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either needed by domestic industry specific intermediate output good firms in various
domestic industries to serve as the intermediate inputs for production, or needed by
domestic industry specific final absorption good firms in the additionally added virtual
“absorption sector”, in order to produce industry specific final private consumption,
residential investment, business investment, public consumption and public
investment goods or services. Here the proportions of various uses of the above
industry specific final import goods or services are determined by the corresponding
columns in the OECD ICIO table.

In addition, the settings of the structurally more complex import sector not only consider the
economy specific and industry specific nominal import price rigidity in the economy
specific and industry specific import market, but also innovatively incorporate the
transmission mechanism between upstream and downstream quantities and prices in
the global supply chain. Since we further incorporate the structure of import tariff into the
import sector relative to the GFM introduced in Vitek (2015, 2018), the import price should
distinguish between the pre-tariff import price and the post-tariff import price, which is very
helpful for the analysis of the effect of tariff agreements or trade agreements.

|. Balance of Payments Sector

The balance of payments sector not only defines the US dollar denominated net foreign
asset position, the US dollar denominated current account balance and the US dollar
denominated trade balance, but also defines the relationship between them and the
constraints they should meet (such as the clearing of the international commaodity markets or
multilateral consistency in nominal trade flows). In addition, we further incorporate the
structure of international direct investment, including the structure of foreign direct
investment (FDI) and outbound direct investment (ODI) into the balance of payments
sector, compared with the original GFM introduced in Vitek (2015, 2018).

J. Virtual “Absorption Sector”

In order to form a closed loop of national accounting, two layers of virtual final absorption
good firms are additionally added to each economy as a separate sector.

° In the lower layer, a large number of perfectly competitive industry specific final
absorption good firms combine the industry specific final output goods or services
(including domestically produced industry specific private consumption, residential
investment, business investment, public consumption and public investment goods or
services) from domestic industry specific final output good firms, with the industry
specific final import goods or services from domestic industry specific final import
good firms, in order to produce industry specific final private consumption, residential
investment, business investment, public consumption and public investment goods or
services.

° In the upper layer, a large number of perfectly competitive final absorption good
firms combine the industry specific final private consumption, residential investment,
business investment, public consumption and public investment goods or services
from domestic industry specific final absorption good firms, in order to produce final
private consumption, residential investment, business investment, public
consumption and public investment goods or services, which are needed
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correspondingly by the domestic household sector, the domestic construction sector,
the domestic production sector, and the domestic government sector.

K. Government Sector

The government sector is composed of the monetary authority, the fiscal authority, and the
macroprudential authority.

° The monetary authority implements monetary policies through control of the
nominal policy interest rate, and the specific adjustment formula of nominal policy
interest rate depends on the specific exchange rate and inflation targeting
arrangement of a specific economy. Briefly speaking:

0 Under a free floating exchange rate and flexible inflation targeting arrangement,
the nominal policy interest rate depends on a weighted average of the past
nominal policy interest rate and the desired nominal policy interest rate, while the
desired nominal policy interest rate responds to the expected future domestic
consumption price inflation and the contemporaneous domestic output gap.

o Under a managed exchange rate arrangement, the nominal policy interest rate
depends on a weighted average of the past nominal policy interest rate and the
desired nominal policy interest rate, while the desired nominal policy interest rate
responds to the expected future domestic consumption price inflation, the
contemporaneous domestic output gap, and the intertemporal change in the
nominal effective exchange rate of the domestic currency.

o Under a fixed exchange rate arrangement (including the situation where the
economy belongs to a currency union but is not the primary economy of this
union), the nominal policy interest rate tracks the contemporaneous nominal
policy interest rate of the economy that issues the anchor currency for the
domestic currency, and responds to the intertemporal change in the
corresponding nominal bilateral exchange rate between currencies issued by
these two economies.

° The fiscal authority implements fiscal policies through control of public consumption
and industry specific public investment, adjustments of tax rates applicable to
corporate earnings, household labor income and imports, the operation of a budget
neutral nondiscretionary lump sum transfer program that redistributes national
financial wealth from capital market intermediated households to credit constrained
households while equalizing steady state equilibrium consumption across
households, the operation of a discretionary lump sum transfer program that provides
income support only to credit constrained households, and the accumulation of
industry differentiated public investment. Here the budgetary resources of the fiscal
authority can be transferred intertemporally through transactions in the domestic
money and bond markets.

0 The control of public consumption and industry specific public investment (final
public consumption goods or services and industry specific final public
investment goods or services come from the additionally added virtual
“absorption sector”) satisfy countercyclical fiscal expenditure rules, in order to
achieve public wealth stabilization objectives.
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The adjustments of tax rates applicable to corporate earnings, household labor
income and imports satisfy acyclical fiscal revenue rules. Since the structure of
import tariff is further incorporated into this model relative to the GFM introduced
in Vitek (2015, 2018), tariff revenue is also added to the tax revenue of the
government sector accordingly.

The ratio of nondiscretionary lump sum transfer payments to nominal output
satisfies a nondiscretionary transfer payment rule that stabilizes national financial
wealth, in order to achieve national financial wealth stabilization objectives.

The ratio of discretionary lump sum transfer payments to nominal output satisfies
a discretionary transfer payment rule that stabilizes public financial wealth, in
order to achieve public financial wealth stabilization objectives.

The industry differentiated public investment is accumulated to form industry
differentiated public physical capital stock, which further influences industry
differentiated labor productivity to reflect the government's differentiated industry
policies or differentiated support for sunrise and sunset industries.

The fiscal authority accumulates public financial wealth subject to the dynamic
budget constraint function of the government.

The macroprudential authority implements macroprudential policies through
control of a regulatory bank capital ratio requirement, and control of loan to value
ratio limits.

0 The regulatory bank capital ratio requirement applicable to bank capital

accumulation of domestic intermediate banks satisfies a countercyclical capital
buffer rule.

The regulatory mortgage loan to value ratio limit applicable to borrowing by
domestic real estate intermediate developers from domestic final banks satisfies
the mortgage loan to value limit rule.

The regulatory corporate loan to value ratio limit applicable to borrowing by
domestic intermediate output good firms from domestic global final banks
satisfies the corporate loan to value limit rule.

L. Domestic Interbank, Money, Bond and Equity Markets

The domestic interbank, money, bond and equity markets are used to trade domestic
currency denominated interbank loans, domestic currency denominated both domestic and
foreign economy specific short term bonds, domestic currency denominated both domestic
and foreign economy specific and vintage specific long term bonds, domestic currency
denominated specific shares of domestic real estate developers, domestic currency
denominated specific shares of both domestic and foreign economy specific and industry
specific output good firms.

Domestically traded and domestic currency denominated interbank loans are traded
between domestic intermediate banks.



15

° Domestically traded and domestic currency denominated shares of domestic real
estate intermediate developers are sold to domestic bank intermediated households.

° Internationally traded and local currency denominated both domestic and foreign
economy specific short term bonds, internationally traded and local currency
denominated both domestic and foreign economy specific and vintage specific long
term bonds, internationally traded and local currency denominated shares of both
domestic and foreign economy specific and industry specific intermediate output
good firms are sold to domestic capital market intermediated households.

° Domestic currency denominated domestic short term bonds and domestic currency
denominated domestic vintage specific long term bonds issued by the domestic
government are also sold to the domestic fiscal authority to transfer its budgetary
resources intertemporally.

M. International Commodity and Financial Markets

In addition to all economies, there exist the international commodity markets and the
international financial markets in the world economic and financial system.

° In the international commodity markets, industry specific final export good firms of
one economy can sell economy specific and industry specific final export goods or
services denominated in this economy’s currency to economy specific and industry
specific intermediate import good firms of another economy. After this international
transaction is completed, these internationally homogeneous or heterogeneous
goods or services will change from the industry specific final export goods or services
of the export sector of the original economy to the economy specific and industry
specific differentiated intermediate import goods or services of the import sector of
the new economy.

° In the international financial markets:

0 The capital market intermediated households of one economy can buy
internationally traded and local currency denominated economy specific short
term bonds, internationally traded and local currency denominated economy
specific and vintage specific long term bonds, internationally traded and local
currency denominated specific shares of economy specific and industry specific
output good firms that come from other economies.

o Industry specific intermediate output good firms of one economy can sell their
specific shares to capital market intermediated households of other economies.

0 Global final banks of one economy can buy economy specific local currency
denominated final corporate loans from the banking sectors of other economies,
in order to combine them to produce domestic currency denominated final
corporate loans that can be issued to domestic industry specific intermediate
output good firms.

The international financial markets need to cooperate with the domestic interbank, money,
bond and equity markets of any specific economy to help those internationally traded and
local currency denominated economy specific short term bonds, internationally traded and
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local currency denominated economy specific and vintage specific long term bonds,
internationally traded and local currency denominated specific shares of economy specific
and industry specific output good firms flow into various sectors of this economy.

I1l. Mathematical Model

This section introduces the mathematical model, which could be considered as the
realization of the theoretical framework introduced in Section Il. Specifically, the following
subsections include the introduction of optimization problems and corresponding constraints
for each sector of a representative economy, the settings for various domestic and
international markets, and the settings for all market clearing conditions in the large-scale
AGMFM. It is worth pointing out that the innovative work around the AGMFM has been
inspired by a variety of modelling ideas and flexible modelling techniques, most of which
come from Ljungqvist and Sargent (2004) and Stachurski and Sargent (2020).

First of all, it needs to be pointed out uniformly that variable subscript “i" or “j" or “i*”
represents the i-th or j-th or i*-th economy, i orj € {1,2, ..., N}, N is the total number of
economies contained in the large-scale AGMFM, and for most cases i* is adopted to
represent that the i*-th economy issues the anchor currency for the currency of the i-th
economy. Variable subscript “k” or “m” represents the k-th or m-th industry, and korm €
{1,2,...,45}.

In addition, all the parameters not specifically described below are either for specific setting
in modelling or for specific adjustment in model derivation. Readers are also suggested to
refer to Vitek (2015, 2018) for relevant details in the original mathematical model, based on
which the AGMFM is further developed.

A. Household Sector

A continuum of domestic households indexed by h € [0,1] is divided into the following three
types: the bank intermediated households, the capital market intermediated households, and
the credit constrained households. A household of any type consists of a continuum of
members Ny, ¢;, and there is full risk sharing among members within this household, who
supply indivisible differentiated intermediate labor services Ly, ¢; indexed by f € [0,1] to the
labor supply sector, also incurring disutility from work indexed by g € [0,1] if they are
employed and zero otherwise. Each household is originally endowed with one share of each
domestic real estate intermediate developer, domestic industry specific intermediate output
good firm, domestic intermediate bank, domestic industry specific intermediate export good
firm, and domestic economy specific and industry specific intermediate import good firm.

Type |. The bank intermediated household chooses state contingent sequences in the
current period s = t and all future periods s = t + 1,t + 2, ... for consumption Cy, ;(s), housing

Hypi(s), labor force participation {Nh,f,i(s)}%zo or labor supply {Ly ¢;(s)}{=, @and nominal
property balances Aﬁf (s + 1) that consist of both bank deposit holdings B}?"iH (s+ 1) and real
estate holdings {51?,'1,2(5 + 1)}1_,, in order to maximize its following intertemporal utility
function:
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subject to the following dynamic budget constraint:

ARG+ D) = (1489 AR + 18) + (1= ) [, Wi G L (5) df -
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and also subject to terminal nonnegativity constraints that Ay} (s + 1) > 0, By (s + 1) > 0
and Shle(s+ 1) = 0 fors — oo.

Here,

PC(s) is the comprehensive consumption price level, which can be further expressed as the
industry-level consumption weighted average of the consumption price level in the i-th
economy for the final goods or services from the domestic and foreign k-th industry

Z 2, Contribution_C; i P; k(s);
ic(s) is the consumption demand shock;

B
CB(s) = h¢=0 Chi(s)dh is the aggregate consumption of all the bank intermediated

households;
¢B is the percentage of bank intermediated households among all households;

L‘Ei (s) = fh¢:B0 Ly ¢i(s)dh is the differentiated intermediate labor services supplied by all the
bank intermediated households;

iﬁf’ﬂ (s) is the return rate of nominal property balances Aﬁf (s);

B (s) is the dividend payments for the bank intermediated household from holding various
kinds of shares except shares of domestic real estate intermediate developers, since iﬁf'“ (s)
has already included the dividend payment per specific share of domestic real estate
intermediate developer;

1 (s) is the labor income tax rate;

We;(s) is the nominal wage;

d1(s) is the rental price of housing.

Endogenous preference shifter for housing v H(s) depends on both the aggregate
consumption of all the bank intermediated households CE(s) and the aggregate consumption
of all three types of households C;(s), according to the following intratemporal subutility
function:

B
UiH’H (s) = viH'H (Cibgs) —oCl i 1)) (G (s))c
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Endogenous preference shifter for labor supply U H(s) depends on the trend labor
productivity (which exhibits partial adjustment dynamics of labor productivity) A;(s), the
aggregate consumption of all the bank intermediated households CE(s), the final labor
services of all three types of households L;(s), and the labor supply shock v (s), according
to the following intratemporal subutility function:

1

LH s cC?(s—l))_E Li(s)—alLi(s—1)
— i ( :
() = Ai(s) $B <Li(s)>
V{"(S)

Endogenous preference shifter for nominal property balances u H(s) depends on both the
aggregate consumption of all the bank intermediated households C2(s) and the aggregate
consumption of all three types of households C;(s), according to the following intratemporal
subutility function:

B
UF'H(S) = v?'H (Cibgs) —oCl i 1)) (G (s))u

Nominal property balances AE;?(S + 1) of the bank intermediated household are further

distributed across both bank deposit holdings BD'H (s + 1) and real estate holdings

{Shle(s + 1)}1_,. The bank intermediated household’s preferences over the real value of
DH( ) HH

1 1
T and the real value of real estate portfolio T)) are represented by

the following constant elasticity of substitution intratemporal subutility function:

bank deposits

Ly
lIJH—l YH-_17ypH-1

Aﬁ;i“(su)_ H Bl (s+1) e (1 Shils+1)\ vH
PE(s) (1 - H)e" ( PE(s) ) + (") (v{*(s) PE(s) )

Here vi(s) is the housing risk premium shock.

Since the value of real estate portfolio is further allocated across the values of specific
shares of domestic real estate intermediate developers, the bank intermediated household’'s
preferences over the real values of specific shares of domestic real estate intermediate

VL ()P (s+1)) " , -
%} are represented by the following constant elasticity of
i e=0

substitution intratemporal subutility function:

developers {

IIJH
yH-1 o i
Shil(s+1) fl (vﬁe(s)sﬁ31(s+1)) yH de
PE(s) ~ |Je=0 PE(s)

Here Vi‘_*e(s) is the price per specific share of domestic real estate intermediate developer.

The return rate of nominal property balances iﬁf'H (s) for the bank intermediated household
can also be split accordingly as follows:
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Here,
i’ (s — 1) is the interest rate of bank deposits;

1ﬁlfH (s) is the return rate of real estate portfolio.

The total return yielded by real estate portfolio for the bank intermediated household is split
into returns yielded by various specific shares of domestic real estate intermediate
developers:

(1+1h1 (s))s}‘jf‘(s)_ [ () + V() SE (5)de

Here Hi*_{e (s) is the dividend payment per specific share of domestic real estate intermediate
developer.

Type Il. The capital market intermediated household chooses state contingent sequences
in the current period s = t and all future periods s = t + 1,t + 2, ... for consumption Cy,;(s),

housing Hy ;(s), labor force participation {Nh,f,i(s)}%zo or labor supply {Lh,f,i(s)}%zo, and
nominal portfolio balances Aﬁ'lH (s + 1) that consist of domestic and foreign economy specific
short term bond holdings {Bh”(s + 1)}] 1, domestic and foreign economy specific and
vintage specific long term bond holdings {{Bhuv(s + Di- 1}]- 1, and domestic and foreign
economy specific and industry specific and firm specific stock holdings {{{Shu k(s +
1)}1:0}k:1}j=1, in order to maximize its following intertemporal utility function:
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subject to the following dynamic budget constraint:

AP+ = (14i"©) AE +1A© + (1 - H©) [L, Wes(li i) df +
T (s) = RE(s)Cn,i(s) — 4 (5)Hp1(s)

and also subject to terminal nonnegativity constraints that Aﬁ“(s +1) >0, Bhl](s +1) 20,
B}I;:i_]v(s + 1) = 0 a-nd Shl]kl(s + 1) = 0 fOF S — ©0,

Here,
PiC (s), viC (s), T(s), Wei(s) and d1(s) for the capital market intermediated household are the
same as those for the bank intermediated household;

CA(s) = f B"’ Cp,i(s)dh is the aggregate consumption of all the capital market
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intermediated households;
A is the percentage of capital market intermediated households among all households;

L‘%i (s) = th):Bq:qu’A Ly ¢i(s)dh is the differentiated intermediate labor services supplied by all the
capital market intermediated households;

iﬁ_?'“ (s) is the return rate of nominal portfolio balances AAH(s)

A (s) is the dividend payments for the capital market intermediated household from holding
various kinds of shares except shares of domestic industry specific intermediate output good
firms, since if}j’H (s) has already included the dividend payment per specific share of
domestic industry specific intermediate output good firm;

T}fj;N(s) is the nondiscretionary lump sum transfer payments specifically for the capital

market intermediated household, and the budget neutral nondiscretionary lump sum transfer
program is operated by the fiscal authority in the government sector to redistribute national
financial wealth from capital market intermediated households to credit constrained
households while equalizing steady state equilibrium consumption across households.

Endogenous preference shifter for housing U Hs) depends on both the aggregate
consumption of all the capital market intermediated households C#(s) and the aggregate

consumption of all three types of households C;(s), according to the following intratemporal
subutility function:

ct Ci(s-1
P (5) = yHH (—a)ﬁf)—ac s )) ()¢

Endogenous preference shifter for labor supply u Hs) depends on the trend labor
productivity (which exhibits partial adjustment dynamics of labor productivity) A;(s), the
aggregate consumption of all the capital market intermediated households C2(s), the final

labor services of all three types of households L;(s), and the labor supply shock vN(s),
according to the following intratemporal subutility function:

1
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Endogenous preference shifter for nominal portfolio balances U H(s) depends on both the

aggregate consumption of all the capital market intermediated households C2(s) and the
aggregate consumption of all three types of households C;(s), according to the following
intratemporal subutility function:

ch ch(s—1
U?’H(S) = viA'H( 11>E‘S) — ot (S )) (G (s))pl

Nominal portfolio balances AAH(s + 1) of the capital market intermediated household are

further distributed across domestic and foreign economy specific short term bond holdings
{Bh”(s + 1)}] 1, domestic and foreign economy specific and vintage specific long term bond

holdings {{Bhl]v(s + 1)}V:1}j=1, and domestic and foreign economy specific and industry
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specific and firm specific stock holdings {{{Sh” k(s + DYool 1L, The capital market

intermediated household’s preferences over the real value of internationally diversified short
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PE(s)
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term bonds , the real value of internationally diversified and vintage diversified long

term bonds , and the real value of internationally diversified and industry diversified

FH

Pc(J;l) are represented by the following constant elasticity of

substitution intratemporal subutility function:

and firm diversified stocks
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Here,

vB(s) is the weighted average of domestic and foreign duration risk premium for the i-th
economy;

v (s) is the weighted average of domestic and foreign equity risk premium for the i-th
economy.

The capital market intermediated household’s preferences over the domestic currency
denominated real values of domestic and foreign economy specific short term bonds

SH N
Ei,j(S)Bh'i]'(S‘Fl) . .. . .
P-C—(’s’) are represented by the following constant elasticity of substitution
1 ]_1

intratemporal subutility function:
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Here,

vf (s) is the currency risk premium shock for the currency issued by the j-th economy;
E;;(s) is the nominal bilateral exchange rate of the currency issued by the i-th economy to
the currency issued by the j-th economy.

The capital market intermediated household’s preferences over the domestic currency
denominated real values of domestic and foreign economy specific and vintage specific long

N
Eij(s)VF, (s)Bhl]v(s+1)} }
v=1

term bonds {{ are represented by the following two constant

PE(s)
j=1

elasticity of substitution intratemporal subutility functions:
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Here Vj‘?v(s) is the price of economy specific and vintage specific long term bond.
The capital market intermediated household’s preferences over the domestic currency
denominated real values of domestic and foreign economy specific and industry specific and
45

are represented by the following two
k=1);_,

1
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firm specific stocks {{

constant elasticity of substitution intratemporal subutility functions:
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Here V]-’Sk,l(s) is the price per specific share of economy specific and industry specific
intermediate output good firm.

The return rate of nominal portfolio balances iﬁ_?'“ (s) for the capital market intermediated
household can also be split accordingly as follows:

.AAH .RSH .gLH
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Here,

iﬁsi'H (s) is the overall return rate of internationally diversified short term bonds;

iE'Li'H (s) is the overall return rate of internationally diversified and vintage diversified long
term bonds;

1}51F1H (s) is the overall return rate of internationally diversified and industry diversified and firm
diversified stocks.

Since short term bonds are discount bonds, the total return yielded by internationally
diversified short term bonds for the capital market intermediated household is split into
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returns yielded by various domestic currency denominated values of domestic and foreign
economy specific short term bonds {E; (s)B}Slfj (S)}]N=1:

(1+1 (s))Bﬁf‘(S)—z, LBy (8)(1+i5(s — DIBYT(s)

Here i]-S (s — 1) is the yield to maturity on economy specific short term bond.

Since long term bonds are perpetual bonds with coupon payments that decay exponentially
at rate w3, the total return yielded by internationally diversified and vintage diversified long
term bonds for the capital market intermediated household is split into returns yielded by
various domestic currency denominated values of domestic and foreign economy specific

and vintage specific long term bonds {{E;;(s)V; (S)Bhu V(s)}f,;ll}jlil:

(1 +1}11 (S)) B}I;P(S) Z] 1E1](S)(1 +1h1] (S))Bhlj(s)
(1+1h1] (s))Bh”(s) SSTU(ME(s) + VE()BLE ()

Here HB v () is the local currency denominated coupon payment per economy specific and
vintage specific long term bond, which has the following expression:

I3,(s) = (1 + i (V) — 0®) (@P)* V3, (v)

Here i}“(v) is the yield to maturity on economy specific and vintage specific long term bond at
issuance, and V5, (v) = 1.

The total return yielded by internationally diversified and industry diversified and firm
diversified stocks for the capital market intermediated household is split into returns yielded
by various domestic currency denominated values of domestic and foreign economy specific

and industry specific and firm specific stocks {{{E;;(s) ]kl(s)Sh” kl(s)}}zo}ﬁil}}ll:

(1+iﬁFi'H(s))S ) =3, 1,<s)(1+1h1,<s))shl,(s)
1+ 1h1] (s))Sh”(s) Py leO(Hj_k‘l(s) + V. 1(5))Sh1]k1(5)dl

Here ka_l (s) is the dividend payment per specific share of economy specific and industry
specific intermediate output good firm.

Type lll. The credit constrained household chooses state contingent sequences in the
current period s = t and all future periods s = t + 1,t + 2, ... for consumption Cy, ;(s), housing
Hpi(s), and labor force participation {Ny,¢;(s)}f=o or labor supply {Ly, ¢i(s)}{—o. in order to
maximize its following intertemporal utility function:
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Uni(®) = Ee 222 Bt (Cii (), Hini (), {Ligi ()}, ) = Ee ZEZe B4 vE(s) lﬁ(ch,i (s) -

1 1
cCs-1\' o f*'“ (s) - Ligi(s) L LS (s-1)
QL) T2 () T -l [, e (5ot B ) dgdf
s g=ol B
[0}

subject to the following dynamic budget constraint:

PE(S)Chi(s) + U (S)Hpi(5) = TIE(S) + (1= TH(9)) Sl Wei (9L g () df + Ty () + T (s)

Here,
PE(s), v (s), T (s), Wri(s) and !(s) for the credit constrained household are the same as
those for the bank intermediated household;

Ci(s) = fh¢ JB¢+ q:rAd) Chi(s)dh is the aggregate consumption of all the credit constrained
households;

¢¢ is the percentage of credit constrained households among all households, and ¢B + ¢* +
(I)C — 1

L(f:,i (s) = th) ;Bq:_q:-Aq)
the credit constrained households;

ME(s) is the dividend payments for the credit constrained household from holding various

kinds of originally endowed shares;

T}S;N (s) is the nondiscretionary lump sum transfer payments specifically for the credit
constrained household, and the budget neutral nondiscretionary lump sum transfer program
is operated by the fiscal authority in the government sector to redistribute national financial
wealth from capital market intermediated households to credit constrained households while
equalizing steady state equilibrium consumption across households;

T}S;D (s) is the discretionary lump sum transfer payments specifically for the credit constrained
household, and the discretionary lump sum transfer program is operated by the fiscal
authority in the government sector to provide income support only to credit constrained
households.

Ly ¢i(s)dh is the differentiated intermediate labor services supplied by all

Endogenous preference shifter for housing u Hs) depends on both the aggregate

consumption of all the credit constrained households Cf(s) and the aggregate consumption
of all three types of households C;(s), according to the following intratemporal subutility
function:

C
viH(s) = vt (C;)(CS) po{C D) (G (s))c
Endogenous preference shifter for labor supply u Hs) depends on the trend labor
productivity (which exhibits partial adjustment dynamics of labor productivity) A;(s), the
aggregate consumption of all the credit constrained households CE(s), the final labor

services of all three types of households L;(s), and the labor supply shock v (s), according
to the following intratemporal subutility function:
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1

LH ~ cE(s) cf(s-1)\ o Li(s)-alLi(s-1)
v (s) = Ai(s) (_¢c —a oC ) Lo:(s) X
Gy

B. Labor Supply Sector

The labor supply sector consists of two layers of agents. Variable subscript “f” is for labor
unions of workers in the lower layer.

In the lower layer, continuums of monopolistically competitive labor unions of workers
combine indivisible differentiated intermediate labor services from all types of households
Ly ¢i(s) to supply differentiated intermediate labor services L¢;(t) (unified symbol for L’;‘,i (v),

Lg; (v) or L%i(t) mentioned in the above Subsection A) to final labor service firms as follows:

1
Lei(®) = f,_o Lngi(s)dh

In the upper layer, a large number of perfectly competitive final labor service firms
combine differentiated intermediate labor services supplied by labor unions of workers Lg;(t)
to produce final labor services L;(t) needed by the production sector, according to the
following constant elasticity of substitution production function:

0)
elw-1  Jelw-1

Li(®) = [, (Les®) O df

CHO)
ok(H-1’

6} (t)
ek (t-1

Here the exponent has the meaning of wage markup shock 9&(t) =

“Perfectly competitive” means in equilibrium the final labor service firms maximize profits
derived from production of the final labor services L;(t) with respect to inputs of intermediate
labor services L¢;(t), implying the following labor service demand functions:

L
wii©) "o ®
Li® = (5a5)  LO

Since in equilibrium the final labor service firms generate zero profits, then the aggregate
wage index W;(t) can be expressed as the integral of the wage for intermediate labor
services We;(t):

1

1-6k(t)

mm=k4wmf“%4

In addition, each household consists of a continuum of members Ny, ¢; and there is full risk
sharing among household members, they supply indivisible differentiated intermediate labor
services Ly ¢; to labor unions. The gap between the total labor force N;(t) =

ff1=0 fhl=0 Nnti(s) dhdf and the final labor services (also called the total employment) L;(t)
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constitutes the unemployment U;(t) = N;(t) — L;(t) and the unemployment rate u-(t) =
Ui (0)

In each period t, a randomly selected fixed fraction w" of labor unions adjust their wage
PE(t-1)

W (t) to account for the past consumption price inflation 2

and the past trend labor

Ai(t-1)
Aj(t-2)’

productivity growth according to the following partial indexation rule:

PC(t-1)A;(t-1) s PC(t—1)A;(t-1) 1-y"
Wi (6) = (Pic(t—z)ﬁi(t—Z)) (l_DiC(t—Z)Zi(t—Z)) Wi (t—1)

SCre =
fic(t D and 2147 are the steady state equilibrium values of
Py (t-2) Ai(t-2)

€l X (t—
PEC=D) g Ailt=D)

Here PE(t-2) A;(t-2)

The remaining fraction (1 — w") of labor unions adjust their wage optimally, in equilibrium
they all choose a common wage W;'(t) given by the following necessary first order condition:

wi® _
wi(®

L
s—t_ou(s) ou(s) [ L L 6i'(s)

E 5% (wL)s—t aChi(s) 1. S\a_Lh‘f,i(s) PE(t-DA{(t-1) Y PC(t-DE{(t-1) 1-y wi(s)
tis=t ou(t) i Y u(s) Clom VA (s— BCle 1A (s— Wi (t)
0Ch,i(t) 0Ch,i(5) Pl (s—1DAj(s-1) P1 (s—1DAj(s-1) i

oy —0F(s)
W (t) 1
<W) Lni(s)

YL _ 1-yL o} (s)-1 oL(s)
Wi(s) (Pf(t—l)ﬁi(t—n) <§ic(t_1)gi(t_1)> Wj(s) <w;‘<t>)‘ i
Pl [\PEs-DAi(s-1))  \PE(s-DA (s-1) wi(t) wi(®)

s—tagu(s() )

" &

Ee I (08) —aat (0L ()-1)(1-tk(s)
0Ch,i(t)

Lp,i(s)

Here u(s) is the brief symbol for the utility function of any type of household

1 AB'iH(s+1) AA'iH(s+1)
u(Ch’i(s),Hh'i(s),{]_‘h’f'i(s)}fzo, hf»_c(s) or hi:’-c(s) orNone).

Under this specification, although labor unions adjust their wage in every period, they
infrequently do so optimally, and the time interval between optimal wage adjustments is a
random variable. Then the aggregate wage index W;(t) equals an average of the wage set
by the randomly selected fixed fraction (1 — w") of labor unions that adjust their wage
optimally, and the average of the wages set by the remaining fraction w" of labor unions that
adjust their wages according to the above partial indexation rule:

1
. 1-65()) 1-6L(®
vy 1-0F (D)
Wi(®) =4 @ - o)W ®) 7 +wb

C % Y oc = 1yt
(Pi (t—l)Ai(t—1)> (Pi (t—l)Ai(t—l)) Wi(t—1)
PE(t-2)A;(t-2) PE(t-2)A;(t-2) !

All the above intertemporal adjustment mechanism of wages cause nominal wage rigidity
in the labor market.

C. Construction Sector

The construction sector consists of two layers of agents. Variable subscript “e” is for real
estate intermediate developers in the lower layer.

In the lower layer, continuums of monopolistically competitive real estate intermediate
developers choose state contingent sequences in the current period s = t and all future
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periods s =t+ 1,t + 2, ... for residential investment l{‘e(s) and housing stock H; ¢(s + 1), in
order to maximize the following pre-dividend stock market value:

o B
ML () + VA () = B 22 s 2 1k (o)

subject to the following housing accumulation function:
Hie(s+ 1) = (1 — 8")H;(s) + HI(I{L(s), Ife(s — 1))
and also subject to terminal nonnegativity constraint that H; (s + 1) = 0 for s — oo.

Here,

HlHe(t) and V,e(t) are the dividend payment and price per specific share of domestic real
estate intermediate developer;

AB(s) is the Lagrange multiplier associated with the dynamic budget constraint for the bank
intermediated household in period s in the above Subsection A.

HH(I =(s), I s — 1)) is the effective residential investment function, which incorporates
convex adjustment costs for the intertemporal change in residential investment as follows:

2
HH (1), (s~ ) = v (s)[1—7 IH‘e(”)—l)]li’?e(s>

Here v}H (s) is the residential investment demand shock.

The dividend payment per specific share of domestic real estate intermediate developer
H{‘e(s) equals to the total net profits of domestic real estate intermediate developer:

M(s) = dLSH;e(s) + [BEL (s + 1) = (1-8M(9)) (1 + M — 1) BE ()] - B (9)1EL (5)

Here,

l{{e(S)Hi’e(S) is the earning of real estate intermediate developer from selling differentiated
intermediate housing services H;((s) to real estate final developers at rental price LiHe(s);
[BC Pis+1) - (1 - 8}“(5)) (1 +iM(s - 1)) B D(s)] is the net borrowing of real estate
intermediate developer from the banking sector, which is defined as the increase in
mortgage loans from domestic final banks BC D(s + 1), net of writedowns at mortgage loan
default rate §M(s) and interest payments at mortgage loan rate iM (s — 1);

PI (s)l - (s) is the residential investment expenditure, identical final residential investment

goods or services l «(s) are purchased from the additionally added virtual “absorption
sector”;

PiIH (s) is the price of both residential investment and housing stock.

Given regulatory mortgage loan to value ratio limit $P (s) required by the macroprudential
authority in the government sector, domestic real estate intermediate developer can only
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maintain mortgage loans BféD (s + 1) equal to a fraction of the value of its housing stock
P! ($)H, (s + 1):

C,D
Bie (s+1)
IH
Pi (S)Hje(s+1)

= ¢P(s)

In addition, the Lagrange multiplier associated with the above-mentioned housing
accumulation function Q «(t) has the meaning of shadow price of housing:

AR H fe(t+1) P! .
Q&(0==Etﬁx§§“{P‘(t+1){‘ - — PO 0 [(1 e+ 1) (1+0) -

e+ w”a +1)
O H
B_/\?(HD]} +(1-8")Qlk(t+ 1)}

In the upper layer, a large number of perfectly competitive real estate final developers
combine differentiated intermediate housing services supplied by domestic real estate
intermediate developers H; . (t) to produce final housing services H;(t) that are needed by all
types of domestic households, according to the following constant elasticity of substitution
production function:

CIHO)
oflw-1  JeHm-1

Hi(t) = felzo (Hi,e(t)) oo ge

6} (t)
eH(-1

markup shifter 97 (t) = 0i'®
1 e?(t)—l'

Here the exponent has the meaning of the endogenous rental price of housing

“Perfectly competitive” means in equilibrium the real estate final developers maximize profits
derived from production of the final housing services H;(t) with respect to inputs of
intermediate housing services H;((t), implying the following housing service demand
functions:

-61'(®)

He(®
He® = (%5)  HO

Since in equilibrium the real estate final developers generate zero profits, then the aggregate
rental price index of housing 1!(t) can be expressed as the integral of the rental price of
intermediate housing services li}_*e(t):

1
1-61() 1-6H(0)
dp) = [ fe1=0 (L{‘e (t)) de]

In each period t, all real estate intermediate developers adjust their rental price of housing
optimally, in equilibrium they all choose a common rental price of housing LiH'*(t):
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Hrw e [ p M M Pl (t-1) QL
P%H(t) = B (D1 ¢ (t—1) (1 — §; (t)) (1 +i (t— 1)) P{H(t) - (1 -8 )P{H(t)

Then the aggregate rental price index of housing 1!(t) equals LiH'*(t).

D. Production Sector

The structurally more complex production sector with 45 industries is innovatively
constructed based on the structurally simple total production sector of the GFM introduced in
Vitek (2015, 2018). Specifically, we not only build the intra-industry and inter-industry
structure of this sector from nonexistence to existence, but also help this sector fully
characterize the massive and accurate inter-country cross-industry input-output relations and
utilize the rich industry-level information provided by the OECD ICIO tables as much as
possible. Among all sectors it is the most complex sector that consists of 45 industries
(Appendix 1), while each industry further consists of two layers of agents. Variable subscript
“I” is for industry specific intermediate output good firms in the lower layer of each industry.
First of all, among 45 industries classified by the OECD ICIO tables:

° The 3" industry-{ Mining and quarrying, energy producing products } and the 10™
industry-{ Coke and refined petroleum products } are mainly considered as the
industries that produce internationally homogeneous energy commodities, which
would become intermediate inputs for domestic and foreign production sector or final
output goods or services for domestic and foreign absorption sector.

° The 1%t industry-{ Agriculture, hunting, forestry }, the 2" industry-{ Fishing and
aquaculture }, the 4" industry-{ Mining and quarrying, non-energy producing
products }, the 14" industry-{ Other non-metallic mineral products }, the 15" industry-
{ Basic metals }, and the 16" industry-{ Fabricated metal products } are mainly
considered as the industries that produce internationally homogeneous nonenergy
commodities, which would be taken as intermediate inputs for domestic and foreign
production sector or final output goods or services for domestic and foreign
absorption sector.

° All the remaining 37 industries are mainly considered as the industries that produce
internationally heterogeneous goods or services, to be taken as intermediate inputs
for domestic and foreign production sector or final output goods or services for
domestic and foreign absorption sector.

Since we further incorporate the structure of international direct investment into this
AGMFM relative to the original GFM introduced in Vitek (2015, 2018), the domestic business
investment for the production sector of the i-th economy Iilfkll(t) should always be replaced
by the innovatively added domestic and foreign business investment inflow from all
economies (including from the i-th economy itself) to the production sector of the i-th
economy If}g{‘(t). Please refer to the following Subsection | for more details around the
domestic and foreign business investment inflow.

In the lower layer of each industry, continuums of monopolistically competitive industry
specific intermediate output good firms choose state contingent sequences in the current
period s = t and all future periods s =t + 1,t + 2, ... for final labor services (also called
employment) L;y(s), the capital utilization rate u{‘kl (s), the domestic and foreign business
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investment inflow Iilflg{l(s), and the private physical capital stock K; (s + 1), in order to

maximize the following pre-dividend stock market value:

A (s)
M (0 + Vi () = E T2 ms M (s)

subject to the following production function:

Yiki(s) =
Yi,k—ZjN=1 Thi=1Yjmoik

K

1 (Ai,k(S)Li,k,l(S))l_M{] s [T (Y] m*lkl(s))

]m—»lk

¢
[(u{(k,l ($)Kik, (S))
subject to the following private physical capital accumulation function:
Kiga(s + 1) = (1= 8)Kipi(s) + HAST (), Ler (s = 1)
and also subject to terminal nonnegativity constraint that K; (s + 1) = 0 for s — oo.

Here,
Hlskl(t) and V, kl(t) are the dividend payment and price per specific share of domestic
industry specific intermediate output good firm;

A (s) is the Lagrange multiplier associated with the dynamic budget constraint for the capital

market intermediated household in period s in the above Subsection A;

Yik1(s) is the industry specific differentiated intermediate output goods or services produced

by industry specific intermediate output good firm.

Compared with the simple production function in the structurally simple total production
sector of the original GFM introduced in Vitek (2015, 2018), here the innovatively improved
production function:

o Utilizes final labor services L) (s) with the economy specific and industry specific

labor productivity A; (s) instead of the economy specific labor productivity A;(s), and

A;x(s) not only depends on the economy specific and industry specific per capita

( i to reflect the government's differentiated support

for sunrise and sunset mdustrles in different countries, but also relies on the labor
productivity shifter for the k-th industry of the i-th economy v{}k(s) to reflect economy

specific and industry specific technology diffusion among all domestic and foreign
industries that have input-output relation with the k-th industry of the i-th economy,

public physical capital stock

which is the weighted average of the labor productivity shock for any specific industry

of any specific economy v}, (s):

A
G -¢
Kl k(s))
A Yj,moik A 1 Kok
» ) _}\

Ai,k(s) = ( 1k(s)) (N k(s)

1k(S) - l_[] 1 ( ]m(S)) Z}leﬁf’:lYi"mHi’k (Vﬁk(S)) E’ E m’=1"j"m'>ik
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Correspondingly, the economy specific and industry specific trend labor productivity
A, x(s) that exhibits partial adjustment dynamics is expressed as follows:

Aix(s) = Ayl — D) (A )"

Additionally utilizes a part of industry specific final output goods or services from all

domestic and foreign industries Y;j i x1(s), to serve as intermediate inputs, here the

ratio of total output minus intermediate inputs of the k-th industry of the i-th economy

Yik—2its Zivet Vimoik
Yik

ratio of industry specific final output goods or services from the m-th industry of the j-

th economy that are adopted as intermediate inputs of the k-th industry of the i-th

to the total output of the k-th industry of the i-th economy , and the

jmoik

economy to the total output of the k-th industry of the i-th economy ! v
ik

calculated based on the corresponding column in the OECD ICIO table.

are all

In order to reduce the large number of new intermediate variables
{{Yj,mei,k,l(s)}ﬁ'nszl}}il that are introduced into the above expanded production function
as various intermediate inputs, the input-output elasticity elasticitygya_ik Specifically
for the gross value added (GVA) created by capital and labor input

off 1-¢f
(ui(k,l ($)Kik, (S)) (Ai,k(S)Li,k,l (S))
specifically for the input from the m-th industry of the j-th economy to the k-th industry

of the i-th economy Y; ,, i k(s), and a fraction m}f;fﬁi,k of the total output of the m-th

industry of the j-th economy Y; 1, (s) to serve as intermediate inputs, are additionally
estimated based on the econometric estimation of time series that are composed of

the corresponding column in the OECD ICIO tables, then

(‘D]hhfwi Y m (8))e1sUciim-ik is adopted to replace Y m,ix1(s), ultimately the above-

mentioned innovatively expanded production function is changed to the following
form:

bi . -
, the input-output elasticity elasticity; m_;x

Yiki1(s) =

N 45
Yik—2j=1 Zm=1Yjm-ik
Yik

elasticit, i
1_¢%<] YGVA-ik

[(u;(k,l (s)Kik1 (s))d’%( (Ai,k(S)Li,k,l(s))

Yjm-ik
)elasticity]-,m_,i_k] Yik

N 45 h,f
Hj:l m=1 [(wj,m—q,ij,m(S)

Correspondingly, the potential output of the k-th industry of the i-th economy (the
inferred industry-level total output given full utilization of private physical capital,
effective labor and potential-output-level intermediate inputs from all domestic and
foreign industries) Y;(s) is calculated using private physical capital stock K;(s)
instead of utilized private physical capital stock uﬁk,l(s)Ki,k,l(s), effective labor force

hf
j,m-i,

Aix(s)Njx,(s) instead of effective employment A; (s)Ljk,(s), and a fraction w x Of

the potential output of the m-th industry of the j-th economy Yj,m (s) to serve as
intermediate inputs instead of a fraction ‘D]!?}fwi,k of the total output of the m-th

industry of the j-th economy Y; ,(s) to serve as intermediate inputs:
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N 45
Yik=2j=1 Zm=1Yjm-ik
Yik

K] elasticitygva-ik
i

Yiki(s) = [(Ki,k,l(s))¢¥ (Ai,k(S)Ni,k,l(S))l_

Yjm-ik
)elasticity]-,m_,i_k] Yik

N 45
Hj=1 mzl[( ]m—>1kY

In the above private physical capital accumulation function, H(lf(kl{‘(s) llKkl{‘(s — 1)) is the

effective business investment function, which incorporates convex adjustment costs for the
intertemporal change in business investment as follows:

K K Km(s) 2
HAST ), s = 1) = vl (s) [1 —%(—‘kl . ) ] I (s)

Tijer €
Here v{K(s) is the business investment demand shock.

The dividend payment per specific share of domestic industry specific intermediate output
good firm ka,l(s) equals to the total net profits of domestic industry specific intermediate
output good firm:

() = (1 —rK(s>)(,k1(s)Y,k1(s> Wi(S)Lijr(s) — @pa(s)) + [BEI (s + 1) —
(1-85)) (1 +if5(9)) BEH )] - B @157 )

Here tX(s) is the corporate income tax rate.

The pre-tax earnings of domestic industry specific intermediate output good firm

(Pi?{('1 ()Yik1(s) — Wi(s)Li1(s) — @ik, (s)) equals to the revenue from selling industry specific
differentiated intermediate output goods or services Y;x(s) to domestic industry specific final
output good firms at output price Pii,l (s), less the expenditure on final labor services L;y(s)
at wage price W;i(s), and less other variable cost ®; y(s) that increases as the capital
utilization rate uf(s) increases:

K
ypa(s) = B (5) 2 [ (D) — 1] Ky (s) + Fic(s)

Here,

PiIK (s) is the price of both business investment and private physical capital stock;
T; is the i-th economy's broad level of taxation (as a proportion of the i-th economy's nominal
GDP);

iFk(s) is the industry specific fixed cost to insure ®;,(s) = fllo D (s)dl = 0;
[ lkl(s +1) - (1 — SC(s)) (1 + iiC'E(s)) lkl(s)] is the net borrowing of industry specific

intermediate output good firm from the banking sector, which is defined as the increase in
corporate loans from domestic global final banks B; kl(s + 1), net of writedowns at corporate
loan default rate 8¢ (s) and interest payments at effective corporate loan rate iic'E (s);

P-IK (s)I.K'i{l(s) is the business investment expenditure, identical final business investment

goods or services IlKkl? (s) are purchased from the additionally added virtual “absorption
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sector”.

Given regulatory corporate loan to value ratio limit ¢f (s) required by the macroprudential
authority in the government sector, domestic industry specific intermediate output good firm

can only maintain corporate loans B-Cl'fl(s + 1) equal to a fraction of the value of its private

1

physical capital stock P (s)K; (s + 1):

CF
Bi'kll(s+1)

F
—_— = (s

P ($)Ki i1 (s+1) i ()

In addition, the Lagrange multiplier associated with the above-mentioned private physical
capital accumulation function Q{fk’l(t) has the meaning of shadow price of private physical
capital:

AA
Qi ® = B2 R (e D { e+
i
9Yijq1 (t+1) (- er)wiern) 1 _ (1 — K+ 1)) s [enK(u{(k,l(tH)—l) — 1] _
6(ufk’1(t+1)Ki_k_1(t+1)> P}K(t+1)Ai_k(t+1) Wik (D ! 1-7

O(Ai,k(t+1)]“i,k,l(t+1))

SFO S [(1- 85+ 1) (1415 + D) - ] Ly (1 - 80908+ 1)

Pl (e+1) BAR (t+1)

In the upper layer of each industry, a large number of perfectly competitive industry
specific final output good firms combine industry specific differentiated intermediate
output goods or services supplied by industry specific intermediate output good firms Y; y(t)
to produce industry specific final output goods or services Y;(t), according to the following
constant elasticity of substitution production function:

0k (®
O DG

Y—
Yik(t) = f11=0 (Yi,k,l(t)) %ik® gl

6y, . .
Here the exponent eY"E‘t()t)l has the meaning of the output price markup shock 9), (t) =
ik\Y~ ’
011V
8 (-1

“Perfectly competitive” means in equilibrium the industry specific final output good firms
maximize profits derived from production of the industry specific final output goods or
services Yk (t) with respect to inputs of industry specific differentiated intermediate output
goods or services Y; (1), implying the following output goods or services demand functions:

_gY
PiY,'k,l(t)) el,k(t)
P (®)

Yik1(t) = ( Y k(D)
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Since in equilibrium the industry specific final output good firms generate zero profits, then
the industry specific aggregate output price index Pi?{((t) can be expressed as the integral of

the output price of industry specific intermediate output goods or services Pi?{(,l(t):

1
Y
l—ei’k(t)

1-6}1(©)
Pl = [flio (Pii,l(t)) dl]

In addition, a large number of perfectly competitive final output good firms that exist in
the GFM introduced in Vitek (2015, 2018) are still retained in this new model, in order to
facilitate the macroeconomic activities and maintain the macroeconomic relations between
this production sector and other sectors or markets that do not distinguish between
industries. However, compared with the settings of final output good firms in the GFM
introduced in Vitek (2015, 2018), final output good firms in this structurally more complex
production sector combine the industry specific final output goods or services supplied by
domestic industry specific final output good firms Y; x (t) to produce final output goods or
services Y;(t) that do not distinguish between industries:

Y; t) = Hﬁil(Yi‘k(t))Contribution_Yi,k

Here Contribution_Y; x represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy, they are calculated based
on the corresponding column sum in the OECD ICIO table.

Correspondingly, the potential output of the i-th economy (the inferred total output given full
utilization of private physical capital, effective labor and potential-output-level intermediate
inputs from all domestic and foreign industries) Y;(t) is calculated using the industry-level
potential output of the i-th economy (the inferred industry-level total output given full
utilization of private physical capital, effective labor and potential-output-level intermediate
inputs from all domestic and foreign industries) Y i (t) instead of the industry-level total
output of the i-th economy Y; y (t):

'Y'i (t) = Hﬁil('Y"i‘k(t))Contribution_Yi,k

In each period t, a randomly selected fixed fraction w{ of industry specific intermediate

output good firms adjust their output price Pi?{(‘l (t) to account for the past industry specific
P} (t-1)
P (t-2)’

output price inflation according to the following partial indexation rule:

Y

1-vg v
) P (t—1)

Y
AL, = () (e
ikl P (t-2) P} (t-2)

Pl (t-1)
P (t-2)

P} (t-1)
Py (t-2)"

Here is the steady state equilibrium value of

The remaining fraction (1 — wy) of industry specific intermediate output good firms adjust
their output price optimally, in equilibrium they all choose a common industry specific output
price Pi?{('*(t) given by the following necessary first order condition:
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Under this specification, although industry specific intermediate output good firms adjust
their output price in every period, optimal price adjustment opportunities arrive randomly,
and the time interval between optimal price adjustments is a random variable. Then the
aggregate industry specific output price index Pif{((t) equals an average of the price set by

the randomly selected fixed fraction (1 — w}.) of industry specific intermediate output good
firms that adjust their output price optimally, and the average of the output prices set by the
remaining fraction ). of industry specific intermediate output good firms that adjust their
output prices according to the above partial indexation rule:

1-6%(0 Y-\ YK (Pl -y 1Ok - e”‘(t)
Yo “Oik Pl (t-1 Py (t-1
o -0 - D) () | (Be)” () i)

All the above intertemporal adjustment mechanism of output prices cause industry specific
nominal output price rigidity in the industry specific output market.

Since we want to further include the transmission mechanism between upstream and
downstream quantities and prices in the global supply chain in this model:

° We set the output quantity of the industry specific final output goods or services that
would become intermediate inputs for domestic and foreign production sector, no
matter whether they come from the domestic industry that produces internationally
homogeneous energy or nonenergy commodities or the domestic industry that
produces internationally heterogeneous goods or services, equal to the distribution
value weighted average of cross-border cross-industry downstream industry-level
output quantity. While the output quantity of the industry specific final output goods or
services that would become final output goods or services for domestic and foreign
absorption sector, no matter whether they come from the domestic industry that
produces internationally homogeneous energy or nonenergy commaodities or the
domestic industry that produces internationally heterogeneous goods or services, are
not adjusted relative to the original GFM introduced in Vitek (2015, 2018).

° We set the output price of the industry specific final output goods or services that
would become intermediate inputs for domestic and foreign production sector, no
matter whether they come from the domestic industry that produces internationally
homogeneous energy or nonenergy commodities or the domestic industry that
produces internationally heterogeneous goods or services, equal to the distribution
value weighted average of exchange adjusted cross-border cross-industry
downstream industry-level output price. While the output price of the industry specific
final output goods or services that would become final output goods or services for
domestic and foreign absorption sector, no matter whether they come from the
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domestic industry that produces internationally homogeneous energy or nonenergy
commodities or the domestic industry that produces internationally heterogeneous

goods or services, are not adjusted relative to the original GFM introduced in Vitek

(2015, 2018).

As the above complex settings lead to the expression of industry-level real output and output
price being too lengthy and complex, we will only present the derived linearized relationship
equations in Section IV for further introduction.

E. Banking Sector

The banking sector has different layer structures between creating and issuing mortgage
loans and creating and issuing corporate loans. The whole process of creating mortgage
loans that are issued to domestic real estate intermediate developers is only related to the
following lower layer and middle layer of the banking sector, while the whole process of
creating corporate loans that are issued to both domestic and foreign industry specific
intermediate output good firms is related to the following lower layer, middle layer and upper
layer of the banking sector. Variable subscript “b” is for domestic intermediate banks in the
lower layer.

In the lower layer, continuums of monopolistically competitive domestic intermediate
banks choose state contingent sequences in the current period s = t and all future periods

s = t+ 1,t+ 2, ... for deposit funding By’ (s + 1), net interbank market funding B{;* (s + 1),
retained earnings lfb(s), and the bank capital stock be(s + 1), in order to maximize the
following pre-dividend stock market value:

o BTN
N5 + V5 = E 3. f 5o M)

subject to the following balance sheet identity:

BG,B(s + 1) + BG,B(s + 1) = BRB (s + 1) + BEE(s + 1) + KBy (s + 1)
subject to the following bank capital accumulation function:

KBy (s+ 1) = (1 88() ) KB, () + HE(1F(5), 1y (s — 1)

and also subject to terminal nonnegativity constraints that Bf;" (s + 1) > 0, B’ (s + 1) > 0
and be(s +1)=>0fors— oo.

Here,

Hfb(t) and Vin(t) are the dividend payment and price per specific share of domestic
intermediate bank;

AB(s) is the Lagrange multiplier associated with the dynamic budget constraint for the bank
intermediated household in period s in the above Subsection A.

The dividend payment per specific share of domestic intermediate bank Hfb (s) equals to the
total net profits of domestic intermediate bank:
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M%) = [BR G+ 1) — (1+iPG— 1) B )] + [BE (s +1) - (1+iPGs -
1)BEE)]| - [BG 6+ 1) - (1- siM(s)) (1 +ith(s— 1) BGP()] - [P+ D -
(1- sic F®) (1+i%6- 1) Bf;‘B(s)] B (5) = IB.(s)

Here the total net profits of domestic intermediate bank are defined as the sum of the
increase in deposit funding from domestic bank intermediated households BD B(s + 1) net of
interest payments at the deposit rate iP (s — 1) and the increase in net interbank market
funding from the domestic interbank market B (s + 1) net of interest payments at the
interbank loans rate i(s — 1), less the increase in differentiated intermediate mortgage loans
Bic_l]: B(s + 1) net of writedowns at mortgage loan default rate (for the domestic currency
denominated final mortgage loans issued by domestic final banks of the i-th economy to
domestic real estate intermediate developers) 8M(s) and interest receipts at mortgage loan
rate i{"{,(s — 1), less the increase in differentiated intermediate corporate loans Bf;'B (s+1)

net of writedowns at corporate loan default rate (for the economy specific local currency
denominated final corporate loans provided by domestic final banks of the i-th economy to

both domestic and foreign global final banks) SiC'E(s) and interest receipts at corporate loan
rate ifb (s — 1), less the cost of satisfying the regulatory bank capital ratio requirement
@5, (s), and less the retained earnings 17 (s).

The sum of differentiated intermediate mortgage loans BfS'B (s + 1) and differentiated

intermediate corporate loans Bf;'B (s + 1) of all domestic intermediate banks is defined as
the aggregate bank assets (also called bank credit stock) of the banking sector of the i-th
economy B B(s + 1). The sum of the bank capital stock K b (s + 1) of all domestic
intermediate banks is defined as the aggregate bank capltal of the banking sector of the i-th

economy KB (s + 1). The bank capital ratio k;(s + 1) is defined as the ratio of aggregate bank
capital to aggregate bank assets:

KE(s+1)
Bf'B(s+1)

Ki(s+1) =

The sum of deposit funding from domestic bank intermediated households BDB(s + 1) and
net interbank market funding from the domestic interbank market B (s + 1) by all domestic
intermediate banks is defined as the aggregate bank funding of the |-th economy M? (s + 1).
Since the sum of net interbank market funding from the domestic interbank market

BB B(s + 1) by all domestic intermediate banks equals zero due to clearing of the domestic
interbank market, the aggregate bank funding of the i-th economy M (s + 1) equals to the
sum of deposit funding from domestic bank intermediated households B (s + 1) by all
domestic intermediate banks.

The domestic intermediate bank’s cost of satisfying the regulatory bank capital ratio
requirement 5, (s) decreases as the ratio of domestic intermediate bank’s capital to its

K?b( )

cFB

~b5 . cFB. . increases:
BS ib B(s)+B! ib (s)

assets



KB, () \

C 1
2|1 KiR(S) BCD'B(S)+BCF’B(S)
B C ib ib B B
®i}(s) = n-le — 1K, (s) + Fi'(s)

Here,
kR (s) is the regulatory bank capital ratio requirement;

FB(s) is the economy specific fixed cost to insure ®E(s) + 1B(s) = fb1=0 P (s)db +
fyo_o 1B, (s)db = 0.

The overall bank capital destruction rate §2(s) is a weighted average of both the domestic
mortgage loan default rate (for the domestic currency denominated final mortgage loans
issued by domestic final banks of the i-th economy to domestic real estate intermediate
developers) 6M(s) and the weighted average of domestic and foreign corporate loan default
rate (for the economy specific local currency denominated final corporate loans provided by
domestic final banks of the i-th economy to both domestic and foreign global final banks)

8F(s):
88(s) = X [wfsM(s) + (1 — wf)87E(s)]

HB(Ifb(s), Ifb(s — 1)) is the effective retained earnings function, which incorporates convex
adjustment costs for the intertemporal change in retained earnings as follows:

HB (1B, (s),15 Dy = |1 =2 (Li® 1)2 B
(ip(8) [ip(s — 1)) = —7(I§b(s_1)— ib(s)

In addition, in equilibrium the deposit rate iP (t) equals to the interbank loans rate iZ(t), and
the Lagrange multiplier associated with the above-mentioned bank capital accumulation
function Qlﬁb(t) has the meaning of shadow price of bank capital:

AB(t+1) a( @B, (t+1)-FP (t+1) AB(o)
Bo(t) = E, {@—sﬁH4» &a+n—{(b L+

AB(D) KBy (t+1) BAB(t+1)
(1+ i?(t))]}}

In the middle layer, a large number of perfectly competitive domestic final banks not only
combine differentiated intermediate mortgage loans supplied by domestic intermediate
banks BiC_E'B(t + 1) to produce final mortgage loans BE "B (t + 1) that are needed by domestic

real estate intermediate developers, according to the following constant elasticity of
substitution portfolio aggregator:
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D
8l (t+1)

D D
8¢ (t+1)-1 8l (t+1)-1

D
BE2(t+ 1) = | o (B (e + 1) o0 a

but also combine differentiated intermediate corporate loans supplied by domestic

. . F . F )
intermediate banks be'B (t+ 1) to produce final corporate loans BiC B(t+ 1) for domestic

and foreign global final banks, according to the following constant elasticity of substitution
portfolio aggregator:

F
8 (t+1)

F —cF
eic (t+1)—-1 eic (t+1)-1

F
BEP(t+ 1) = |z (BG P+ 1)) o ab

cP
Here the exponent egg(& has the meaning of the mortgage loan rate markup shock
i (t

+1)-1
cP 0’ (t+1) 0" (t+1) _
97 (t+1) = ———, and the exponent ————— has the meaning of the corporate loan
of (t+1)-1 of (t+1)-1
cF
rate markup shock 9 (t + 1) = Sli: GV
8¢ (t+1)-1

“Perfectly competitive” means in equilibrium the domestic final banks of the i-th economy not
only maximize profits derived from intermediation of the final mortgage loan BiCD'B (t+ 1) with

. . . D . . .
respect to inputs of intermediate mortgage loans be B(t+ 1), implying the following
mortgage loans demand functions:

D
-6f (t+1)

BEB(t+ 1)

iM
BE P+ 1) = (1)

1+iM(t)
but also maximize profits derived from intermediation of the economy specific local currency

denominated final corporate loan BiC B(t + 1) with respect to inputs of intermediate corporate
loans be'B(t + 1), implying the following corporate loans demand functions:

—0" (t+1) .
B B(t+1)

ic
BG,P(t+1) = (1“""“))

1+ (t)

Since in equilibrium the domestic final banks of the i-th economy generate zero profits, then
not only the nominal mortgage loan rate for the domestic currency denominated final
mortgage loans issued by domestic final banks of the i-th economy to domestic real estate
intermediate developers iM(t) can be expressed as the integral of the nominal mortgage
loan rate for the domestic intermediate mortgage loans if,’{)(t):

1

D Db, .
_ 1 _ 1-6F (t+1) 1-0L" (t+1)
1+ = ([, (1+iM®) db



40

but also the nominal corporate loan rate for the economy specific local currency
denominated final corporate loans provided by domestic final banks of the i-th economy to
both domestic and foreign global final banks i (t) can be expressed as the integral of the
nominal corporate loan rate for the domestic intermediate corporate loans ifb (O

1

F — CcF..
) 1 _ 1-08 (t+1)  [1-6f" (t+1)
1+i6®) = | oy (1 +15®) db

In the upper layer, a large number of perfectly competitive global final banks combine
economy specific local currency denominated final corporate loans from the banking sectors

of all economies {BiC,j'F(t)}}\'=1 to produce domestic currency denominated final corporate

loans BiC'F(t) that are needed by domestic industry specific intermediate output good firms,
according to the following fixed proportions portfolio aggregator:

Bij (t—l)ij'F(t)}N

BiC’F(t) = min{ F
¢'i,j

j=1

Here the economy specific local currency denominated final corporate loans from the
banking sectors of the j-th economy to global final banks of the i-th economy ijF (t) satisfy
the following equation:

F
B P = 2N, BT (®

“Perfectly competitive” means in equilibrium the global final banks of the i-th economy
maximize profits derived from intermediation of the domestic currency denominated final

corporate loan BiC'F(t) with respect to inputs of economy specific local currency denominated
final corporate loans {ij'F(t)}}"zl, implying the following corporate loans demand functions:

CF
CFry _ 4 F Bi” (©
Bi!j (t) - L) Ei'j(t—l)

Since in equilibrium the global final banks of the i-th economy generate zero profits, then the
aggregate effective corporate loan rate index (or the weighted average of domestic and
foreign nominal corporate loan rate) for the domestic currency denominated final corporate
loans issued by global final banks of the i-th economy to firms of the i-th economy if'E (t) can
be expressed as the weighted average of the nominal corporate loan rate for economy
specific local currency denominated final corporate loans provided by domestic final banks of
any specific economy to both domestic and foreign global final banks i]-c(t — 1), adjusted by
the weighted average of the intertemporal change in the nominal bilateral exchange rate of
the currency issued by the i-th economy to the currency issued by any specific economy
Eij(©
Ey(tD'

E;;(t)

.CE/\ _ vN 4F .C
1+i77(1) = Zj:l bi; (1 + (t— 1)) Eij(t-1)
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In each period t, a randomly selected fixed fraction w® of domestic intermediate banks do
not adjust their mortgage loan rate if,’{, (t) and corporate loan rate ifb (v):

1+ifp (0 =1+ (t—1)
14150 =1+i5(t—1)

The remaining fraction (1 — »®) of domestic intermediate banks adjust their mortgage loan
rate ii’N{,(t) and corporate loan rate ifb(t) optimally, in equilibrium they all choose a common

mortgage loan rate if’l'*(t) and a common corporate loan rate iic'*(t), given by the following
two necessary first order conditions:

1+ () _
1+iM(t)
[ ooy ©)-FF )]
.B i, i
s |<1+li (S_l)>+7CD,B | . B-CD(s) M —GiCD(S)
B3 (00) T E A Dae () 9Bip @ |(ifemn) T T 1w (1+1M(s-1)B "B (s)
tas=t By I 1+iM(s—1) I 1+iM@) 1+iM@) i i
D cDh
B M 88 (-1, Mu, O
w0 (cyS~tBSTAY ) (D oM 1+ (s—1) 1+ (1) Mo_ cDB
Ee 22 (0C) SFy O ©-0a-816) T e (1+iM(s-1)Bf ()
1+ ()
1+iS()
[ o(B, 5)-FB ()]
<1+iB(S—1))+M CF CF
o . c\s-tBS~AB(s) CF ' OBiC:B(s) i€\ @ 11418\ O © c Fp
i ( , i i iCra cv,
B2 (09) ot o e (mic (t)> (mg:(t)) (1+i5-1)BE(5)
cF
B e 81, . 08 ()
0 (€Y B TAL®) (cF ) sCE -1 ;T Cre_17\pCFB
E¢ 222 (wC) B (67 (5)-1)(1-8;""(s)) +CO o (1+11 (s 1))Bl (s)

Under this financial friction, domestic intermediate banks infrequently adjust their nominal
mortgage and corporate loan rates, mimicking the effect of maturity transformation on the
spreads between the loan and deposit rates. Then not only the aggregate nominal mortgage
loan rate index (or the nominal mortgage loan rate for the domestic currency denominated
final mortgage loans issued by domestic final banks of the i-th economy to domestic real
estate intermediate developers) iM(t) equals an average of the nominal mortgage loan rate
set by the randomly selected fixed fraction (1 — »®) of domestic intermediate banks that
adjust their mortgage loan rate optimally, and the average of the nominal mortgage loan
rates set by the remaining fraction »® of domestic intermediate banks that do not adjust their
mortgage loan rates:

1

D D _
1-6L" (t+1) )1—9{3 (t+1) |1-6C° e+

1+iM© = |(1- %) (1+i"®) + ¢ (1+iM(t-1)

but also the aggregate nominal corporate loan rate index (or the nominal corporate loan rate
for the economy specific local currency denominated final corporate loans provided by
domestic final banks of the i-th economy to both domestic and foreign global final banks)
i(t) equals an average of the nominal corporate loan rate set by the randomly selected
fixed fraction (1 — w®) of domestic intermediate banks that adjust their corporate loan rate
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optimally, and the average of the nominal corporate loan rates set by the remaining fraction
w® of domestic intermediate banks that do not adjust their corporate loan rates:

1

F F R
1-6f (t+1) )1—eiC (t+1) |1-0€" @+1)

1+if(®) = |(1- %) (1+if"®) + ¢ (1+if-1)

All the above intertemporal adjustment mechanism of mortgage and corporate loan rates
cause nominal mortgage loan rate rigidity and nominal corporate loan rate rigidity in
the lending market.

The mortgage loan default rate applicable to borrowing by domestic real estate intermediate
developers from domestic final banks 8M(t) satisfies the following mortgage loan default rate
relationship.

The linear deviation of the domestic mortgage loan default rate §M(t) depends on a weighted
average of its past value 8 (t — 1) and its attractor value — [ZSM'Y (ln?i ®) — InY; (t)) +
v (aniH(t) — InVH(t - 1))], and is also influenced by the linear deviation of the

contemporaneous mortgage loan default shock O?M (t), while the linear deviation of the
attractor mortgage loan default rate depends on the logarithmic deviation of the

contemporaneous output gap (ln?i(t) - ln?i(t)), as well as the intertemporal change in the

logarithmic deviation of the price of housing (aniH(t) —InVHA(t— 1)), according to the
following mortgage loan default rate relationship:

BY(®) = psB(t— 1) — (1~ ps) [ (%) — 0¥, ©)) + 2"V (0%
InVH(t — 1))] +98"

The corporate loan default rate applicable to borrowing by domestic industry specific
intermediate output good firms from domestic global final banks 8¢(t) satisfies the following
corporate loan default rate relationship.

The linear deviation of the domestic corporate loan default rate for the domestic currency
denominated final corporate loans issued by global final banks of the i-th economy to firms of
the i-th economy 8¢ (t) depends on a weighted average of its past value 8¢(t — 1) and its

attractor value — [ZSC'Y (ln?i (t) — InY; (t)) + 75V (aniS (t) — InVS(t — 1))], and is also
influenced by the linear deviation of the contemporaneous corporate loan default shock
0f’c (t), while the linear deviation of the attractor corporate loan default rate depends on the
logarithmic deviation of the contemporaneous output gap (ln?i ® - lnﬁc{i (t)), as well as the

intertemporal change in the logarithmic deviation of the price of corporate equity
(aniS(t) —InV3(t— 1)), according to the following corporate loan default rate relationship:

BE(O) = poBE(t— 1) = (1= po) [ (0%, (0 — () + P (nTF () — TS (e - 1)) +

A~ C
907 (1
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In fact, the above 8¢ (t) can be further expressed as the industry-level output weighted
average of the linear deviation of the domestic corporate loan default rate for the domestic
currency denominated final corporate loans issued by global final banks of the i-th economy

to firms of the k-th industry of the i-th economy Y2, Contribution_Y; ;65 (t):
Sf: =3, Contribution_Yi,kak(t)

Here Contribution_Y; , represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.

And the industry-level corporate loan default rate ka(t) has an expression with the same
structure as the above whole-economy-level corporate loan default rate §¢(t):

BE(0) = PsBS(t— 1) = (1 = pg) [¢°°Y (In%yu(®) = In¥y1e(0)) + T (1nTS(0) -
- ~8C
InVS(e— )] + 980

Based on &8 (t) defined above, the linear deviation of the weighted average of domestic and
foreign corporate loan default rate for the economy specific local currency denominated final
corporate loans provided by domestic final banks of the i-th economy to both domestic and

foreign global final banks SiC'E(t) can be expressed as the nonfinancial corporate lending
weighted average of Sjc (t) for the domestic currency denominated final corporate loans

issued by global final banks of any specific economy to firms of that specific economy,
according to the following corporate credit loss rate function:

575 (®) = T, ofi8f

F. Foreign Exchange Sector

The foreign exchange sector can help form the nominal bilateral exchange rate E;;(t), the
real bilateral exchange rate Q;;(t), the nominal effective exchange rate E;(t), and the real
effective exchange rate Q;(t).

The formation of the nominal bilateral exchange rate of the currency issued by the i-th
economy to US dollar (which is the quotation currency for transactions in the foreign
exchange market issued by the 1-st economy {'United States'}) E; ; (t) under different
exchange rate and inflation targeting arrangements of different countries are different.

Under a free floating exchange rate and flexible inflation targeting arrangement or under a
managed exchange rate arrangement, the nominal bilateral exchange rate of the currency
issued by the i-th economy to US dollar E; ; (t) depends on its expected future value
E(E;,(t + 1), driven by the nominal short term bond yield differential between the i-th

economy and the 1-st economy (if’(t) —1i$ (t)), and is also influenced by the currency risk
premium shock differential between the i-th economy and the 1-st economy (lnvF(t) -

InvE (t)), according to the following foreign exchange market relationship:

InE; 1 (£) = EelnEy 3 (e + 1) — [ (i$0) = v () - (i) - mE(®))]
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Under a fixed exchange rate arrangement (including the situation where the economy
belongs to a currency union but is not the primary economy of this union), if the i*-th
economy issues the anchor currency for the currency of the i-th economy, the nominal
bilateral exchange rate of the currency issued by the i-th economy to US dollar E; ; (t) equals
the nominal bilateral exchange rate of the currency issued by the i*-th economy to US dollar
E;. 1(t), according to the following foreign exchange market relationship:

InE;; (t) = InEj. 1 (O

While the nominal bilateral exchange rate of the currency issued by the 1-st economy United
States to US dollar E, ; (t) should always be equal to 1 (or its logarithm 1nE1_1(t) be equal to
0):

1nE1’1 (t) = 0

The nominal bilateral exchange rate of the currency issued by the i-th economy to the
currency issued by the j-th economy (here j#1) E; ;(t) equals to the ratio of the nominal
bilateral exchange rate of the currency issued by the i-th economy to US dollar E; ; (t) to the
nominal bilateral exchange rate of the currency issued by the j-th economy to US dollar
Ej1(0:

Ej1(t)
Ei;(t) = m

The real bilateral exchange rate of the currency issued by the i-th economy relative to the

currency issued by the j-th economy (which is the relative price of foreign output of the j-th

economy in terms of domestic output of the i-th economy) Q;;(t) depends on the nominal

bilateral exchange rate of the currency issued by the i-th economy to the currency issued by

the j-th economy E;;(t), adjusted by the ratio of the output price level of the j-th economy to
Pl (D),

PY(t)’

the output price level of the i-th economy

PY(®)
Q;;(0) = Ej; (t)P]y_(t)

The nominal effective exchange rate of the currency issued by the i-th economy E;(t) is

defined as the trade weighted average of the nominal bilateral exchange rate of the currency
issued by the i-th economy to the currency issued by any specific economy E; ;(t):

Ei(0) = [T By ()

The real effective exchange rate of the currency issued by the i-th economy Q;(t) is defined
as the trade weighted average of the real bilateral exchange rate of the currency issued by
the i-th economy relative to the currency issued by any specific economy Q;;(t):

040) = T, (@45 (D)™
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G. Export Sector

The structurally more complex export sector is innovatively constructed based on the
structurally simple export sector of the original GFM introduced in Vitek (2015, 2018), which
further incorporates the intra-industry and inter-industry structure, and fully characterizes the
inter-country cross-industry input-output relations provided by OECD ICIO tables. Among all
sectors it is the third most complex sector that has its layer structure corresponding to 45
industries of the structurally more complex production sector.

The structurally more complex export sector consists of two layers of industry specific
agents. Variable subscript “n” is for industry specific intermediate export good firms in the
lower layer.

In the lower layer, continuums of monopolistically competitive industry specific
intermediate export good firms choose state contingent sequences in the current period
s = tand all future periods s = t+ 1,t + 2, ... for industry specific differentiated intermediate
export goods or services X; ,(s), in order to maximize the following pre-dividend stock
market value:

w B
l_[i),(k,n(t) + Vi),(k,n(t) = E; Zs=t 2 (D) Hi),(k,n(s)

Here,

M5 () and Vi, (t) are the dividend payment and price per specific share of domestic
industry specific intermediate export good firm;

A (s) is the Lagrange multiplier associated with the dynamic budget constraint for the capital
market intermediated household in period s in the above Subsection A.

For industry specific intermediate export goods or services X;y ,(s) that come from different
types of industries of the structurally more complex production sector, the dividend payment
per specific share of domestic industry specific intermediate export good firm Hi’fk,n(s) is
defined differently as follows.

For industry specific intermediate export goods or services from the domestic industry that
produces internationally homogeneous energy or nonenergy commaodities to be taken as
intermediate inputs for foreign production sector or final output goods or services for foreign
absorption sector, l'li’fk,n(s) is defined as the revenue derived from sales of intermediate
export goods or services (here they're internationally homogeneous energy or nonenergy
commodities) X; ,(s) at the export price for industry specific intermediate export goods or
services Pf(k,n(s)- less the expenditure on purchasing internationally homogeneous energy or
nonenergy commodities either from the corresponding industry of the domestic production
sector or from the international commodity market, and either purchase is at the domestic
currency denominated uniform price of internationally homogeneous energy or nonenergy
commodities E; 1 (s)Pa (s) or E;; (s)Pe(s) (the uniform price Py (s) or Py.(s) is denominated in
US dollars in the international commodity market) due to the law of one price, and less the

industry specific fixed cost F{(s) that is adopted to ensure that I} (s) = fnlzo M} (s)dn = 0:

M¥n () = PX 1 ()Xi10n(5) — Ei1 () (PY(S) or PYe(5))Xixn (s) — Fie(s)
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For industry specific intermediate export goods or services from the domestic industry that
produces internationally heterogeneous goods or services to be taken as intermediate inputs
for foreign production sector or final output goods or services for foreign absorption sector,
M5 1 (s) is defined as the revenue derived from sales of intermediate export goods or
services (here they're internationally heterogeneous goods or services) X;y ,(s) at the export
price for industry specific intermediate export goods or services P lkn(s) less the expenditure
on purchasing internationally heterogeneous goods or services from the corresponding
industry of the domestic production sector at the industry specific output price for industry
specific final output goods or services P «(s), and less the industry specific fixed cost F; k(s)

that is adopted to ensure that I} (s) = fn 0Hlkn(s)dn =0:

1kn(S) 1kn(S)Xi,k,n (s) — Yk(S)XI kn(S) F (S)

In the upper layer, a large number of perfectly competitive industry specific final export
good firms combine industry specific differentiated intermediate export goods or services
supplied by domestic industry specific intermediate export good firms X; , (t) to produce
industry specific final export goods or services X; x(t), which are needed by economy specific
and industry specific intermediate import good firms of other economies, according to the
following constant elasticity of substitution production function:

oX®
o¥w-1  |eXm-1

Xie® = [ [y (Xixn(®) & dn

CHO)
oX(m-1"

CHO)
O

Here the exponent

. has the meaning of the export price markup shock 9%(t) =

“Perfectly competitive” means in equilibrium the industry specific final export good firms
maximize profits derived from production of the industry specific final export goods or
services Xk (t) with respect to inputs of industry specific differentiated intermediate export
goods or services X;y (1), implying the following export goods or services demand functions:

0)
— Pg.(k.n(t) !
Xi,k,n(t) - ( Pi(k(t) ) Xl,k(t)

Since in equilibrium the industry specific final export good firms generate zero profits, then
the industry specific aggregate export price index Piﬁ((t) can be expressed as the integral of
the export price for industry specific intermediate export goods or services Pﬁm(t):

1
1 1-6% (1) 1-6X()
P (®) = [fn=0 (Pi?(k,n(t)) dn]

Corresponding to different industries of the structurally more complex production sector, the
formation mechanism of the industry specific export price Pﬁ((t) is different.

Specifically speaking, the original GFM introduced in Vitek (2015, 2018) sets the export price
of the industry specific final export goods or services from the domestic industry which
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produces internationally homogeneous energy or nonenergy commaodities (that would
become intermediate inputs for foreign production sector or final output goods or services for
foreign absorption sector) Pﬁ((t) equal to the domestic currency denominated uniform price
of internationally homogeneous energy or nonenergy commodities E; ; (t)PY (t) or E; ; (t) Pxe(t)
(the uniform price PY(s) or PY.(s) is denominated in US dollars in the international
commodity market):

P (D = Ei1 (D (P (V) or Py (1))

Here the uniform price of internationally homogeneous energy or nonenergy commaodities
PY(t) or PY,(t) (denominated in US dollars) is defined as the world output weighted average
of the US dollar denominated economy specific output price of internationally homogeneous
PYe(® ; P he(®.

Ej:(®)  Ej(®°

energy or nonenergy commodities from any specific economy

Y
Yoy — vN .Y Pie®

Y
Yy — vN .Y Pine®
Pne(t) - Zj:l (D] Ej,l(t)

The original GFM introduced in Vitek (2015, 2018) sets the export price of the industry
specific final export goods or services from the domestic industry which produces
internationally heterogeneous goods or services (that would become intermediate inputs for
foreign production sector or final output goods or services for foreign absorption sector)
Pif(k(t) equal to the domestic currency denominated output price of industry specific final
output goods or services from that domestic industry:

Since we want to further include the transmission mechanism between upstream and
downstream quantities and prices in the global supply chain in the AGMFM, the export
guantity and price of the industry specific final export goods or services should also be
modified accordingly, after taking the upstream and downstream quantity and price
transmission mechanism similar to that for the output quantity and price of the industry
specific final output goods or services introduced in the previous Subsection D into
consideration. As these complex settings lead to the expression of industry-level export
guantity and price being too lengthy and complex, we will only present the derived linearized
relationship equations in Section IV for further introduction.

In addition, over the above-mentioned two layers of industry specific agents, a large number
of perfectly competitive final export good firms that exist in the GFM introduced in Vitek
(2015, 2018) are still retained in this new model, in order to facilitate the macroeconomic
activities and maintain the macroeconomic relations between this export sector and other
sectors or markets that do not distinguish between industries.

In this additionally added layer, a large number of perfectly competitive final export good
firms combine industry specific final export goods or services from the industry specific final
export good firms {X;(t)}12, to produce final export goods or services X;(t) that do not
distinguish between industries, according to the following fixed proportions production
function:
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45
X;(t) = min {—X"l;(t)}
Pik Jyoq

“Perfectly competitive” means in equilibrium the final export good firms maximize profits
derived from production of the final export goods or services X;(t) with respect to inputs of
industry specific final export goods or services {X;(D)}i2,, implying the following export
goods or services demand functions:

Xik(®) = ¢5Xi(©

Since in equilibrium the final export good firms generate zero profits, then the aggregate
export price index for the final export goods or services PX(t) can be expressed as the
weighted average of the export price of the industry specific final export goods or services

Pi(O:
PX(D) = Zi2; PR ®

In each period t, a randomly selected fixed fraction wX of industry specific intermediate
export good firms adjust their export price to account for the past industry specific export

1k(
Pl (t 2)
services coming from the domestic industry that provides internationally homogeneous
energy or nonenergy commodities, they additionally need to adjust their export price to

account for the contemporaneous change in the domestic currency denominated uniform
Ei1 (DPE(D)
Ej1(t-=1)P (t-1)

price inflation for those that produce industry specific intermediate export goods or

price of internationally homogeneous energy or nonenergy commaodities or

Ei1(DPYe(D)

E(-DPL. (D)’ according to the following partial indexation rule:

X

. P e-D\Y P\ Y
Pkn(®) = (Pi‘k(t—Z)) (Pi‘k(t—z)) Bln(t=1)

Piﬁ(,n(t) ==
[/ ox 1-pX _ x11-Y
Pi,k(t—n) ( Ei1 (DPE (D) lk(t 1> ( Ei1 (DPE (D) )” PX (t—1)
PR (t-2) Ej1(t—1)PY(t— 1) Pf‘k(t 2) Ej 1 (t-1)PY(t-1) Lkn
1kn(t) =
[ x —HX = 5 X1y
Phi(t=1) _ By (OPF() lk(t 1) Ein(OPY® \V PX (t—1)
PR (t-2) Ej1 (t-DPYe(t-1) 1) Pi‘k(t 2) Ej 1 (t-1)Pfe(t-1) Lkn
PR(-1)  Eia(OPY® Ej,1 (OPYe(t) —
Here B (=2)’ By (- DPY (D) B DPY. (D) are the steady state equilibrium values of
Pik(t-1) B, (OPY(®) Ej,1 (DPFe(t)
PX (t-2)" Ej1(t—=1)P¥(t-1) Ej 1 (t—1)PY(t—1)"

Correspondingly, the remaining fraction (1 — w¥) of industry specific intermediate export
good firms adjust their export price optimally, in equilibrium they all choose a common

industry specific export price Pﬁ(’*(t) given by the following necessary first order condition:
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Under this specification, the probability that an industry specific intermediate export good
firm has adjusted its price optimally is time dependent but state independent. Then the
aggregate industry specific export price index Pﬁ((t) equals an average of the price set by
the randomly selected fixed fraction (1 — w*) of industry specific intermediate export good
firms that adjust their export price optimally, and the average of the export prices set by the
remaining fraction w* of industry specific intermediate export good firms that adjust their
export prices according to the above partial indexation rule:

1
1-6¥ () 1-6X
P (t-2) PR (t-2) ]

Ko LR O PR (t-1) v PR (t-1) 1-y%
RO ={a-o)(Rrom)  +of () () Rke-D

P®={a-o(Br®) T+

1
1-6%(®Y 1-6X®

)1—93‘(0

PX(® ={ 1 - ® (P} ® +

1
X 1-6%(®Y 1-6X®

xq1-v*
Ph (D! Ei1 (OPY(D) lk(t 1) B (OPY® ! PX (¢ — 1)
PR (t-2) Ej 1 (t—DPY (t— 1) Pf‘k(t 2) Ej 1 (t—=1PY(t-1) Lk

x71-Y
PX (t-1)\ " Ei 1 (DPYe(t) Plk(t 1) B PLe® " PX (t— 1)
PR (t-2) Ej 1 (t—1)PYe(t— 1) Pf‘k(t 2) i1 (t-1)PYe(t-1) ik

All the above intertemporal adjustment mechanism of export prices cause industry specific
nominal export price rigidity in the industry specific export market.
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H. Import Sector

The structurally more complex import sector is innovatively constructed based on the
structurally simple import sector of the GFM introduced in Vitek (2015, 2018), which also
further incorporates the intra-industry and inter-industry structure, and characterizes the
inter-country cross-industry input-output relations provided by OECD ICIO tables as much as
possible. It is the second most complex sector among all sectors in this model, which also
has its layer structure corresponding to 45 industries of the structurally more complex
production sector.

The structurally more complex import sector consists of three layers of industry specific
agents. Variable subscript “n” is still adopted for economy specific and industry specific
intermediate import good firms in the lower layer.

Since we further incorporate the structure of import tariff into the AGMFM relative to
the GFM introduced in Vitek (2015, 2018), all import prices in this sector should distinguish
between the pre-tariff import price and the post-tariff import price. For simplicity, the following
price variable with the superscript M,T is the import price of pre-tariff type, while price
variable with the superscript M is the import price of post-tariff type, and there is the following
relationship between the post-tariff import price and the corresponding pre-tariff import price:

1k]n(t) - (1 + le(t))Pll\l/i]Tn(t)

Here t}‘,"k(t) is the corresponding import tariff rate for the i-th economy's imports from foreign
k-th industry in period t.

In the lower layer, continuums of monopolistically competitive economy specific and
industry specific intermediate import good firms choose state contingent sequences in
the current period s = t and all future periods s = t+ 1,t + 2, ... for economy specific and
industry specific differentiated intermediate import goods or services M;y; »(s), in order to

maximize the following pre-dividend stock market value:

) AR (s)
1k]n(t) + 1k]n(t) = E¢ XsZe AA(OS l_llk]n( s)

Here,

1k]n(t) and V, lk] L (t) are the dividend payment and price per specific share of domestic
economy specific and industry specific intermediate import good firm;
A (s) is the Lagrange multiplier associated with the dynamic budget constraint for the capital
market intermediated household in period s in the above Subsection A.

The dividend payment per specific share of domestic economy specific and industry specific
intermediate import good firm Hlk]n(s) equals to the total net profits of domestic economy
specific and industry specific intermediate import good firm:

1k] n(s) - k] n(S)Mi,k,j,n(S) 1](5) )f((S)Ml k,j, n(s) lk,j (S)
Here the total net profits of domestic economy specific and industry specific intermediate

import good firm is defined as the revenue derived from sales of intermediate import goods
or services M,y ;n(s) at the pre-tariff import price for economy specific and industry specific
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intermediate import goods or services P, k]n(s) less the expenditure on purchasing industry
specific final export goods or services from the export sector of the j-th economy at the i-th
economy'’s currency denominated industry specific export price of the j-th economy

Ei;j(s)P; k(s) and less the economy specific and industry specific fixed cost Flk](s) that is

adopted to ensure that 1 ;(s) = fn o Mjn(8)dn = 0.

In the middle layer, a large number of perfectly competitive economy specific and
industry specific final import good firms combine economy specific and industry specific
differentiated intermediate import goods or services supplied by domestic economy specific
and industry specific intermediate import good firms M;,; »(t) to produce economy specific
and industry specific final import goods or services M,y ;(t), which are needed by domestic
industry specific final import good firms, according to the following constant elasticity of
substitution production function:

oM®
eMm-1  [eMwm-1

Misej® = | 1o (Miiejn(®) O dn

8} (v

Here the exponent oM (-

. has the meaning of the pre-tariff import price markup shock

8 ()
M) = Mo

Since the industry specific final export goods or services from the k-th industry of the j-th
economy X; , (t) equals to the sum of the economy specific and industry specific final import

goods or services from the k-th industry of the j-th economy to the import sector of all the
other economies except the j-th economy, the economy specific and industry specific final
import goods or services {M y; O, (here M; i () equals 0 by default) satisfy the following
equation:

Xix(®) = XiL; M5 (0

“Perfectly competitive” means in equilibrium the economy specific and industry specific final
import good firms maximize profits derived from production of the economy specific and
industry specific final import goods or services M; ;(t) with respect to inputs of economy

specific and industry specific differentiated intermediate import goods or services M; y ; » (1),
implying the following import goods or services demand functions:

pMT -6}
ikj, n(t)
Mi,k.i.n 1 = <PMT ) Mi.k,i ®

1k](t)

Since in equilibrium the economy specific and industry specific final import good firms
generate zero profits, then the economy specific and industry specific aggregate pre-tariff

import price index Pll‘fl(lT(t) can be expressed as the integral of the pre-tariff import price of

economy specific and industry specific intermediate import goods or services P. k] n(t)
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)1—6?’[(0 dn

1
M
M,T 1 M,T 1-67°(0
Pikj (t) = [fn=0 (Pi,k,i,n(t) ]

In the upper layer, a large number of perfectly competitive industry specific final import
good firms combine economy specific and industry specific final import goods or services
supplied by domestic economy specific and industry specific final import good firms

{M; (t)}]-N=1 to produce industry specific final import goods or services M; (t), which are
either needed by domestic industry specific intermediate output good firms in various
industries to serve as intermediate inputs for production, or needed by domestic industry
specific final absorption good firms in the additionally added virtual “absorption sector”,
according to the following fixed proportions production function:

Mj K (t)}N

M
Pikj

Mix(©) = min v, (0
j=1

Here v]?fk(t) is the export demand shock for industry specific final export goods or services
from the k-th industry of the j-th economy.

“Perfectly competitive” means in equilibrium the industry specific final import good firms
maximize profits derived from production of the industry specific final import goods or
services M; x (t) with respect to inputs of economy specific and industry specific final import

goods or services {M;y; (t)}]N:l, implying the following import goods or services demand
functions:

_ M Mix®
M kj(0) = ik K ®

Since in equilibrium the industry specific final import good firms generate zero profits, then
the aggregate industry specific pre-tariff import price index for the industry specific final

import goods or services Pil'\l’[('T (t) can be expressed as the weighted average of the pre-tariff
import price of the economy specific and industry specific final import goods or services
PM'T .

i,k,j (t).

P%}(t)
X
v]-'k(t)

MT/ .\ _ vN M
P (O = X1 dik;

In addition, over the above-mentioned three layers of industry specific agents, a large
number of perfectly competitive final import good firms that exist in the GFM introduced
in Vitek (2015, 2018) are still retained in this new model, in order to facilitate the
macroeconomic activities and maintain the macroeconomic relations between this import
sector and other sectors or markets that do not distinguish between industries.

In this additionally added layer, a large number of perfectly competitive final import good
firms combine industry specific final import goods or services from the industry specific final
import good firms {M; ,(t)}12, to produce final import goods or services M;(t) that do not
distinguish between industries, according to the following fixed proportions production
function:



53

45
M;(t) = min {—M“;,[(t)}
Pik Jy=q

“Perfectly competitive” means in equilibrium the final import good firms maximize profits
derived from production of the final import goods or services M;(t) with respect to inputs of
industry specific final import goods or services {M; (D) }i2,, implying the following import
goods or services demand functions:

M () = $1M; (D)

Since in equilibrium the final import good firms generate zero profits, then the aggregate pre-
tariff import price index for the final import goods or services PiM'T(t) can be expressed as
the weighted average of the pre-tariff import price of the industry specific final import goods

or services P} (1):
MT .y _ v45 M pMT
P (D) = Xk21 dikP (O

In each period t, a randomly selected fixed fraction wM of economy specific and industry
specific intermediate import good firms adjust their pre-tariff import price to account for the

. . . e NP i H Y
past economy specific and industry specific pre-tariff import price inflation # for those
1k] -

that produce economy specific and industry specific intermediate import goods or services
coming from the foreign industry that provides internationally homogeneous energy or
nonenergy commodities, they additionally need to adjust their pre-tariff import price to
account for the contemporaneous change in the domestic currency denominated uniform
Ei1 (PE ()

— e or
Ei (t-1)PY(t-1)

price of internationally homogeneous energy or nonenergy commaodities

Ei1 (P (D)

B DPY (D)’ according to the following partial indexation rule:

PMT(t-1) v PMT(t-1) 1=y
M, T ik, ik, M, T
Plk]n(t) = <PM%(t 2)> <PM%(t 2)> Plk]n(t_ 1)

ikj ikj

Pljn (D =
_ 1_YM
1-uM uM
P\ " ( Ei1 (DPY(D) lk,<t 1> ( Ei (DPY(D) )“M PMT (¢ 1)
Piy; (t=2) Ejq1(t-1)PY(t- 1) pf’{g(t 2) Ejq(t—1)PY(t-1) ikjn
1k] n(t) -
_ 1_'y
1-pM uM — _ M
Pl (t=1) ( Eiz (DPFe(®) lk,<t 1> ( Eix (DPYe() )“ PMT (¢ 1)
Piicj (t=2) Ei (t-1)PRe(t— 1) Pf/l[('f(t 2) Ej1(t—1)PYe(t—1) ikjn
Here Pikj (D B (0P Eiz (OPie(® are the steady state equilibrium values of
PMT(t-2)" Ej1(t—1)PY(t-1) Ei; (t—-1)PY(t—1) y quiitbrium vaiu

ik,j

PRGD  EuOPY®) o B (OPE®
P (t=2)" Eiq (t-1)Pg(t-1) Ej,1 (t—1)Pye(t-1)’
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Correspondingly, the remaining fraction (1 — wX) of economy specific and industry specific
intermediate import good firms adjust their pre-tariff import price optimally, in equilibrium they

all choose a common economy specific and industry specific pre-tariff import price P. MT *(t)
given by the following necessary first order condition:

pMT,
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Under this specification, the probability that an economy specific and industry specific
intermediate import good firm has adjusted its price optimally is time dependent but state
independent. Then the aggregate economy specific and industry specific pre-tariff import
price index PiT(:jT(t) equals an average of the price set by the randomly selected fixed fraction

(1 — »™) of economy specific and industry specific intermediate import good firms that

adjust their pre-tariff import price optimally, and the average of the import prices set by the
remaining fraction w™ of economy specific and industry specific intermediate import good
firms that adjust their pre-tariff import prices according to the above partial indexation rule:
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All the above intertemporal adjustment mechanism of pre-tariff import prices cause
economy specific and industry specific nominal import price rigidity in the economy
specific and industry specific import market.

Since we want to further include the transmission mechanism between upstream and
downstream quantities and prices in the global supply chain in the AGMFM, after taking
the upstream and downstream quantity and price transmission mechanism similar to that for
the output quantity and price of the industry specific final output goods or services introduced
in the previous Subsection D into consideration, the import quantity and price of the industry
specific final import goods or services should also be modified accordingly. As these
complex settings lead to the expression of industry-level import quantity and price being too
lengthy and complex, we will only present the derived linearized relationship equations in
Section IV for further introduction.

I. Balance of Payments Sector

Since the net foreign asset position is always the core of defining other balance of payments
related variables, we first discuss this variable as follows.

Distribution of financial wealth across various sectors of the i-th economy requires that:
Ai(®) = AT () + AP + AT (D) + AP (D) + AT (D) + A (D) + AT (D)

Here,

A;(t) is the net foreign asset position of the whole i-th economy;

All(r), AP(b), AT (D), AB(b), AX(t), AM(t) and A% (t) are the financial wealth of the household
sector, the construction sector, the production sector, the banking sector, the export sector,
the import sector, and the government sector of the i-th economy respectively.

Since nondiscretionary and discretionary lump sum transfer payments only redistribute
financial wealth of households instead of substantially increasing or decreasing the total
financial wealth of the household sector, then distribution of financial wealth of the household
sector requires that:

Al = AP + A +VEE - D+ VE - 1) + VM- 1)

Here,
A?'H(t) is the total nominal property balances of the domestic household sector;
A (1) is the total nominal portfolio balances of the domestic household sector;

VE(t— 1) is the total past value of shares of domestic intermediate banks held by the
domestic household sector;
VX(t — 1) is the total past value of shares of domestic industry specific intermediate export
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good firms held by the domestic household sector;
VM(t — 1) is the total past value of shares of domestic economy specific and industry specific
intermediate import good firms held by the domestic household sector.

Distribution of financial wealth of the construction sector requires that:
CD
AP(t) = -B;P () —VH(t—1)

Here,

BiC'D(t) Is the mortgage loans issued by the banking sector of the i-th economy to all real
estate intermediate developers of the i-th economy;

VH(t — 1) is the total past value of shares of domestic real estate intermediate developers
held by the domestic household sector.

Distribution of financial wealth of the production sector requires that:
Af(D = -3 BT - V-1

Here,
Z,N=1 BiC,fF(t) is the sum of corporate loans from the banking sector of all economies to all

industry specific intermediate output good firms of the i-th economy;
V3(t — 1) is the total past value of shares of domestic industry specific intermediate output
good firms held by the domestic and foreign household sectors.

Distribution of financial wealth of the banking sector requires that:
AP =KP® -VEt-1)
Here KB(t) is the aggregate bank capital of the domestic banking sector.
Distribution of financial wealth of the export sector requires that:
Af® =-V¥t-1)
Distribution of financial wealth of the import sector requires that:
Al'®) = -vM(t-1)

In addition, the US dollar denominated current account balance of the i-th economy CA;(t) is
defined as the intertemporal change in the US dollar denominated net foreign asset position
of the i-th economy E ;(t — 1)A;(t):

CA;j() = Eqi(DA;(t+ 1) — Eq;(t — DA; (D)

The US dollar denominated trade balance of the i-th economy TB;(t) is defined as the US
dollar denominated total value of exports of the i-th economy Elli(t)PiX(t)Xi(t), less the US
dollar denominated total value of imports of the i-th economy E; ; () PM () M; (t):

TB;(t) = E;; (©PX(©X;(®) — E1; (©PM(OM; (D)
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If we impose restrictions that the ratio of the i-th economy’s currency denominated value of
the j-th economy's short term bonds held by all sectors (mainly refers to the household
sector, if j=i, also refers to the government sector) of the i-th economy to the net foreign
E;,j(t—1)BP; (1)

Ai(D
capitalization weight of the j-th economy among all economies) that doesn’t change with the
period t, then a combination of constraints of various sectors, various dividend payment
definition for share holding, and the output expenditure decomposition reveals the following
relationship between CA;(t) and TB;(t):

asset position of the i-th economy equals cojA (also called the capital market

Eq;(0)
El,j (t— 1)

cA® = {Z of [(1+ - D) 1B - DA® + B

Eq(t
Here {Z,N=1 wf [(1 + i (t— 1)) #t(—)l)
denominated net international investment income of the i-th economy from holding short
term bonds, long term bonds and corporate equities of all economies (including the i-th
economy itself) around the world, the reason why only the nominal short term bond yield
i (t) appears is because the nominal portfolio return (portfolio balances of capital market
intermediated households are allocated across the values of internationally diversified short
term bonds, internationally diversified and vintage diversified long term bonds, and

- 1]}E1,i(t — 1)A,(t) is the sum of the US dollar

internationally diversified and industry diversified and firm diversified stocks) i{*A'H (t) can
ultimately be attributed to the nominal short term bond yield 15 (t).

Clearing of the international commodity markets or multilateral consistency in nominal trade
flows requires that the sum of the US dollar denominated trade balance of any specific
economy TB;(t) equals zero:

Y, TBj() =0

Since we further incorporate the structure of international direct investment into this

AGMFM relative to the GFM introduced in Vitek (2015, 2018), the innovatively added
domestic and foreign business investment liK'in(t) for the production sector of the i-th
economy is defined as the sum of the business investment inflow from the j-th economy to

the production sector of the i-th economy (including from the i-th economy itself) I]-Iii(t), while

lﬁi(t) is always simply assumed to be proportional to the total business investment outflow

from the j-th economy to the production sector of all economies including the j-th economy
itself 15 (t):

" = I, 15,0

Based on the above definition of international investment flow IiK'i“(t), the direct investment
balance (denominated in US dollars) can be defined as the sum of the US dollar
denominated value of business investment inflow from the j-th economy to the production
sector of the i-th economy (including from the i-th economy itself) E ; (t)P]-C(t)I]-*ii(t), minus
the US dollar denominated value of the total business investment outflow from the i-th
economy to the production sector of all economies including the i-th economy itself

Ey; (DPEOIF®:
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CFA? (1) = XL Eqj(DPC(OIS:(0) — E; (DRI (D)

Then the current account balance (denominated in US dollars) CA;(t), the direct investment
balance (denominated in US dollars) CFAP(t), and the additionally added the rest of capital
and financial account balance (denominated in US dollars) CFAR®St(t) always meet the
following constraint:

CA;(t) + CFAP(t) + CFAR®S (1) = 0
J. Virtual “Absorption Sector”

In order to form a closed loop of national accounting, the virtual “absorption sector” is
additionally added, and this sector consists of two layers of virtual final absorption good
firms.

In the lower layer, a large number of perfectly competitive industry specific final
absorption good firms combine the industry specific final output goods or services that
come from domestic industry specific final output good firms, including domestically

produced industry specific private consumption goods or services Clhk(t) domestically
produced industry specific residential investment goods or services I (t) domestically
produced industry specific business investment goods or services I (t) domestically
produced industry specific public consumption goods or services GCh(t) and domestically

produced industry specific public investment goods or services G i,k (t), with the industry
specific final import goods or services that come from domestic industry specific final import
good firms, including foreign produced industry specific private consumption goods or
services lek(t) foreign produced industry specific residential investment goods or services
(t) foreign produced industry specific business investment goods or services l (t)
forelgn produced industry specific public consumption goods or services Gfkf(t), and foreign
produced industry specific public investment goods or services G{'lf((t), in order to produce
industry specific final private consumption goods or services C; i(t), industry specific final
residential investment goods or services l k(©), industry specific final business investment
goods or services l 1 (©), industry specific flnal public consumption goods or services le(t)

and industry specmc final public investment goods or services G! ix(D), according to the
following constant elasticity of substitution production functions:

‘Plk(t)
1 v -1 1 PHo-1TeM ®-1
M M M
Ciac(®) = | (1 = M) IO (Che(®) kO + (M) "k (WO CE (D) *k
M
1 wh (-1 1 Mo-1TwMo-1
H (A ) WO g MyPTRO
@ = [ — ¢} ko ( ik (t)) ik® 4 (M) "k(t)( k(t)l (t)) ‘k(t)
CwMo
1 wM©-1 1 wHo-1]wMo-1
wM () ((Kh TwM M '
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l{’1 k(t)
1 wM -1 1 Mew-1TwMo-1
C MM Ch wM My¥M M Cf
Gi(D = | (1 — p})*ik® (Gi,k (t)) ik® o (M Fik® (Vi,k(t)Gi,k (t)) "k(t)
wM®
1 w1 PHo-1]eM -1
M Lh Lf M
GiI,k(t) = (1 — q)%v[)‘yl,k(t) (Gi,k (t)) 1k(t) + (q)M) lk(t) ( %\,/[k(t)Gi’k(t)) Wik®

Here,
v}‘_’{((t) is the import demand shock for the i-th economy’s imports from the k-th industry of all
other economies except the i-th economy;

the economy specific and industry specific parameter ‘P % (t) equals ¥M (1 -

1k()
Yix(®

which is the ratio of total imports of the i-th economy from

01 () Mjk(D)
oM-1 Yix® )’
91 (V)

19P4(t) = G%VI(t) 1

has the meaning of the import price markup shock, and ===
M k(1)
Yik(@®'
the k-th industry of all other economies except the i-th economy to the total output of the k-th
industry of the i-th economy.

is the steady

state equilibrium value of

“Perfectly competitive” means in equilibrium the industry specific final absorption good firms
maximize profits derived from production of the industry specific final private consumption
goods or services C;x(t), the industry specific final residential investment goods or services

(t) the industry specific final business investment goods or serwcesl 1 (©), the industry
specmc final public consumption goods or services Gi_k(t), and the mdustry specific final
public investment goods or services G}k(t) with respect to inputs of the domestically
produced industry specific final output goods or services {Ch, (©), I[[i" (©), I} (©), G (0, Gy (9}
and the forelgn produced industry specific final import goods or services
{ch@®, 11 ®, I (1), 65 (t),G;'lf((t)}, implying the following domestically produced industry
specific flnal output goods or services demand functions and foreign produced industry
specific final import goods or services demand functions:
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Here,

P;(t) is the core price level of the i-th economy;

Plf};f(t) is the aggregate industry specific absorption price index for the industry specific final
private consumption, residential investment, business investment, public consumption and
public investment goods or services {C;(t), I} (0, 15, (), G (), Gl (D }.

Since in equilibrium the industry specific final absorption good firms generate zero profits,
then th(t) can be expressed as the weighted average of the core price level P,(t) and the
industry specific post-tariff import price il_‘l’[((t).

1

)1—w{‘f{<(t)]1—w{‘f{<(t)

B0 = [(1 - o) (R) O 4 gl (Y

Vi,

The industry specific internal terms of trade T, k(t) the industry specific external terms of

trade le(t) the internal terms of trade TX(t), the external terms of trade TM(t), and the
terms of trade T;(t) are additionally defined as follows:

PY (D
Tik(® = P'ik(t)

P (D
Th(D) = ==

Pi(0)
TX(0) = ﬁ’,fg
T = l; <(tt))
Ty(t) = uT(t);fiM—((t;

Here the global terms of trade shifter v (t) is adopted for international trade adjustment to
ensure multilateral consistency in nominal trade flows.

Then the domestically produced industry specific final output goods or services
{Ch®, 1O, 1 ®, G (©, GiE (D} and the foreign produced industry specific final import
goods or services {CF, (D), IF1(0), I (1), G (1), Gk ()} can also be expressed as follows:
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In the upper layer, a large number of perfectly competitive final absorption good firms
combine the industry specific final private consumption, residential investment, business
investment, public consumption and public investment goods or services from domestic
industry specific final absorption good firms {Clk(t) 1., l 1 (©), G (), Gj k(t)} to produce

final private consumption, residential investment, business mvestment, public consumption
and public investment goods or services that do not distinguish between industries

(G0, 1), IF (1), GE (D), G{ (1)}, according to the following fixed proportions production
functions:

45
C;(t) = min {Cik(t)}

h,f
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“Perfectly competitive” means in equilibrium the final absorption good firms maximize profits
derived from production of the final private consumption, residential investment, business
investment, public consumption and public investment goods or services that do not
distinguish between industries {C;(t), I (t), I (), GF (t), G{ (1) }, with respect to inputs of the
industry specific final private consumption, residential investment, business investment,
public consumption and public investment goods or services

{Cix (O, IO, I (D), G (D, GiI,k(t)}iil- implying the following industry specific final private

consumption, residential investment, business investment, public consumption and public
investment goods or services demand functions:

Cix(t) = diCiD)
.0 = ol
1K = oNIK(D)
G5 (D = dRGE®
Gl (® = dlGl(®

Since in equilibrium the final absorption good firms generate zero profits, then the aggregate
absorption price index Pih'f(t) for the final private consumption, residential investment,
business investment, public consumption and public investment goods or services

{Ci(0, 1), IF (1), GE(V), G{ (D)} can be expressed as the weighted average of the aggregate
industry specific absorption price Pif};f(t):

h,f hfph,f
PM(®) = X2, diicPiy (D

In fact, the consumption price PC(s) in the above Subsection A, the price of residential
investment PiIH (s) in the above Subsection C, the price of business investment PiIK(s) in the
above Subsection D, the price of public consumption PiGC (t) in the following Subsection K all
equal to the aggregate absorption price index Pih'f(t), while the price of industry specific
public investment Pﬁ: (t) in the following Subsection K equals to the aggregate industry
specific absorption price Pif};f(t).

K. Government Sector

The government sector consists of a monetary authority which conducts monetary policies,
a fiscal authority which conducts fiscal policies, and a macroprudential authority which
conducts macroprudential policies.
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For the convenience of writing all the following equations, Variable;(t) is used to represent
the linear deviation of Variable;(t) from its steady state equilibrium value Variable; (t):

Variable;(t) = Variable;(t) — Variable;(t)

InVariable;(t) is used to represent the logarithmic deviation of Variable;(t) from its steady
state equilibrium value Variable;(t):

Variable;(t)—Variable;(t)
Variable;(t)

InVariable;(t) = InVariable;(t) — InVariable;(t) =

The monetary authority implements monetary policies through control of the nominal policy
interest rate, and the specific adjustment formula of nominal policy interest rate depends on
the specific exchange rate and inflation targeting arrangement of a specific economy.

Under a free floating exchange rate and flexible inflation targeting arrangement, the linear
deviation of the nominal policy interest rate if (t) depends on a weighted average of its past

value if (t — 1) and its desired value [E“Etﬁic (t+1)+&¥ (ln?i(t) — lni(t))], and is also
influenced by the linear deviation of the contemporaneous monetary policy shock in (1),

while the linear deviation of the desired nominal policy interest rate responds to the linear
deviation of the expected future consumption price inflation E.fC(t + 1) and the logarithmic

deviation of the contemporaneous output gap (ln?i ® - lni(t)), according to the following

monetary policy rule:
(0 = P (= 1)+ (1= p) [PEAS e+ D) + 8 (%0 - %] + 9" ©

Under a managed exchange rate arrangement, the linear deviation of the nominal policy
interest rate if (t) depends on a weighted average of its past value if (t — 1) and its desired
value [EERS(t + 1) + £ (m?i (©) — In¥, (t)) +& (InBy(® — Infy (£ — 1)), and is also
influenced by the linear deviation of the contemporaneous monetary policy shock in (1),
while the linear deviation of the desired nominal policy interest rate responds to the linear
deviation of the expected future consumption price inflation E(fC(t + 1), the logarithmic
deviation of the contemporaneous output gap (ln?i ® - lni(t)), and the intertemporal
change in the logarithmic deviation of the nominal effective exchange rate of the currency
issued by the i-th economy (lnﬁi(t) — InE;(t — 1)), according to the following monetary policy
rule:

PO = piP (= 1) + (1 - p!) [EPEASE + 1) + 8 (m?i(t) - 1n?i(t)) +& (€ (0) -
Inf; (t — 1))] +917 (®

Under a fixed exchange rate arrangement (including the situation where the economy
belongs to a currency union but is not the primary economy of this union), the linear
deviation of the nominal policy interest rate if (t) tracks the linear deviation of the
contemporaneous nominal policy interest rate of the i*-th economy that issues the anchor
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currency for the currency issued by the i-th economy if.(t), and also responds to the
intertemporal change in the logarithmic deviation of the nominal bilateral exchange rate of
the currency issued by the i-th economy to the anchor currency issued by the i*-th economy

(lnﬁi_i*(t) —InEj ;. (t— 1)), according to the following monetary policy rule:

iP(0) = .0 + &, (0B (O — By (- 1)

The fiscal authority implements fiscal policies through control of public consumption and
industry specific public investment, adjustments of tax rates applicable to corporate
earnings, household labor income and imports, the operation of a budget neutral
nondiscretionary lump sum transfer program that redistributes national financial wealth from
capital market intermediated households to credit constrained households while equalizing
steady state equilibrium consumption across households, the operation of a discretionary
lump sum transfer program that provides income support only to credit constrained
households, and the accumulation of industry differentiated public investment. Here the
budgetary resources of the fiscal authority can be transferred intertemporally through
transactions in the domestic money and bond markets.

The control of public consumption GE(t) and industry specific public investment G},k(t) (final

public consumption goods or services and industry specific final public investment goods or
services come from the additionally added virtual “absorption sector”) satisfy countercyclical
fiscal expenditure rules, in order to achieve public wealth stabilization objectives.

Specifically, the logarithmic deviation of the public consumption InGE (t) depends on a
weighted average of its past value InGC(t — 1) and its desired value InY;(t), and is also

influenced by the linear deviation of the contemporaneous public consumption shock ﬁiGC (v),
while the logarithmic deviation of the desired public consumption equals to the logarithmic
deviation of the contemporaneous potential output (the inferred total output given full
utilization of private physical capital, effective labor and potential-output-level intermediate

inputs from all domestic and foreign industries) lni (t), according to the following fiscal
expenditure rule:

InGf (©) = peInGf (t — 1) + (1~ p)In% (® + 97 (®

Since we further incorporate the intra-industry and inter-industry structure into the AGMFM
and we want to consider public investment with industry differences, the logarithmic
deviation of the public investment for the k-th industry of the i-th economy lnﬁillk(t) depends
on a weighted average of its past value lnC{k(t — 1) and its desired value ln?i (t), and is also
influenced by the linear deviation of the contemporaneous public investment shock for the k-
th industry of the i-th economy 0i,li(t), while the logarithmic deviation of the desired public
investment for the k-th industry of the i-th economy equals to the logarithmic deviation of the

contemporaneous potential output of the i-th economy lnﬁc(i(t), according to the following
industry specific fiscal expenditure rule:

~ —~ = Gl
InG{ () = pgInG{, (t— 1) + (1 — pe)In¥; (V) + 97 (V)
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The adjustments of corporate income tax rate t<(t), labor income tax rate t-(t), and
industry-level import tariff rate rﬁ"k(t) applicable to corporate earnings, household labor
income, and imports from foreign k-th industry satisfy acyclical fiscal revenue rules.

Specifically, the linear deviation of the corporate income tax rate tX(t) depends on its past
value tX(t — 1), and is also influenced by the linear deviation of the contemporaneous

corporate income tax rate shock O}K(t), according to the following fiscal revenue rule:
~ ~ ~1K
HO = p A - D +T ©®

Specifically, the linear deviation of the labor income tax rate t(t) depends on its past value
tk(t — 1), and is also influenced by the linear deviation of the contemporaneous labor

income tax rate shock O}L (t), according to the following fiscal revenue rule:
~ ~ AL
T® = p A - D+ (®

Since we further incorporate the structure of import tariff into the AGMFM relative to
the GFM introduced in Vitek (2015, 2018), the innovatively added linear deviation of the
industry-level import tariff rate (t}}(t) — t}}) depends on its past value (t}}(t — 1) — 1}}), and
is also influenced by the linear deviation of the contemporaneous industry-level import tariff
rate shock \7fr (1), according to the following fiscal revenue rule:

M
(r?_’{((t) — r?_’{() = pit’k(rf”[k(t -1) - ‘E%\‘/[k) + vit’k ()

Here p{) represents the coefficient for the intertemporal change of country differentiated and
industry differentiated import tariff rate, which is estimated based on the specific tariff
reduction commitments of each country in the tariff terms of for example Regional
Comprehensive Economic Partnership (RCEP).

The total scale of nondiscretionary lump sum transfer payment program equals to the scale
of nondiscretionary lump sum transfer payments to all domestic credit constrained
households Tic'N (t). The ratio of nondiscretionary lump sum transfer payments to nominal
TEN ()
PY (DY;(t)
financial wealth, in order to achieve national financial wealth stabilization objectives.

output satisfies a nondiscretionary transfer payment rule that stabilizes national

Specifically, the linear deviation of the ratio of nondiscretionary lump sum transfer payments
N ®

by the fiscal authority to nominal output DIO0)

responds to the linear deviation of the ratio

of the contemporaneous net foreign asset position to past nominal output Py(t+(;)-(t—1)’

according to the following nondiscretionary transfer payment rule:

TN® N Ai®
PY(OYi(t) ¢ PY(t-1)Y;(t-1)

The total scale of discretionary lump sum transfer program is the scale of discretionary lump
sum transfer payments to all domestic credit constrained households TiC'D(t). The ratio of
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TP (1)
PY(DYi(t)
transfer payment rule that stabilizes public financial wealth, in order to achieve public
financial wealth stabilization objectives.

discretionary lump sum transfer payments to nominal output satisfies a discretionary

Specifically, the linear deviation of the ratio of discretionary lump sum transfer payments by
TP
PY (®Yi(t)
the contemporaneous net government asset of the fiscal authority (also called accumulated
Af®
PY(t-1)Y;(t-1)’
linear deviation of the contemporaneous transfer payment shock 97 (t), according to the

following discretionary transfer payment rule:

the fiscal authority to nominal output responds to the linear deviation of the ratio of

public financial wealth) to past nominal output and is also influenced by the

TP® o AS) oT
PTOv® ~ 0 Ple-oven T ©
The industry differentiated public investment G{k(t) is accumulated to form industry
differentiated public physical capital stock ka(t), which further influences industry
differentiated labor productivity A;(t), in order to reflect the government's differentiated
industry policies or differentiated support for sunrise and sunset industries.

Specifically, the logarithmic deviation of the past industry specific final public investment
goods or services for the k-th industry of the i-th economy lnG{k(t — 1) is accumulated to
form the logarithmic deviation of the contemporaneous public physical capital stock for the k-
th industry of the i-th economy anfk(t), according to the following perpetual inventory
method:

InRE () = (1 — 8%)InKE (t — 1) + 8CInGl (t— 1)

Since we further incorporate the intra-industry and inter-industry structure into the AGMFM
and we want to consider technology diffusion among all industries of all economies, we set
that the logarithmic deviation of the labor productivity for the k-th industry of the i-th economy
lnRi,k(t) not only depends on the logarithmic deviation of the contemporaneous cross-border

. .. . Y;j m-i A
cross-industry productivity shifter [AA AP i) SN otk Invf),, (1) + (1 -

jr=14m/s=1 le,ml—>i,k

Y. .
AA ik-ik
Z;\;:lzﬁf’:le’,m’—»i,k
diffusion among all industries of all economies, but also depends on the logarithmic deviation
of the contemporaneous industry-level per capita public physical capital stock

)ln\?i‘k(t)] that satisfies dynamic factor process to reflect technology

(anfk(t) - lnNi(t)) (here the logarithmic deviation of industry-level labor force is simply

assumed to be the same as the logarithmic deviation of total labor force) to reflect the
promotion effect of per capita public physical capital stock on industry-level labor productivity
improvement, through ways such as infrastructure construction and public expenditure for R
& D:
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Ym—>1
1nA1k(t)—¢A[AAZ, i sy I () + (1 -

jr=1 ml 1Y]Iml—»1k

N
Z1":1 m/=1Yj’ m’ ik

AA fgk*‘k >lnvlk(t)]+(1—¢A)(an () — InR;())

Here,
Y] m-ik

SN v represents the ratio of goods or services from the m-th industry of the j-th
jr=1 mr 1 Yjrmr-ik

economy that are adopted as intermediate inputs of the k-th industry of the i-th economy to
goods or services from all industries of all economies that are adopted as intermediate
inputs of the k-th industry of the i-th economy;

Yikoik
Z]”:l 245 Y]’ m’-ik
of the i-th economy that continue to be used as intermediate inputs for the k-th industry of
the i-th economy to goods or services from all industries of all economies that are adopted
as intermediate inputs of the k-th industry of the i-th economy.

represents the ratio of intermediate goods or services from the k-th industry

All these parameters are used to reflect that the degree of cross-border cross-industry
technology diffusion is directly proportional to the scale of input-output relation between
different industries in different countries.

The fiscal authority accumulates public financial wealth (also called net government asset)
ASi(t) subject to the dynamic budget constraint function of the government as follows:

AS(e+ 1) = (141 (0) ASO + B2, L, O (PRaOViga (0 — Wi Ly (©) dl +
fhlzo ff:() T (OWe; (DL () df dh + T2, T OPRT(OM; (0 — TE(®) - PEC(DGE() —
Y2 Pi,GkI (DG} (D

Here i 1 (t) is the return rate of accumulated public financial wealth AG(t)

Since A (t) is distributed across the values of domestic short term bonds B;*“(t) and
domestic vintage diversified long term bonds BL'G(t) that have the return rates iiS (t—1)and

BLG(t) then1 (t) has the following expression:

(1 +if (t)) A8 = (1+i5(t— 1)) BHC() + (1 +iBC (t)> BLS(t)

Since domestic vintage diversified long term bonds are perpetual bonds with coupon
payments that decay exponentially at rate w®, the total return yielded by domestic vintage

diversified long term bonds for the fiscal authority iFL'G (t)BiL'G(t) is split into returns yielded by
domestic currency denominated values of various domestic vintage specific long term bonds

(v, (OBLC )i
(1+i8 (t)) BEC(® = 2424 (M50 + VE®) B ©

Here Hi‘_3v(t) is the domestic currency denominated coupon payment per vintage specific long
term bond, which has the following expression:



68

M5, () = (1 +i7(v) — 0®)(@®) V5, (v)

Here ik(v) is the yield to maturity on domestic vintage specific long term bond at issuance,
and V& (v) = 1.

If we impose restrictions that the values of any two in the set {BiL';,G(t)}E,;li are equal, then
iFL'G (t), which could also be written as iiL'E (t— 1) and called the nominal effective long term
market interest rate of the i-th economy, has the following expression:

_BL,G

P00 = i - 1) = wPirFe - 2) + (1 - 0P) P [(1 +ibt-1)+(1- w?)| -1}

O f11= L, T (® (Pi?{(,l(t)Yi,k,l (t) — Wi(O)Ljx (t)) dl is the tax revenue from corporate earnings,
fhlzo fflzo T (W ()L £5(0) df dh is the tax revenue from labor income,

Zﬁilr}‘_’{((t)Pilfﬁ'T(t)Mi_k(t) is the total import tariff revenue, the sum of the three is the total tax
revenue of the fiscal authority T;(t):

Ti(0) = T2 fiLy T80 (PR (Y () — Wi®)Liga () dl +
S Sy THOWE (DL £5(0) df dh + T4, L OPRT (OM; (D

TE(t) is the sum of nondiscretionary and discretionary lump sum transfer payments by the
fiscal authority for all domestic households.

The fiscal authority purchases final public consumption goods or services Gf (t) at price
PiGC ) = Pih'f(t) and industry specific final public investment goods or services G},k(t) at price
Pﬁ: t) = Pﬂf(t), both come from the additionally added virtual “absorption sector”.

The newly accumulated public financial wealth A (t + 1) is again allocated across the values
of domestic short term bonds BiS'G(t + 1) and domestic vintage diversified long term bonds

BiL'G(t + 1), and BiL'G(t + 1) is allocated across the values of various domestic vintage
specific long term bonds as follows:

BiC(t+1) =Xt VE(®OBLS(t+ 1)

In addition, the fiscal balance of the fiscal authority FB;(t) is defined as the intertemporal
change in the accumulated public financial wealth A (t):

FB; (D) = Af(t+ 1) — AF (D)

The primary fiscal balance of the fiscal authority PB;(t) is defined as the total tax revenue of
the fiscal authority T;(t), less the sum of nondiscretionary and discretionary lump sum
transfer payments by the fiscal authority T, (t), and less the total public consumption

expenditure PiGC (HGE(t) and the sum of industry specific public investment expenditure
1
T2 Pk (OGH (D:

PB;(t) = T;(t) — TE(H) — PE(DGE(D) — T2, PG (DG (D)
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Then the relationship between FB;(t) and PB;(t) is as follows:

FB; (1) = i2° (D AS () + PB;(©)

B>C(p) B>C . .
! equals -5 that doesn’t change with the period t, and
Aj

If we impose restrictions that AT

LG LG
Ai_G (i)) equals i‘—g that doesn’t change with the period t, then the above equation could also

1

be expressed as follows:

BS,G

O B¢ .
FB;(t) = <A—Glis(t D+ it - 1)) A§(t) + PB; (1)

The macroprudential authority implements macroprudential policies through control of a
regulatory bank capital ratio requirement, and control of loan to value ratio limits.

The regulatory bank capital ratio requirement applicable to bank capital accumulation of
domestic intermediate banks kR (t) satisfies a countercyclical capital buffer rule.

Specifically, the linear deviation of the regulatory bank capital ratio requirement &R (t)
depends on a weighted average of its past value &}(t — 1) and its desired value

[ZK’B (1n§ic B0 — Bt~ 1)) + eV (aniH (t—1) — InVH (- 2)) +qevs (1nvis (t—1)—
aniS(t — 2))], and is also influenced by the linear deviation of the past bank capital

requirement shock Vi(t — 1), while the linear deviation of the desired regulatory bank capital
ratio requirement responds to the intertemporal change in the logarithmic deviation of the

aggregate bank assets (also called bank credit stock) (lnEiC'B ) — ln'B\iC'B (t— 1)), the
intertemporal change in the logarithmic deviation of the price of housing (aniH(t -1) -
InVH(t - 2)), and the intertemporal change in the logarithmic deviation of the price of

corporate equity (aniS (t—1) —InV3(t— 2)), according to the following countercyclical
capital buffer rule:

RE®) = pekf (=1 + (1= p0) [¢°P (nBF(©) ~ B2 (e~ 1) + 7V (e~ 1) -
InVH (e - 2)) + ¢V° (InU3(t — 1) = V3 (t - 2))| + 9t — 1)

The regulatory mortgage loan to value ratio limit applicable to borrowing by domestic real
estate intermediate developers from domestic final banks ¢P (t) satisfies the mortgage loan
to value limit rule.

Specifically, the linear deviation of the regulatory mortgage loan to value ratio limit ¢ (t)
depends on a weighted average of its past value ¢P (t — 1) and its desired value

—[ge™ (lnEiC‘D(t) —ImBfP(t— 1)) + ¢V (aniH(t) — InVH(t — 1))], and is also influenced by
the linear deviation of the contemporaneous mortgage loan to value limit shock 0?’1) (1), while

the linear deviation of the desired regulatory mortgage loan to value ratio limit responds to
the intertemporal change in the logarithmic deviation of the total mortgage loans issued to

domestic real estate developers (lnﬁiC'D (t) — lnEiC'D(t — 1)), and the intertemporal change in
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the logarithmic deviation of the price of housing (aniH(t) — InVH(t - 1)), according to the
following mortgage loan to value limit rule:

BP () = pgodP (t— 1) = (1 = pyo) [¢*°® (INBFP(©) — BFP(t — 1)) + ™V (G (v) -
v - D)]+9¢" ©

The regulatory corporate loan to value ratio limit applicable to borrowing by domestic
intermediate output good firms from domestic global final banks ¢f (t) satisfies the corporate
loan to value limit rule.

Specifically, the linear deviation of the regulatory corporate loan to value ratio limit ¢ (t)
depends on a weighted average of its past value ¢! (t — 1) and its desired value

—[¢¢"® (mﬁff(a —ImBfF(t— 1)) + " (1n\71S ®) — InVS(t — 1))], and is also influenced by

the linear deviation of the contemporaneous corporate loan to value limit shock G?F(t), while
the linear deviation of the desired regulatory corporate loan to value ratio limit responds to

the intertemporal change in the logarithmic deviation of the domestic currency denominated
total final corporate loans issued by global final banks of the i-th economy to firms of the i-th

economy (lnEiC'F(t) - lnEiC'F(t - 1)), and the intertemporal change in the logarithmic

deviation of the price of corporate equity (aniS(t) —InV3(t— 1)), according to the following
corporate loan to value limit rule:

BF (©) = pyrdf (t— 1) — (1 — pyr) [¢¢"2 (InBEF (1) — mBET (e — 1)) SR NACE
v (- 1)+ 9% ()

L. International Commodity Markets

The formation mechanism between the price of internationally homogeneous energy or
nonenergy commodities and the price of internationally heterogeneous goods or services in
the international commodity markets are totally different.

Since the price of internationally homogeneous energy or nonenergy commodities satisfies
the law of one price, the export price of internationally homogeneous energy or nonenergy
commodities as the industry specific final export goods or services that are produced by the
k-th industry of the i-th economy Pﬁ((t) equals to the i-th economy’s currency denominated
uniform price of internationally homogeneous energy or nonenergy commodities E; ; ()P (t)
or E; ; ()P (t) (the uniform price Py (t) or PY.(t) is denominated in US dollars in the
international commodity markets):

P(D = E;1(©(PY (1) or PY(D)

Then economy specific and industry specific intermediate import good firms of the j-th
economy that specialize in importing goods or services from the k-th industry of the i-th
economy purchase these internationally homogeneous energy or nonenergy commodities at

the j-th economy’s currency denominated pre-tariff import price PJI\{I(ITH (O
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P (0 = B (OPX(D = Ej 1 O (PY (®) or PL (D)

Since the uniform price of internationally homogeneous energy or nonenergy commodities
PY(t) or PY,(t) (denominated in US dollars) reflects the whole world economy’s minimum
cost of producing one unit of internationally homogeneous energy or nonenergy commodities
as the industry specific final export goods or services, then PY (t) or PY,(t) equals to the
world output weighted average of the US dollar denominated economy specific output price
of internationally homogeneous energy or nhonenergy commaodities produced by any specific
PYe®  PYo(D.

Ej1(D Ej:(D°

economy

280!
Y _ vN Y Fje
Pe (t) - Z]:l (‘0] Ej,l(t)

Pine(®
Y — VN Y _jne
Pre () = Zj=1 W; Ej.(D

As a contrast, the export price of internationally heterogeneous goods or services as the
industry specific final export goods or services that are produced by the k-th industry of the i-
th economy Pﬁ((t) equals to the i-th economy’s currency denominated output price of
industry specific final output goods or services produced by the k-th industry of the i-th
economy:

PX.() = PL(®

Then economy specific and industry specific intermediate import good firms of the j-th
economy that specialize in importing goods or services from the k-th industry of the i-th
economy purchase these internationally heterogeneous goods or services at the j-th

economy’s currency denominated pre-tariff import price P, (O):

Pl () = Ej(OPX.(D) = Ej; (DPY (D)

However, since we want to further consider the transmission mechanism between
upstream and downstream prices in the global supply chain in this AGMFM, both the
export price of the industry specific final export goods or services and the import price of the
industry specific final import goods or services should be modified accordingly, after taking
the upstream and downstream price transmission mechanism similar to that for the output
price of the industry specific final output goods or services introduced in the previous
Subsection D into consideration. We are only going to present the derived linearized
relationship equations of these industry-level export prices, import prices and also the
adjusted output prices in Section 1V, since the above complex setting leads to the expression
of industry-level export, import and output prices being too lengthy and complicated.

M. Combination of Domestic Interbank, Money, Bond, and Equity Markets and
International Financial Markets

The domestic interbank, money, bond and equity markets and the international financial
markets can cooperate to help form the nominal interbank loans rate iZ(t), the nominal
short term bond yield i (t), the nominal long term bond yield i-(t), the price of real
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estate developer equity Vi (t), the price of corporate equity V3(t), and the nominal
effective long term market interest rate i;"" (t).

Following the symbol expression in the government sector, Variable;(t) is used to represent
the linear deviation of Variable;(t) from its steady state equilibrium value Variable; (t):

Variable;(t) = Variable;(t) — Variable;(t)

InVariable;(t) is used to represent the logarithmic deviation of Variable;(t) from its steady
state equilibrium value Variable;(t):

Variable;(t)—Variable;(t)
Variable;(t)

InVariable; (t) = InVariable;(t) — InVariable;(t) =

The nominal interbank loans rate i2(t) depends on the contemporaneous nominal short term
bond yield adjusted by the liquidity risk premium.

Specifically, the linear deviation of the nominal interbank loans rate of the i-th economy 12 (t)

depends on the linear deviation of the contemporaneous nominal short term bond yield of

the i-th economy 3 (t), and is also influenced by the logarithmic deviation of the

contemporaneous weighted average of domestic and foreign liquidity risk premium for the i-
th economy lnﬁ}B (t), according to the following interbank market relationship:

B(t) = 15(t) + Indl" ()

Here the logarithmic deviation of the weighted average of domestic and foreign liquidity risk
premium for the i-th economy lnﬁ}B (t) is defined as the capital market capitalization weighted
average of the logarithmic deviation of the contemporaneous liquidity risk premium shock of
any specific economy except the i-th economy (Z]N:l u)lAan}B ® — 0lno!” (t)), adds the
logarithmic deviation of the contemporaneous liquidity risk premium shock of the i-th
economy lnG}B (t). A\M represents the i-th economy's interbank market contagion level:

no}" (© = A X wfng]” @ + (1 = Moo} ()

Short term bonds are discount bonds, the nominal short term bond yield i (t) depends on
the contemporaneous nominal policy interest rate adjusted by the credit risk premium.

Specifically, the linear deviation of the nominal short term bond yield of the i-th economy
i>(t) depends on the linear deviation of the contemporaneous nominal policy interest rate of

the i-th economy i (t), and is also influenced by the logarithmic deviation of the

contemporaneous weighted average of the domestic and foreign credit risk premium for the
i-th economy lnﬁ}s(t), according to the following money market relationship:

(6 = iP(0) + Ind* (1)

Here the logarithmic deviation of the weighted average of domestic and foreign credit risk
premium for the i-th economy lnﬁ}S (t) is defined as the capital market capitalization weighted
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average of the logarithmic deviation of the contemporaneous credit risk premium shock of
any specific economy except the i-th economy (Z]N:l u)]Aan}s ® — w?noi’ (t)), adds the
logarithmic deviation of the contemporaneous credit risk premium shock of the i-th economy
an}S (t). AR represents the i-th economy's capital market contagion level:

o} (6) = 2P TN, ool (©) + (1 — AP ool (0

Long term bonds are perpetual bonds with coupon payments that decay exponentially at a
fixed rate, the nominal long term bond yield i-(t) depends on its expected future value,
driven by the contemporaneous nominal short term bond yield adjusted by the duration risk
premium.

Specifically, the linear deviation of the nominal long term bond yield of the i-th economy ik (t)
not only depends on its expected future value E,iF(t + 1), but also depends on the linear
deviation of the contemporaneous nominal short term bond yield of the i-th economy 13 (t),
adjusted by the logarithmic deviation of the contemporaneous weighted average of domestic
and foreign duration risk premium for the i-th economy In02(t), according to the following

bond market relationship:

1—a)B[3
"~ ~ B A, ~
i = WPBEdL(t+ 1) + | — | (0 + 0P )
w u)BB

Here the logarithmic deviation of the weighted average of domestic and foreign duration risk
premium for the i-th economy Ino2(t) is defined as the capital market capitalization weighted
average of the logarithmic deviation of the contemporaneous duration risk premium shock of
any specific economy except the i-th economy (Z]N:l wPndP (1) — wfind? (t)), adds the
logarithmic deviation of the contemporaneous duration risk premium shock of the i-th
economy In92 (t). AP represents the i-th economy's capital market contagion level:

0P (1) = A7 Ui, wfIndP (1) + (1 — AP w)Indf ()

For the convenience of introduction, we introduce the price of real estate developer equity
that should belong to the previous construction sector, and the price of whole-economy-level
and industry-level corporate equity that should belong to the previous structurally more
complex production sector, together with their corresponding equity risk premium in this
subsection.

The price of real estate developer equity (also called the price of housing) V{(t) depends on
its expected future value driven by expected future real estate developer profits, and also
depends on the contemporaneous nominal interbank loans rate adjusted by the
contemporaneous domestic housing risk premium shock.

Specifically, the logarithmic deviation of the price of housing InV{(t) not only depends on its
expected future value EnVH(t + 1), driven by the logarithmic deviation of the expected
future real estate developer profits E InfIf(t + 1), but also depends on the linear deviation of

the contemporaneous nominal interbank loans rate i£(t), and is also influenced by the
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logarithmic deviation of the contemporaneous domestic housing risk premium shock Ind! (),
according to the following housing market relationship:

InVH (1) = BEInVH(t + 1) + (1 — B)EdnllH(t + 1) — B (1) + IndH (1))

The price of whole-economy-level corporate equity V> (t) depends on its expected future
value driven by expected future whole-economy-level corporate profits, and also depends on
the contemporaneous nominal short term bond yield adjusted by the weighted average of
domestic and foreign whole-economy-level equity risk premium.

Specifically, the logarithmic deviation of the price of corporate equity InV;>(t) not only
depends on its expected future value EnVS(t + 1), driven by the logarithmic deviation of the
expected future corporate profits EJnII3(t + 1), but also depends on the linear deviation of
the contemporaneous nominal short term bond yield i (t), and is also influenced by the
logarithmic deviation of the contemporaneous weighted average of domestic and foreign
equity risk premium for the i-th economy In®$ (t), according to the following corporate equity

market relationship:
InV3(t) = BEInVS(t + 1) + (1 — B)EnIId (t + 1) — (P (t) + InOF (1))

Here the logarithmic deviation of the weighted average of domestic and foreign equity risk
premium for the i-th economy In0; (t) is defined as the capital market capitalization weighted
average of the logarithmic deviation of the contemporaneous equity risk premium shock of
any specific economy except the i-th economy (Z]N:l w9 (1) — 0 Ind? (t)), adds the
logarithmic deviation of the contemporaneous equity risk premium shock of the i-th economy
Inv3 (). Ay represents the i-th economy's capital market contagion level:

o7 (t) = A3 TN, wfndP(©) + (1 — A wMHIndf (1)

The price of industry-level corporate equity Vi§k(t) depends on its expected future value

driven by expected future industry-level corporate profits, and also depends on the
contemporaneous nominal short term bond yield adjusted by the weighted average of
domestic and foreign industry-level equity risk premium.

The structure of the following equation defining the industry-level corporate equity price and
the above equation defining the whole-economy-level corporate equity price is similar.
Specifically, the logarithmic deviation of the price of corporate equity of the k-th industry of
the i-th economy anfk(t) not only depends on its expected future value Etani,Sk(t + 1), driven
by the logarithmic deviation of the expected future corporate profits of the k-th industry of the
i-th economy Etlnﬁfk(t + 1), but also depends on the linear deviation of the
contemporaneous nominal short term bond yield of the i-th economy if’(t), and is also
influenced by the logarithmic deviation of the contemporaneous weighted average of
domestic and foreign equity risk premium for the k-th industry of the i-th economy Int7) (t)
defined in the following equation, according to the industry-level equity market relationship
adjusted correspondingly:

InV5 () = BEInV (t + 1) + (1 — P)EInIIP (t+ 1) — (§ (D) + Indjy (D)
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We simply assume that the equity market contagion mechanism for equity price of listed
companies in the same industry of various countries is similar to the equity market contagion
mechanism among various countries for equity price of all listed companies that do not
distinguish between industries, then the structure of the following equation defining the
industry-level weighted average of domestic and foreign equity risk premium is similar to that
of the above equation defining the whole-economy-level weighted average of domestic and
foreign equity risk premium. Specifically, the logarithmic deviation of the weighted average of
domestic and foreign equity risk premium for the k-th industry of the i-th economy lnﬁfk(t) is
defined as the capital market capitalization weighted average of the logarithmic deviation of
the contemporaneous equity risk premium shock for the k-th industry of any specific
economy except the i-th economy (Z]N:l W v} (1) — w?ln\?ﬁk(t)), adds the logarithmic
deviation of the contemporaneous equity risk premium shock for the k-th industry of the i-th
economy Inv) (B):

Ino§, () = A7 T ol (0) + (1 — A of)Ind (D)

Here the parameter A} is the same as that in the previous equation defining the whole-
economy-level weighted average of domestic and foreign equity risk premium.

The nominal effective long term market interest rate of the i-th economy ii"E(t), which

represents the return rate of domestic vintage diversified long term bonds BiL'G(t) that are
held by the fiscal authority as part of accumulated public financial wealth, depends on its
past value, driven by the contemporaneous nominal long term bond yield of the i-th
economy.

Specifically, the linear deviation of the nominal effective long term market interest rate of the
i-th economy i7" (t) depends on its past value ii""(t — 1), driven by the linear deviation of the
contemporaneous nominal long term bond yield of the i-th economy ik (t):

. . 1-wBB, .
15 = WP - 1) + P - o) (WP + D)

N. Settings for Market Clearing Conditions

All market clearing conditions not yet discussed by introduction of the above sectors or
markets are introduced as follows.

Clearing of the output market for industry specific final output goods or services requires
satisfaction of the following equation, which is the constraint among industry specific final
output goods or services produced by the k-th industry of the i-th economy Y; (1), a fraction
m%}kqi,an domestic industries Of the industry specific final output goods or services to serve as
intermediate inputs for the production of all domestic industries of the i-th economy, the
domestically produced industry specific final output goods or services to serve as inputs for
the domestic absorption sector of the i-th economy {C (t), I} (t), Ii" (©), G (©), G ()}, and
the industry specific final export goods or services X;  (t) that would become intermediate
inputs for foreign production sector or final output goods or services for foreign absorption
sector:
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lk(t) - (‘)1 k—i,all domestic industries 1k(t) + (C (t) + IHh(t) + IKh(t) + GCh(t) + :}}:(t)) +
Xix(®)

Clearing of the import market for industry specific final import goods or services requires
satisfaction of the following equation, which is the constraint among industry specific final
import goods or services from the k-th industry of all other economies except the i-th
economy Mlk(t) a fraction (‘)all other economies’ k—th industry—i,all domestic industries of the indUStry
specific final import goods or services from foreign k-th industry to serve as intermediate
inputs for the production of all domestic industries of the i-th economy, and the foreign
produced industry specific final import goods or services to serve as inputs for the domestic

absorption sector of the i-th economy {Cf, (t), I} ), I (o), G (t),G;'f((t)}:

f
lk(t) all other economies’ k—th industry—i,all domestic industries lk(t) + (Clk(t) + I (t) +
155 + 6 ® + Gl ®)

Combination of the above output market clearing condition and the import market clearing
condition yields the following output expenditure decomposition:

k(t)(l 1k—>1 all domestic 1ndustr1es)Y1k(t) - (Plk (t)clk(t) + P, (t)l (t) + P (t)I (t) +
P (DG + P (OGL(® ) + PE©OXi® — P (0 (1 -

f
W31l other economies’ k—th industry—i,all domestic industries) Mi.k(t)

Here,

‘{((t) IS the industry specific output price;
th(t) is the industry specific absorption price for the industry specific final private
consumption, residential investment, business investment, public consumption and public
investment goods or services {C; (1), IF (©), 1K (©), G (D), Gl (D };

i'k(t) IS the industry specific export price;

PVT(t) is the industry specific pre-tariff import price.

Since the industry specific total investment I; (t) equals the sum of the industry specific
residential investment l k(©) and the industry specific business investment l (D), the industry
specific domestic publlc demand G;,(t) equals the sum of the industry specmc public
consumption Gfk(t) and the industry specific public investment Gillk(t), and the industry
specific domestic demand D; (t) equals the sum of the industry specific private consumption
Cik(t), the industry specific total investment I; i (t) and the industry specific domestic public
demand G;k(t), then the above output expenditure decomposition can also be expressed as
follows:

‘i((t)(l 1k—>1 all domestlcmdustnes)Yl k(t) - (Ph f(t)cl k(t) + P] k (t)llk(t) +
P (0G0 + P OXix® - PY (0 (1
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f _ phf X
W31l other economies’ k—th industry—i,all domestic industries) Mi.k(t) - Pi.k (t)Di.k(t) + Pi.k(t)Xi,k(t) -

M,T . f )
Pi,k (t) (1 Wall other economies’ k—th industry—i,all domestic industries) Ml,k(t)

Clearing of the lending market not only requires that the domestic mortgage loan supply by
the banking sector of the i-th economy BiCD'B(t) equals the total borrowing demand of real
estate developers of the i-th economy B (t):

D
BS B(t) = BPP (1)

but also requires that the economy specific corporate loan supply by the banking sector of
the i-th economy for firms of all economies BiCF'B (t) equals the total borrowing demand for
corporate loans from the banking sector of the i-th economy by firms of all economies

B )

N
j=1
F
B (0 = T B ()

In other words, if we additionally define Bf]- B(t) as the economy specific corporate loan

supply by the banking sector of the i-th economy for firms of the j-th economy, then it
requires that:

F
B, P(0 = B;"(®

IV. All Industry-Level Equations of the AGMFM

This section and Appendix Il introduce all linearized relationship equations, which constitute
the linear state space representation of an approximate multivariate linear rational
expectations representation of the mathematical model introduced in Section Ill. All the
linearized relationship equations are derived by analytically linearizing the equilibrium
conditions of the mathematical model around its stationary deterministic steady state
equilibrium, and consolidating them by substituting out intermediate variables.

In both this section and Appendix I, we will specify which equations come from the original
GFM introduced in Vitek (2015, 2018). However, we have reasonably adjusted their timeline
or some of their parameters, since our complete replication of the original model shows that
it could be too far to pass the verification of rank condition. We will also specify which
equations come from our own innovative work, such as equations around further
incorporating the structure of import tariff and the structure of international direct investment
into the AGMFM model, and equations around building the intra-industry and inter-industry
structure that does not exist in the original model. Other equations not specifically pointed
out are consistent with the corresponding equations in the original model.

In this section, we only focus on all the industry-level equations that characterize industries
under the whole economy and their inter-country cross-industry input-output relations, and
leave the introduction of whole-economy-level or international-market-level equations to
Appendix Il. The aim of innovatively constructing all these industry-level equations is to
incorporate an intra-industry and inter-industry structure for each economy, fully characterize
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the massive and accurate inter-country cross-industry input-output relations, and utilize the
rich industry-level information provided by the OECD ICIO tables as much as possible.

In addition, we allow all the following innovatively constructed industry-level equations to be
flexibly added or removed from the model, when model users sometimes don't care about
the details of industries under the whole economy, or want to reduce the scale of the model
as much as possible. Then the structure and parameters of some of the whole-economy-
level equations or international-market-level equations introduced in Appendix Il need to be
modified accordingly. In Appendix Il, we only introduce the forms of all the whole-economy-
level equations and international-market-level equations in the complete AGMFM, which
contains all the following innovatively constructed industry-level equations, and leave their
modified forms in the simplified model without all those industry-level equations to be
introduced in the following Part C of Section IV.

In all the following equations:

Variable;(t) is used to represent the linear deviation of Variable;(t) from its steady state
equilibrium value Variable;(t):

Variable;(t) = Variable;(t) — Variable;(t)

InVariable;(t) is used to represent the logarithmic deviation of Variable;(t) from its steady
state equilibrium value Variable;(t):

Variable;(t)—Variable;(t)

InVariable;(t) = InVariable;(t) — InVariable;(t) = Variable.(©

Following the unified settings of subscripts in Section IllI: variable subscript “i” or “|” or “i*"
represents the i-th or j-th or i*-th economy, i orj € {1,2, ..., N}, N is the total number of
economies contained in the large-scale AGMFM, and for most cases i* is adopted to
represent that the i*-th economy issues the anchor currency for the currency of the i-th
economy; variable subscript “k” or “m” represents the k-th or m-th industry, and k orm €
(1,2, ...,45}.

Unless otherwise specified, all price variables in both this section and Appendix Il refer to the
corresponding price level denominated in domestic currency.

A. Details within and Mechanisms between Industries

The innovatively constructed equation (4.A.1) shows the logarithmic deviation of the real
output of the k-th industry of the i-th economy ln?i_k(t) not only depends on the logarithmic
deviation of the contemporaneous utilized private physical capital stock of the i-th economy

(lnﬁf(t) + ani(t)) and the logarithmic deviation of the contemporaneous effective

employment of the k-th industry of the i-th economy (ani_k(t) + lnﬁi(t)), but also depends

on both the ratio of domestic and foreign industrial intermediate goods or services (used as
intermediate inputs for domestic production sector) to industrial real output and the input-
output elasticity weighted average of the logarithmic deviation of the contemporaneous real
output of any specific industry of any specific economy

Yjmoik

Z]N:lanilTelasticity]-,m_,i,klan,m(t), according to the detailed industry-level production
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function supported by each column of the OECD ICIO table. Here we introduce the
logarithmic deviation of the output demand shock for the intermediate or final goods or
services from the k-th industry of the i-th economy that would serve as intermediate inputs
for domestic and foreign production sector or final output goods or services for domestic and
foreign absorption sector lnozi(oj;ﬁ‘fconomies(t), and the logarithmic deviation of the
intermediate input shock for the intermediate goods or services from the m-th industry of the

j-th economy to the k-th industry of the i-th economy 1n\7§;§fi‘j§(t) into this equation, in order

to better serve the specific needs of various research topics:

0% o (0) + 1 ~Y,output ¢ _Yi,k—Z]NﬂZ?nquj,m—»i,k lasticit 1—
n i,k( ) m)i,k—>all economies( ) - Yir elastucitygva-ik

eY WiLi N 154 GY WiLi ~ ’ ~
eY_lpy—Yi) (8 + IRy () + 57— e (10 (0) + Iny (t))] +

Yj,m-ik . Y, oY.input
ZlNzl fri-’:l’:{"—‘elastlmtyj‘m_)i_k (lan,m(t) — In,"PY (t))

ik jm-ik
(4.A.2)
Here,
Yi,k—Z,N=1 Yin=1Yjmoik . . . . . . .
S represents the ratio of industrial real output minus all intermediate inputs
ik

of the k-th industry of the i-th economy to the real output of the k-th industry of the i-th

economy, in other words, it is the ratio of the GVA part of the k-th industry of the i-th

economy, produced by capital and labor as input factors, to the real output of the k-th

industry of the i-th economy;

Yimoik represents the ratio of goods or services from the m-th industry of the j-th economy
ik

that are adopted as intermediate inputs of the k-th industry of the i-th economy to the real

output of the k-th industry of the i-th economy.

In addition, elasticitygya_ik represents the input-output elasticity specifically for the GVA part
of the k-th industry of the i-th economy (produced by capital and labor as input factors) and
the real output of the k-th industry of the i-th economy; elasticity; n,.; x represents the input-
output elasticity specifically for the input from the m-th industry of the j-th economy to the k-
th industry of the i-th economy and the real output of the k-th industry of the i-th economy. All
these input-output elasticities are usually estimated based on the annual OECD ICIO tables
forming a sufficiently long time series. Under the most simplified treatment, if the importance
of GVA and goods or services from different industries of different countries to serve as
intermediate inputs for the production of the k-th industry of the i-th economy are regarded
as the same, the values of all the above input-output elasticities can be directly taken as 1.

Compared with the above equation defining the industry-level real output, the following
innovatively constructed equation (4.A.2) has a similar structure to the above equation
(4.A.1), their only difference is that equation (4.A.2) uses the logarithmic deviation of the

contemporaneous potential output of the m-th industry of the j-th economy lnﬁc(j,m(t) to

replace the logarithmic deviation of the contemporaneous real output of the m-th industry of
the j-th economy lan_m(t), uses the logarithmic deviation of the contemporaneous private

physical capital stock of the i-th economy InK;(t) instead of the logarithmic deviation of the
contemporaneous utilized private physical capital stock of the i-th economy (lnﬁ%‘(t) +

ani(t)), and uses the logarithmic deviation of the contemporaneous effective labor force of
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the i-th economy (lnf\i ® + lnNi(t)) instead of the logarithmic deviation of the

contemporaneous effective employment of the i-th economy (ani (t) + InL; (t)), to define the

potential output of the k-th industry of the i-th economy (the inferred industry-level total
output given full utilization of private physical capital, effective labor and potential-output-

level intermediate inputs from all domestic and foreign industries) lnik(t):

InY; . (t) + Inprouput _ ik Nt B Vimoik lasticit .
n ik( ) 1k—>all economles( ) - Yix elastiCity gya—ik
eY

o 1P,,y)(lnx () + o i T (A + Inf, (t))]

Z] (a5 hmotk elast1c1ty] moik (lan’m () —In ”Ynlln_?lu 1: (t))
4.A.2)

The innovatively constructed equation (4.A.3) shows the logarithmic deviation of the total
exports from the k-th industry of the i-th economy InX;  (t) not only depends on the ratio of
exported industrial intermediate goods or services (used as intermediate inputs for foreign
production sector) to industrial total exports weighted average of the logarithmic deviation of
the contemporaneous real output of the m-th industry of the j-th economy (since part of the
exports of the k-th industry of the i-th economy serve as intermediate inputs for the m-th
industry of the j-th economy, we simply assume that the upstream export quantity of the k-th
industry of the i-th economy can be affected by the rise and fall of the downstream output

quantity of the m-th industry of the j-th economy) Z] 1345 1X‘ ol (lan,m(t)), but also

depends on the ratio of exported industrial final goods or serwces (used as final goods or
services for foreign private consumption, private investment or public purchase) to industrial
total exports weighted average of the logarithmic deviation of the contemporaneous private
consumption, private investment or public purchase in the j-th economy (since part of the
exports of the k-th industry of the i-th economy serve as final goods or services for private
consumption, private investment or public purchase of the j-th economy, we simply assume
that the upstream export quantity of the k-th industry of the i-th economy can be affected by
the rise and fall of the downstream private and public demand of the j-th economy)

ZNZI Xi,k—»j,private consumption (lnC(t)) + Xi,k—»j,private investment (lni (t)) + Xi,k—>j,public purchase (lnC (t)) ,
J Xik ) Xik ) Xik ]

according to the detailed industry-level export flow supported by each row of the OECD ICIO
table. For this equation, we not only introduce the logarithmic deviation of the output demand
shock for the intermediate goods or services from the k-th industry of the i-th economy
demanded by the m-th industry of the j-th economy 1n”flff]tﬁlut(t), but also introduce the
logarithmic deviation of private consumption shock for final goods or services used for
private consumption in the j-th economy from the k-th industry of the i-th economy lnofk_,j ®,
the logarithmic deviation of private investment shock for final goods or services used for
private investment in the j-th economy from the k-th industry of the i-th economy lnﬁik_)j (v,
and the logarithmic deviation of public purchase shock for final goods or services used for
public consumption or public investment in the j-th economy from the k-th industry of the i-th

economy lnﬁfk_)]- (t) into it to support various research needs:
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ik—-j,m

- Xi koi - R
In%ic(®) = By DAL, 2 (InY, () — N[0 0)) +

X k-j,privat ti ~ ~C X k—j,private investment 2 ~
2]1\121 [ 1 J,private consumption (lnC] (t) _ 1nvl'k_>] (t)) + 1 ), priva .eaneS men (1nll (t) _ 1nV}‘k_)] (t)) +

Xix Xk
X; —j i el v
i,k—j,public purchase (hlG] (t) — ]nVin_)'(t))]
Xik -
(4.A.3)
Here,
Xik-jm

represents the ratio of the exported intermediate goods or services from the k-th

ik
industry of the i-th economy that are adopted as intermediate inputs of the m-th industry of
the j-th economy to the total exports of the k-th industry of the i-th economy;

Xi,k—»j,private consumption Xi,k—»j,private investment

Xi,k—»', ublic purchase
Xik ' Xik and = Xi,kp
ratio of the exported final goods or services from the k-th industry of the i-th economy for
private consumption, private investment or public purchase of the j-th economy to the total
exports of the k-th industry of the i-th economy.

correspondingly represent the

The innovatively constructed equation (4.A.4) shows the logarithmic deviation of the total
imports of the i-th economy from the k-th industry of all other economies 1nl\7li,k(t) not only
depends on the ratio of imported industrial intermediate goods or services (used as
intermediate inputs for domestic production sector) to industrial total imports weighted
average of the logarithmic deviation of the contemporaneous real output of the k-th industry
of the j-th economy (since part of the imports from the k-th industry of the j-th economy serve
as intermediate inputs for all industries of the i-th economy, we simply assume that the
downstream import quantity of all industries of the i-th economy can be affected by the rise
and fall of the upstream output quantity of the k-th industry of the j-th economy)
ZN— Mj,k—»i,intermediate inputs
=1 M; k
goods or services (used as final goods or services for domestic private consumption, private
investment or public purchase) to industrial total imports weighted average of the logarithmic
deviation of the contemporaneous private consumption, private investment or public
purchase in the i-th economy (since part of the imports from the k-th industry of the j-th
economy serve as final goods or services for private consumption, private investment or
public purchase of the i-th economy, we simply assume that the import quantity of the
absorption sector of the i-th economy for final goods or services from the k-th industry of the
j-th economy can be affected by the rise and fall of the downstream private and public

- M; k—iprivate consumption A
demand of the i-th economy) YL, [ Lrolp ;A B (lnCi(t)) +
ik

(lan,k(t)), but also depends on the ratio of imported industrial final

M; ki pri . " M kosi . - . . .
LRI e e (lnli(t)) + LR PR (1nGi(t))], according to the detailed industry-
ik ik

level import flow supported by corresponding column of the OECD ICIO table. For this
eqguation, we not only introduce the logarithmic deviation of the output demand shock for the
intermediate goods or services from the k-th industry of the j-th economy demanded by all
industries of the i-th economy In9y{5thiE oo inoues (D, but also introduce the logarithmic
deviation of private consumption shock for final goods or services used for private
consumption in the i-th economy from the k-th industry of the j-th economy ln\A;]-C'k_,i (), the
logarithmic deviation of private investment shock for final goods or services used for private
investment in the i-th economy from the k-th industry of the j-th economy an}’k_)i(t), and the

logarithmic deviation of public purchase shock for final goods or services used for public
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consumption or public investment in the i-th economy from the k-th industry of the j-th
economy anjG‘kqi(t) into it to support relevant research needs:

—~ M: koi i iate i -
_ %N jk—iintermediate inputs I Youtput
lnMi,k(t) - Zj=1 Mix (lnYi,k(t) lnVj,k—>i,intermediate inputs (t)> +
M; Lo . - M; A . N
N jk—iprivate consumption ~C jk—iprivate investment Al
5| e (in€i(®) — 95 () + a (inf; () — In9},_;(®) +
ik ik
M; k-ipubli h = o
jk—ipublic purchase (lnGi (t) — In¥¢ i (t))]
M; k )
(4.A.4)
Here,
Mj,k—»i,intermediate inputs

v represents the ratio of the imported intermediate goods or services from
ik

the k-th industry of the j-th economy that are adopted as intermediate inputs of all industries
of the i-th economy to the total imports of the i-th economy from foreign k-th industry;

M]',k—>i,private consumption M]',k—>i,private investment Mj,k—»i,public purchase

, and
M; k M; x M; k

ratio of the imported final goods or services from the k-th industry of the j-th economy for
private consumption, private investment or public purchase of the i-th economy to the total
imports of the i-th economy from foreign k-th industry.

correspondingly represent the

The innovatively constructed equation (4.A.5) shows the logarithmic deviation of the US
dollar denominated output price level for the output of the k-th industry of the i-th economy

(lnELi(t) + lnﬁ?{((t)) not only depends on the ratio of industrial intermediate goods or

services (used as intermediate inputs for domestic and foreign production sector) to
industrial output weighted average of the logarithmic deviation of the contemporaneous US
dollar denominated output price level for the output of the m-th industry of the j-th economy
(since part of the output of the k-th industry of the i-th economy serves as intermediate input
for the m-th industry of the j-th economy, we simply assume that the upstream output price
of the k-th industry of the i-th economy can be affected by the rise and fall of the downstream

output price of the m-th industry of the j-th economy) 3}, ¥ i, Yi':;fli'm (1nE1_j (V) + InPY, (t)),

but also depends on the ratio of final goods or services (used for private consumption,
private investment or public purchase in domestic and foreign economies) to industrial
output weighted average of the logarithmic deviation of the contemporaneous US dollar
denominated domestic core price or export price for final goods or services provided by the
k-th industry of the i-th economy for private consumption, private investment or public
purchase in the j-th economy (since part of the output of the k-th industry of the i-th economy
serves as final goods or services for private consumption, private investment or public
purchase of the j-th economy, we simply assume that the upstream output price of the k-th
industry of the i-th economy can be affected by the rise and fall of both the downstream core
price for final goods or services in the i-th economy and the downstream export price of final
goods or services from the i-th economy to the j-th economy)

Yi,k—»i,privateconsumption( 6 B ) Yi,kﬁi,privateinvestment( a 3 )
[Frectprmatee Infl; (0 + InPy (1)) + Micterve Infyy(6) + 0B +

Yikoi . ~ Y Y i . . N g
ik 1,pubY11c purchase (lnEl_i(t) + lnPl (t))] + Z]N:1 i#i [ ik ],prlvatYe consumption (lnE1 i(t) + lnpl)%((t)) +
ik ’ ik ’ ,

Yi kesi ori . N - Yi ki . N - .
X "p“V:‘;e vestment (lnELi ®+ lnPiXk(t)) + X "p“l;hc purchase (lnEl i)+ lnPiXk(t))], according to
ik ! ik ’ )

the detailed industry-level output distribution supported by each row of the OECD ICIO table:
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a _ Yl, _)"m o _
Iny;(0) + InPY(O) = BiL; TAE, 5 (Infly (0 + Bl () +

Yi,k—»i,privateconsumption( t . D. ) Yi,k—»i,privateinvestment( a8 . . )
Vi InE; ;(t) + InP(t) ) + ik InEq;(t) + InP(t) ) +

Yi koi . ~ e Yi ki ori . ~ .
ik l,pu]:;llc purchase (lnEl,i(t) + lnPi (t))] + Z]N=1 i [ ik ],prlvai: consumption (lnE1 l(t) + lnPiXk(t)) +
ik ’ ik ’ y

Yikoipri i PN =~ Y; koi i A =~
ik ],prlve;fe investment (lnELi (t) + 1nPiXk (t)) + ik ],pubYllc purchase (lnEl l(t) + lnPiXk (t))]
ik ! ik ’ )

(4.A.5)

Here,
Yikojm

represents the ratio of the intermediate goods or services from the k-th industry of the

ik
i-th economy that are adopted as intermediate inputs of the m-th industry of the j-th economy
to the real output of the k-th industry of the i-th economy;

Yi,k—>j,private consumption Yi,k—»]',private investment and Yi,k—>j,public purchase

Yik ' Yik Yik
ratio of the final goods or services from the k-th industry of the i-th economy for private
consumption, private investment or public purchase of the j-th economy to the real output of
the k-th industry of the i-th economy.

correspondingly represent the

The innovatively constructed equation (4.A.6) shows the logarithmic deviation of the US
dollar denominated consumption price level in the i-th economy for final goods or services
(used for private consumption, private investment or public purchase) from the k-th industry

of all economies (lnELi(t) + lnﬁi’ck(t)) depends on the ratio of industrial final goods or

services from a specific economy (used for private consumption, private investment or public
purchase of the i-th economy) to industrial final goods or services from all economies
weighted average of the logarithmic deviation of the contemporaneous US dollar
denominated domestic core price or import price for final goods or services from foreign k-th
industry (since part of the output of the k-th industry of all economies serves as final goods
or services for private consumption, private investment or public purchase of the i-th
economy, we simply assume that the consumption price in the i-th economy for final goods
or services from domestic and foreign k-th industry can be affected by the rise and fall of
both the core price for final goods or services in the i-th economy and the import price of final
goods or services from the j-th economy to the i-th economy)

Ci,k—»i,privateconsumption( g . D. ) Ci,k—»i,privateinvestment( g . D. )
e InEq ;(t) + InP;(t) ) + Cin InEq;(t) + InP(t) ) +

Ci ki . ~ . Ci kosipri . ~ .
ik 1,put():llc purchase (lnEl,i (t) + lnPi (t))] + Z]N=1 - [ jk 1,pr1va::e consumption (lnE1 l(t) + lnPl]\l/[((t)) +
ik ’ ik ’ ’]

Ci kosi pri . ~ e Ci ki . N - .
jk 1,pr1ve;temvestment (lnEl i(t) + lnPl]\l/[((t)) + jk l,pu]:é]lc purchase (lnE1 i(t) + lnP]l\f[((t))], accordlng to
ik ! ! ik ’ !

the detailed industry-level consumption distribution supported by corresponding column of
the OECD ICIO table:

& D Cjkoiprivate consumption & D
Infly(6) + InP (1) = [ctmsteconsumption (1uf, ) + 1nB(0) +

Ci,k—»i,privateinvestment( 6 B ) Ci.k—»i.publicpurchase( & 5 )
e InE; ;(t) + InP (1) ) + Cix InE; ;(t) + InP,() )| +

Ci ki bri . ~ e Ci ki pri . ~ Y
Z]N:Lj:/;i[ jk l,prlvatcei:.msumptlon (lnELi(t) +1npi'k(t)) + jk l,prlv;z:tiel:nvestment (lnEl_i(t) + lnPi’k(t)) +

Cjkoi,public purchase ( 6 =M )
Ci,k lnEl,l (t) + lnPl,k (t)

(4.A.6)
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Here,

C',k—»i, rivate consumption C',k—>i, rivate investment C',k—>i, ublic purchase
) p Ci'k p ) p Ci'k a d ) p Ci'kp

ratio of the final goods or services from the k-th industry of the j-th economy for private

consumption, private investment or public purchase of the i-th economy to the final goods or

services from the k-th industry of all economies for private consumption, private investment

or public purchase of the i-th economy.

correspondingly represent the

The new equation (4.A.7) added accordingly defines the linear deviation of the export price
inflation for the exported output of the k-th industry of the i-th economy ﬁfk(t), which equals

to the difference between the contemporaneous and past values of the logarithmic deviation
of the price of exports for the exported output of the k-th industry of the i-th economy
lnﬁxk(t)i

() = InPY () — InPX (t— 1)
(4.A.7)

The following innovatively constructed equations about the logarithmic deviation of the price
of exports for the exported output of different industries in any economy are different, and
they are the decomposed equations of the equation (Appendix.G.6) in the original model
defining the whole-economy-level export price that does not distinguish between industries
(please refer to the following Part C of this section for details of this original equation).

For those industries of the i-th economy that produce internationally homogeneous energy
commodities, equation (4.A.8a) shows the linear deviation of the export price inflation for the
exported output of the k-th industry of the i-th economy ﬁffk(t) not only depends on a linear
combination of its past and expected future values, driven by the difference between the
logarithmic deviation of the contemporaneous i-th economy’s currency denominated price of
internationally homogeneous energy commodities (lnﬁi,l(t) + lnﬁf(t)) and the logarithmic

deviation of the contemporaneous price of exports for the exported output of the k-th industry
of the i-th economy lnﬁﬁ((t), but also depends on the contemporaneous, past and expected
future values of the logarithmic deviation of the i-th economy’s currency denominated price

of internationally homogeneous energy commodities (lnﬁi,l(t) + lnﬁf(t)), and is also
influenced by the logarithmic deviation of the contemporaneous industry-level export price

markup shock lnﬁi(k(t), according to industry-level export price Phillips curve:

yia-p¥)  x

~ (1=-0X)(1-*PB)
Tfi,k(t) = m“i,k(t -1+ T AX X

B o
1+BYX(1_|J-X) (")X(1+BYX(1_|J—X)) [(lnEl,l(t) +

5 5 5 YXAHB) [() 0 5 L (1nf
InPY (©) = InPX®) + I8 (0] + o [ (1nBi s (O + B (©)) = 15 (InBia(t - D) +

InPY (t — 1)) — ?ﬁﬁ E; (lnﬁi,l(t +1) + InPY(t+ 1))]
(4.A.8a)

Ectf (t+ 1) +

For those industries that produce internationally homogeneous nonenergy commodities,
equation (4.A.8b) shows the linear deviation of the export price inflation for the exported
output of the k-th industry of the i-th economy ﬁffk(t) not only depends on a linear
combination of its past and expected future values, driven by the difference between the
logarithmic deviation of the contemporaneous i-th economy’s currency denominated price of
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internationally homogeneous nonenergy commodities (lnE1 1(© + InP, e(t)) and the

logarithmic deviation of the contemporaneous price of exports for the exported output of the
k-th industry of the i-th economy lnP (), but also depends on the contemporaneous, past
and expected future values of the Iogarlthmlc deviation of the i-th economy’s currency

denominated price of internationally homogeneous nonenergy commodities (lnEi_l(t) +

InP, e(t)) and is also influenced by the logarithmic deviation of the contemporaneous
industry-level export price markup shock 1n19 «(©), according to industry-level export price
Phillips curve:

(1-0X)(1-w*p)

~ X(1-pXy . =R ~
k() = Lu)x)“ik(t -+ LEtﬂik(t +1)+ [(lnEi 1O+

1+ByX(1-p 1+ByX(1-pX) wx(1+BvX(1 uX))
e X X(1 )
InBY, (t) — InBX (t))+1ns (O] + :BYX—(IH‘[(lnEM(thP,}fe(t)) (lnEll(t—1)+
InPY, (t— 1)) — £ BEt (InB;4 (t+ 1) + InP (e + 1))]

(4.A.8b)

For those industries that produce internationally heterogeneous goods or services, equation
(4.A.8c) shows the linear deviation of the export price inflation for the exported output of the
k-th industry of the i-th economy ﬁffk(t) not only depends on a linear combination of its past
and expected future values, driven by the difference between the logarithmic deviation of the
contemporaneous core price level of the i-th economy InP;(t) and the logarithmic deviation of
the contemporaneous price of exports for the exported output of the k-th industry of the i-th

economy InP. k(t) but also depends on the contemporaneous, past and expected future

values of the linear deviation of the core inflation of the i-th economy 7;(t), according to
industry-level export price Phillips curve:

~ 1 -
(D) = _Yase) Rt —1) +

1-0X)(1-wX 5
o Tk Bt (t+ 1) + x50 (InBy(r) —

X (1+ByX(1-pX))

E(m(t+ 1))

p
1+ByX(1-pX)
InBX(0) + <Tt,(t) - L0 R (- 1) -

B
L+ByX(1-p 1+ByX(1-p%)
(4.A.8¢)

The new equation (4.A.9) added accordingly defines the linear deviation of the post-tariff
import price inflation for the total imports of the i-th economy from the k-th industry of all
other economies 1'[ k(©), which equals to the difference between the contemporaneous and
past values of the Iogarlthmlc deviation of the post-tariff price of imports for the total imports
of the i-th economy from the k-th industry of all other economies 1nE1"1’[((t):

fAk® = InPR () — InP(t— 1)
(4.A.9)

The new equation (4.A.10) added accordingly defines the linear deviation of the pre-tariff
import price inflation for the total imports of the i-th economy from the k-th industry of all
other economies ﬁf’{(T(t), which equals to the difference between the contemporaneous and
past values of the logarithmic deviation of the pre-tariff price of imports for the total imports

of the i-th economy from the k-th industry of all other economies lnﬁf‘ﬁ'T(t):
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fily (0 =InP " (© — B (t— 1)
(4.A.10)

The innovatively constructed equation (4.A.11) defines the logarithmic deviation of the pre-
tariff price of imports for the total imports of the i-th economy from the k-th industry of all

other economies lnﬁT('T(t), which depends on both the logarithmic deviation of the post-tariff
price of imports for the total imports of the i-th economy from the k-th industry of all other
economies lnPl M(t) and the linear deviation of the contemporaneous import tariff rate for the
total imports of the i-th economy from the k-th industry of all other economies (Ti,k(t) - i,k),
with t}‘,"k(t) the contemporaneous industry-level import tariff rate variable and T?,/Ik the

industry-level tariff rate constant for the i-th economy's imports from the k-th industry of all
other economies in period t:

ln’P- (t) = lnPll\ﬁ(t) Tarlff (le(t) i,k)
(4.A.11)

Here tTa”ff is the broad level of import tariff rates for the total imports of the i-th economy

from the k-th industry of all other economies.

The innovatively constructed equation (4.A.12) shows the linear deviation of the import tariff
rate for the total imports of the i-th economy from the k-th industry of all other economies
(t}k(® — ti%) depends on its past value (1} (t — 1) — 1} ), and is also influenced by the

linear deviation of the contemporaneous industry-level import tariff rate shock 7} (t),
according to industry-level fiscal revenue rule:

M
(thk® — k) = pik (Thi(t = 1) — 1) + Vi NG)
(4.A.12)

Here pfﬁ represents the country differentiated and industry differentiated coefficient for the
intertemporal change of country differentiated and industry differentiated import tariff rate,
which is estimated based on the industry specific tariff reduction commitments of each
country in the tariff terms of for example RCEP.

The innovatively constructed equations about the logarithmic deviation of the pre-tariff price
of imports for the total imports of any economy from different industries of all other
economies are different, and they are the decomposed equations of the equation
(Appendix.G.8) in the original model defining the whole-economy-level import price that does
not distinguish between industries (please refer to the following Part C of this section for
details of this original equation).

For those industries that produce internationally homogeneous energy commodities,
equation (4.A.13a) shows the linear deviation of the pre-tariff import price inflation for the
total imports of the i-th economy from the k-th industry of all other economies ﬁf’[kT(t) not
only depends on a linear combination of its past and expected future values, driven by the
difference between the industry-level import weighted average of the logarithmic deviation of
the contemporaneous i-th economy’s currency denominated price of exports for the exported
output of the k-th industry of any specific economy Y1, w}} ; [InE;;(t) + InP(t)] and the
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logarithmic deviation of the contemporaneous pre-tariff price of imports for the total imports
of the i-th economy from the k-th industry of all other economies lnﬁil_\f[(‘T(t), but also depends
on the contemporaneous, past and expected future values of the logarithmic deviation of the
i-th economy’s currency denominated price of internationally homogeneous energy
commodities (lnﬁi 1)+ 1nFY(t)) and is also influenced by the logarithmic deviation of the

contemporaneous industry-level import price markup shock ln{) k(©), according to industry-
level import price Phillips curve:

AMT YMa-pih FMT o B AMT
(= —1+ G- k E=D+——x—r T Ef, (t+ 1)+
(1—wM)(1—wMB)

wM(1+gyM(1_u.M)){Zi=1‘*’i,k,j [lnEi,j(t)Hn PX(® —InP (O] + IndM (0} +

H;‘;BT—% [(InB; 1 (® + mBY (1)) — -
InPY (t +1))]

(4.A.13a)

o (lnEll(t— 1) + InP) (t — 1)) = BEt (lnEll(t +1) +

For those industries that produce internationally homogeneous nonenergy commodities,
equation (4.A.13b) shows the linear deviation of the pre-tariff import price inflation for the

total imports of the i-th economy from the k-th industry of all other economies n T(t) not
only depends on a linear combination of its past and expected future values, drlven by the
difference between the industry-level import weighted average of the logarithmic deviation of
the contemporaneous i-th economy’s currency denominated price of exports for the exported
output of the k-th industry of any specific economy YL, w}} ; [InE;;(t) + InPL(t)] and the
logarithmic deviation of the contemporaneous pre-tariff price of imports for the total imports
of the i-th economy from the k-th industry of all other economies ln’P\if‘f{'T(t), but also depends
on the contemporaneous, past and expected future values of the logarithmic deviation of the
i-th economy’s currency denominated price of internationally homogeneous nonenergy
commodities (lnﬁi 10+ lnAYe(t)) and is also influenced by the logarithmic deviation of the

contemporaneous industry-level import price markup shock lnﬂ k (), according to industry-
level import price Phillips curve:

AMT yMa- ul AMT B =MT
(1—wM)(1—wMB) SMT
oM By M) {ijl wi’k_j [lnEij(t) + InP, -)f((t) —InP} (t)] + IndM O+
M M(1+ ) —~ PN
W@_fm (i1 (® + PY©) = 135 (i (6= ) + IRt = 1) = 22 B (InBya(t 4+ D) +
InPY, (t + 1))]
(4.A.13Db)

For those industries that produce internationally heterogeneous goods or services, equation
(4.A.13c) shows the linear deviation of the pre-tariff import price inflation for the total imports
of the i-th economy from the k-th industry of all other economies 11 T(b) depends on a linear
combination of its past and expected future values, driven by the dlfference between the

industry-level import weighted average of the logarithmic deviation of the contemporaneous
i-th economy’s currency denominated price of exports for the exported output of the k-th

industry of any specific economy Y; w}} ; [InE;;(t) + InPL(t)] and the logarithmic deviation
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of the contemporaneous pre-tariff price of imports for the total imports of the i-th economy
from the k-th industry of all other economies lnﬁil_\f[(‘T(t), and is also influenced by the
logarithmic deviation of the contemporaneous industry-level import price markup shock

lnf) k(t), according to industry-level import price Phillips curve:

AMT YMa-pth FMT B AM,T
(0 = g T (0 D ¥ g B (1) +

(1—wM)(1—wMB) PX SM,T
oM By M) {ijl wi’k_j [lnEi‘j v+ 1nPj’k(t) —InPy (t)] + ln{) (t)}

(4.A.13c)

The innovatively constructed equation (4.A.14) shows the logarithmic deviation of the labor

productivity for the k-th industry of the i-th economy ani_k(t) not only depends on the

logarithmic deviation of the contemporaneous cross-border cross-industry productivity shifter

MY Yo 15 Yimoik v, () + <1 — A 5 Zsik*‘k )lnv (t)] that satisfies
i'=1

jI=14m/= 1Y]lml—>1k m/ 1Y]’m’—>1k

dynamic factor process to reflect technology diffusion among all industries of all economies,
but also depends on the difference between the logarithmic deviation of the
contemporaneous industry-level public physical capital stock an «(t) and the logarithmic

deviation of the contemporaneous total labor force InN;(t) (here we simply assume the
logarithmic deviation of industry-level labor force equal to the logarithmic deviation of total
labor force), which reflects the promotion effect of per capita public physical capital stock on
labor productivity improvement, through ways such as infrastructure construction and public
expenditure for R & D:

Yj,mo-i, A
lnAlk(t) - q)A [}\A Z] 1 m 1yN ] 5 lnvj,m(t) +{1-

jr=1 ml 1Y]Iml—»1k

N
Z1":1 m/=1Yj’ m’ ik

(4.A.14)

AA fgk*‘k >lnvlk(t)]+(1—¢A)(an () — InR;())

Here,
Yjmoik

SN a5y represents the ratio of goods or services from the m-th industry of the j-th
jr=14mr=11j/,mr/-ik

economy that are adopted as intermediate inputs of the k-th industry of the i-th economy to
goods or services from all industries of all economies that are adopted as intermediate

inputs of the k-th industry of the i-th economy;
Yikoik

Z]!\’: ;}ns 1Y]’m -ik

of the i-th economy that continue to be used as intermediate inputs for the k-th industry of

the i-th economy to goods or services from all industries of all economies that are adopted

as intermediate inputs of the k-th industry of the i-th economy.

represents the ratio of intermediate goods or services from the k-th industry

All these parameters are used to reflect that the degree of cross-border cross-industry
technology diffusion is directly proportional to the scale of input-output relation between
different industries in different countries.

The structure of the innovatively constructed equation (4.A.15) defining the industry-level
public investment and the equation (Appendix.J.8) in the original model that defines the
whole-economy-level public investment (please refer to the following Part C of this section
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for details of this original equation) is similar. The equation (4.A.15) shows the logarithmic
deviation of the public investment for the k-th industry of the i-th economy lnﬁillk(t) depends
on a weighted average of its past and desired values, and is also influenced by the linear

deviation of the contemporaneous industry-level public investment shock Off((t), while the
logarithmic deviation of the desired public investment for the k-th industry of the i-th
economy equals to the logarithmic deviation of the contemporaneous potential output of the

i-th economy 1n§i(t), according to the industry-level fiscal expenditure rule adjusted
correspondingly:

~ —~ = -l
InG{ () = pgInG{, (t— 1) + (1 — pe)InY; (V) + 97 (D)
(4.A.15)

The structure of the innovatively constructed equation (4.A.16) defining the industry-level
public physical capital stock and the equation (Appendix.J.9) in Appendix Il that defines the
whole-economy-level public physical capital stock is similar. The equation (4.A.16) shows
the logarithmic deviation of the past public investment for the k-th industry of the i-th
economy InGj (t — 1) is accumulated to form the logarithmic deviation of the
contemporaneous public physical capital stock for the k-th industry of the i-th economy
anﬁk(t), according to the perpetual inventory method:

InRE () = (1 — 8%)InKE (t — 1) + 8CInGl, (t— 1)
(4.A.16)

The innovatively constructed equation (4.A.17) defining the industry-level corporate profits
has a similar structure to the equation (Appendix.D.10) in Appendix Il that defines the whole-
economy-level corporate profits. It shows the logarithmic deviation of the corporate profits of
the k-th industry of the i-th economy lnﬁfk(t) not only depends on the logarithmic deviation
of the contemporaneous output price level for the output of the k-th industry of the i-th
economy lnﬁ?{((t) and the logarithmic deviation of the contemporaneous real output of the k-

th industry of the i-th economy InY;  (t), but also depends on the linear deviation of the

contemporaneous corporate income tax rate tX(t), according to the industry-level corporate

profit function modified correspondingly:

Infi$(®) = (INBY(O) + %, (6)) -
(4.A.17)

1
1-14

WiLi\ ~
(1-55) 2k

The structure of the innovatively constructed equation (4.A.18) defining the industry-level
corporate equity price and the equation (Appendix.D.9) in Appendix Il that defines the whole-
economy-level corporate equity price is similar. The equation (4.A.18) shows the logarithmic
deviation of the price of corporate equity of the k-th industry of the i-th economy ani?k(t) not
only depends on its expected future value, driven by the logarithmic deviation of the
expected future corporate profits of the k-th industry of the i-th economy Etlnﬁfk(t + 1), but
also depends on the linear deviation of the contemporaneous nominal short term bond yield
of the i-th economy 15 (t), and is also influenced by the logarithmic deviation of the
contemporaneous weighted average of domestic and foreign equity risk premium for the k-th
industry of the i-th economy In0; (t) defined in the following equation, according to the

industry-level equity market relationship adjusted correspondingly:
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InUS(6) = BEnVS (t + 1) + (1 — B)EnMIS (t + 1) — (1) + o ()
(4.A.18)

Since we assume that the equity market contagion mechanism for equity price of listed
companies in the same industry of various countries is similar to the equity market contagion
mechanism among various countries for equity price of all listed companies that do not
distinguish between industries, the structure of the innovatively constructed equation
(4.A.19) defining the industry-level weighted average of domestic and foreign equity risk
premium is similar to that of the equation (Appendix.K.10) in the original model that defines
the whole-economy-level weighted average of domestic and foreign equity risk premium
(please refer to the following Part C of this section for details of this original equation).
Specifically, the equation (4.A.19) defines the logarithmic deviation of the weighted average
of domestic and foreign equity risk premium for the k-th industry of the i-th economy lnﬁfk(t)
as the capital market capitalization weighted average of the logarithmic deviation of the
contemporaneous equity risk premium shock for the k-th industry of any specific economy
except the i-th economy (Z,N=1 w9} () — w{*ln\?is,k(t)), adds the logarithmic deviation of the
contemporaneous equity risk premium shock for the k-th industry of the i-th economy
o7 (1):

Ino§, () = A7 T of i (0) + (1 — A of)Ind (D)
(4.A.19)

Here the parameter A} represents the i-th economy's capital market contagion level, the
same as that in the equation (Appendix.K.10) in the original model (please refer to the
following Part C of this section for details of this original equation).

The structure of the innovatively constructed equation (4.A.20) defining the industry-level
corporate loan default rate and the equation (Appendix.E.14) in Appendix Il that defines the
whole-economy-level corporate loan default rate is similar. The equation (4.A.20) shows the
linear deviation of the domestic corporate loan default rate for the domestic currency
denominated final corporate loans issued by global final banks of the i-th economy to firms of

the k-th industry of the i-th economy ka(t) depends on a weighted average of its past and
attractor values, and is also influenced by the linear deviation of the contemporaneous

industry-level corporate loan default shock \715}2 (t), while the linear deviation of the industry-
level attractor corporate loan default rate — [ZSC'Y (ln?i,k(t) — ln?i,k(t)) + 8V (ani,Sk(t) -
ani,Sk(t - 1))] depends on the logarithmic deviation of the contemporaneous output gap of

the k-th industry of the i-th economy (ln?i,k(t) - ln’ik(t)), as well as the intertemporal

change in the logarithmic deviation of the price of corporate equity of the k-th industry of the
i-th economy (ani?k(t) - ani?k(t - 1)), according to the industry-level corporate loan default
rate relationship modified correspondingly:

BE(0) = psBl(t— 1) = (1= py) [0 (InT(®) — nTyp(©)) + 5 (TS0 -

VS (e — )] + 980
(4.A.20)
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B. Industry-Level Exogenous Shocks

Since we usually consider shocks of short duration on the intermediate inputs from upstream
industries to downstream industries in the global supply chain when applying this model, the
innovatively constructed equation (4.B.1) shows the logarithmic deviation of the intermediate
input shock for the intermediate goods or services from the m-th industry of the j-th economy

to the k-th industry of the i-th economy ln\”;mfi‘jf (t), which directly influences the quantity of

intermediate goods or services from the m-th industry of the j-th economy to the k-th industry

of the i-th economy, follows normally distributed white noise process, and

. . 2 .
Y,input .. Y,input Y,input ..
& moik (D~iid N (O, (a}fm_)i'k) ) Here o,k represents the standard deviation of the

normally distributed innovations s]";ﬁff (t) to reflect the upstream industry differentiated and
downstream industry differentiated scale of supply shock for intermediate inputs:

VY,input

~Y,input _
In¥; Sk () = &moix ()

(4.B.1)

However, the setting of this industry-level intermediate input supply shock can be changed to
follow stationary first order autoregressive process or even other processes, according to the
specific research needs such as persistent shrinkage of intermediate inputs.

Given that we usually consider demand shocks of short duration on the upstream industries’
output of intermediate or final goods or services needed by domestic and foreign
downstream industries or absorption sectors when applying this model to supply chain
related research topics, the innovatively constructed equation (4.B.2) shows the logarithmic
deviation of the output demand shock for the intermediate or final goods or services from the
k-th industry of the i-th economy that would serve as intermediate inputs for domestic and
foreign production sector or final output goods or services for domestic and foreign

absorption sector lnozi(oj;ﬁfconomies(t), which directly influences the real output of the k-th

industry of the i-th economy, follows normally distributed white noise process, and

2
VY,output . VY,output VY,output
8i,k—>all economies (t)~lld N 0, Gi,k—>all economies . Here Gi,k—»all economies represents the

Y,output

standard deviation of the normally distributed innovations &;} 1 economies(t) tO reflect the

upstream industry differentiated and downstream industry or absorption sector differentiated
scale of demand shock for intermediate or final goods or services:

VY,output

~Y,output _
Inv (t) = &j k—all economies (t)

i,k—all economies

(4.B.2)

However, the setting of this industry-level intermediate or final output demand shock can be
changed to follow stationary first order autoregressive process or even other processes,
according to the specific research needs such as persistent shrinkage of demand for
intermediate or final goods or services.

The above industry-level output demand shock can be further decomposed into more
granular shocks, such as the following five demand-side shocks described by equation
(4.B.3) to equation (4.B.7), that are introduced into the equation (4.A.3) and (4.A.4)
accordingly.
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The innovatively constructed equation (4.B.3) shows the logarithmic deviation of the output
demand shock for the intermediate goods or services from the k-th industry of the i-th

economy demanded by the m-th industry of the j-th economy ln\?fi(‘fjt'fn“t(t), which directly

influences the intermediate goods or services output from the k-th industry of the i-th
economy to the m-th industry of the j-th economy, follows normally distributed white noise

Y,output .. Y,output 2 Y,output
process, and &y, (O)~iidN (O, (o}fk_)j,m ) ) Here ojy_jm represents the standard

deviation of the normally distributed innovations e} (t) to reflect the upstream industry

differentiated and downstream industry differentiated scale of demand shock for intermediate
goods or services:

vY,output

AY,output(t) — Si,k—>j,m (t)

lnvi’k_)].’m
(4.B.3)

The innovatively constructed equation (4.B.4) shows the logarithmic deviation of the output
demand shock for the intermediate goods or services from the k-th industry of the j-th

. . . ~Y,output H
economy demanded by all industries of the i-th economy InV; | ;% - mediate inputs (B): Which

directly influences the intermediate goods or services output from the k-th industry of the j-th

economy to all industries of the i-th economy, follows normally distributed white noise

2
VY,output . VY,output
process, and 8j,k—>i,intermediate inputs (t)~lld N 0, Gj,k—»i,intermediate inputs . Here

VY,output

O ki intermediate inputs €presents the standard deviation of the normally distributed

Y,output

iNNOVAtions &y_,; intermediate inputs (V) 10 reflect the upstream industry differentiated and

downstream economy differentiated scale of demand shock for intermediate goods or
services:

VY,output

~Y,output _
In¥ (t) = & k—i,intermediate inputs (t)

j,k—i,intermediate inputs

(4.B.4)

The innovatively constructed equation (4.B.5) shows the logarithmic deviation of private
consumption shock for final goods or services used for private consumption in the j-th

economy from the k-th industry of the i-th economy ln\7ic‘kqj (t), which directly influences the
guantity of final goods or services used for private consumption in the j-th economy from the
k-th industry of the i-th economy, follows normally distributed white noise process, and

2
s}fli_)j (H)~iid N (0, (c}’,{;j) ) Here o}fﬁ_)j represents the standard deviation of the normally

distributed innovations s}fl(;j to reflect the producing and consuming countries differentiated
and industry differentiated private consumption fluctuation:

~ C
(4.B.5)

The innovatively constructed equation (4.B.6) shows the logarithmic deviation of private
investment shock for final goods or services used for private investment in the j-th economy

from the k-th industry of the i-th economy ln\?{kqj (t), which directly influences the quantity of

final goods or services used for private investment in the j-th economy from the k-th industry
of the i-th economy, follows normally distributed white noise process, and
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2
s}i_)j (t)~iid N (0, (o}’jﬁj) ) Here o}fiﬁj represents the standard deviation of the normally

distributed innovations s}fiﬁj to reflect the producing and consuming countries differentiated
and industry differentiated private investment fluctuation:

. I
an%,k—»j (0 = &xi(©
(4.B.6)

The innovatively constructed equation (4.B.7) shows the logarithmic deviation of public
purchase shock for final goods or services used for public consumption or public investment

in the j-th economy from the k-th industry of the i-th economy ln\A;iG’lHj (t), which directly

influences the quantity of final goods or services used for public consumption or public
investment in the j-th economy from the k-th industry of the i-th economy, follows normally

2
distributed white noise process, and s}’,ﬁ_,]- (t)~iid N (0, (o}fﬁ_)]-) ) Here c}’,ﬁ_)j represents the

standard deviation of the normally distributed innovations s}’,ﬁ_,]- to reflect the producing and

consuming countries differentiated and industry differentiated public consumption and public
investment fluctuation:

~ G
(4.B.7)

However, the settings of all the above five types of demand-side shocks can be changed to
follow stationary first order autoregressive process or even other processes, depending on
the specific scenario under which the demand-side shocks with what time duration should be
set.

Since we often want to set price markup shocks of short duration on the output or export of
or import from any industry of any economy in many studies that need to apply this model,
we introduce the following three price markup shocks into the industry-level part of the
AGMFM accordingly.

The innovatively constructed equation (4.B.8) shows the logarithmic deviation of the output
price markup shock for the output of the k-th industry of the i-th economy lnS}fk(t), which
directly influences the output price of the k-th industry of the i-th economy, follows normally

2
distributed white noise process, and &%) (t)~iid N (0, (GEE) ) Here o?), represents the

standard deviation of the normally distributed innovations s}"; (t) to reflect the country
differentiated and industry differentiated output price fluctuation:

IndY, (1) = el ()
(4.B.8)

The innovatively constructed equation (4.B.9) shows the logarithmic deviation of the export
price markup shock for the exports of the k-th industry of the i-th economy 1n§§k(t), which
directly influences the export price for exports from the k-th industry of the i-th economy,

2
follows normally distributed white noise process, and efi (t)~iid N (O, (cﬁi) ) Here o?
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represents the standard deviation of the normally distributed innovations sfi(t) to reflect the
country differentiated and industry differentiated export price fluctuation:

Ind%(0) = e (®)
(4.B.9)

The innovatively constructed equation (4.B.10) shows the logarithmic deviation of the import
price markup shock for the imports of the i-th economy from foreign k-th industry lnSR’{((t),

which directly influences the import price for imports of the i-th economy from the k-th
industry of all other economies, follows normally distributed white noise process, and

2
e2 ()~iid N (0, (0‘19,114 ) ) Here o}y represents the standard deviation of the normally

distributed innovations s‘fff (t) to reflect the country differentiated and industry differentiated
import price fluctuation:

IdM(0) = &2 (1)
(4.B.10)

It is worth noting that the setting of the above three industry-level price markup shocks can
be changed to follow stationary first order autoregressive process or even other processes,
due to the specific research settings or assumptions.

The innovatively constructed equation (4.B.11) shows the linear deviation of the import tariff
rate shock for the total imports of the i-th economy from the k-th industry of all other
economies Gi,r (), which directly influences the import tariff rate for the total imports of the i-
th economy from the k-th industry of all other economies, follows stationary first order

T, . T, 2
autoregressive process, with normally distributed innovations s}ko (t)~iid N (O, (o}ko) ):

~TM ™™ M ™M
(4.B.11)

Here p}ff('M represents the country differentiated and industry differentiated coefficient for the
intertemporal change of country differentiated and industry differentiated import tariff rate

shock, o}fEM represents the standard deviation of the normally distributed innovations s}fEM ®
to reflect the country differentiated and industry differentiated tax reduction intensity and
volatility in the tariff terms of for example RCEP, which are all estimated based on the
specific tariff reduction commitments of each country.

Similar to the setting of the whole-economy-level labor productivity shock in the previous
equation (Appendix.L.1) in the original model (please refer to the following Part C of this
section for details of this original equation), the innovatively adjusted equation (4.B.12)
shows the logarithmic deviation of the labor productivity shock for the production of the k-th
industry of the i-th economy In¥;}, (t), which directly influences the labor productivity for the k-
th industry of the i-th economy, follows stationary first order autoregressive process, with

2
normally distributed innovations s}’ﬁ (O)~iid N (0, (o}’ﬁ) ) Here o}ff: represents the standard
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deviation of the normally distributed innovations s}’,ﬁ (t) to reflect the country differentiated
and industry differentiated evolution path of labor productivity:

~ A A
lnv‘ﬁk(t) = p}’_klnv‘ﬁk(t -1+ s}fk (v
(4.B.12)

The newly added equation (4.B.13) shows the linear deviation of the public investment shock

for the k-th industry of the i-th economy OiG’}I((t), which directly influences the public
investment for the k-th industry of the i-th economy, follows stationary first order

2
autoregressive process, with normally distributed innovations s}’_i'l (t)~iid N (0, (o}f}i'l) ) Here

o}fﬁ'l represents the standard deviation of the normally distributed innovations s}fﬁ'l (t) to

reflect the government's differentiated public investment support for sunrise and sunset
industries:

cl Gl I Gl
VSk(t) = pik Vik(t—1) + & (O
(4.B.13)

Similar to the setting of the whole-economy-level equity risk premium shock in the previous
equation (Appendix.L.16) in the original model (please refer to the following Part C of this
section for details of this original equation), the innovatively modified equation (4.B.14)
shows the logarithmic deviation of the equity risk premium shock for the k-th industry of the i-
th economy lnofk(t), which directly influences the equity price of listed companies in the k-th
industry of the i-th economy, follows stationary first order autoregressive process, with

2
normally distributed innovations s}fi(t)~iid N (O, (c}’,i) ) Here o}fi represents the standard

deviation of the normally distributed innovations s}’_ls((t) to reflect the country differentiated
and industry differentiated corporate equity risk premium:

95, (©) = pYplndy (t — 1) + /(D)
(4.B.14)

Similar to the setting of the whole-economy-level corporate loan default shock in the
previous equation (Appendix.L.21) in the original model (please refer to the following Part C
of this section for details of this original equation), the innovatively adjusted equation
(4.B.15) shows the linear deviation of the corporate loan default shock for the domestic
currency denominated final corporate loans issued by global final banks of the i-th economy

to firms of the k-th industry of the i-th economy Ofli (t), which directly influences the domestic

corporate loan default rate for the domestic currency denominated final corporate loans
issued by global final banks of the i-th economy to firms of the k-th industry of the i-th

o c\2
economy, follows normally distributed white noise process, and s}f( (t)~iid N <O, (o}f( ) )

c c
Here o}fi represents the standard deviation of the normally distributed innovations s}’,i (®to

reflect the country differentiated and industry differentiated corporate loan default rate
fluctuation:
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&C v8C€
Vi,k (t) == Si,k (t)
(4.B.15)

C. Flexibility of All Industry-Level Equations

It is worth noting that all the previously introduced industry-level equations can be flexibly
added or removed from the model, depending on whether the specific research topic served
by this model needs to use the intra-industry and inter-industry mechanisms characterized
by all those industry-level equations. However, if all industry-level equations are removed
due to specific model applications do not care about the details of industries under the whole
economy, or due to the need to reduce the scale of the model, equation (Appendix.A.2),
(Appendix.D.2), (Appendix.D.3), (Appendix.D.4), (Appendix.D.12), (Appendix.G.1),
(Appendix.G.2), (Appendix.G.6), (Appendix.G.8), (Appendix.J.8), (Appendix.K.10),
(Appendix.L.8), (Appendix.L.16) and (Appendix.L.21) introduced in Appendix Il need to be
modified accordingly, while equation (Appendix.L.1), (Appendix.L.6), (Appendix.L.7),
(Appendix.L.10), (Appendix.L.11) and (Appendix.L.24) from the original model need to be re-
added, as described in detail below.

The modified and simplified equation (Appendix.A.2) has its aggregated consumer prices at
the industry level replaced with the weighted average of core price level and import price
level at the whole economy level. Specifically, this simplified equation shows the logarithmic
deviation of the domestic comprehensive consumption price level InP¢(t) depends on the
total domestic demand and total imports weighted average of the logarithmic deviation of the
contemporaneous domestic core price level InP,(t) and the logarithmic deviation of the
contemporaneous domestic currency denominated post-tariff price of imports InPM(t) (the
structure of this equation is similar to that of the corresponding equation in the original
model, but the parameters before price variables are adjusted to make its setting more
suitable for the situation that the total import value of some small and highly open economies
we add to the model can almost equal or even exceed their GDP), according to the
simplified consumption price relationship:

=~ Dj =~ M; =~
InPE(t) = b RO + 5 InPM(¢)
(Appendix.A.2)
Here,

Di+M;
economy'’s total domestic demand to the domestic currency denominated value of the sum
of the i-th economy’s total domestic demand and total imports;

D_l\:;v[_ represents the proportion of the domestic currency denominated value of the i-th

economy'’s total imports to the domestic currency denominated value of the sum of the i-th
economy’s total domestic demand and total imports.

represents the proportion of the domestic currency denominated value of the i-th

The modified and simplified equation (Appendix.D.2) has its aggregated output prices at the
industry level replaced with the weighted average of core price level and export price level at
the whole economy level. Specifically, this simplified equation shows the logarithmic
deviation of the domestic comprehensive output price level InPY (t) depends on the total
domestic demand and total exports weighted average of the logarithmic deviation of the
contemporaneous domestic core price level InP,(t) and the logarithmic deviation of the
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contemporaneous domestic currency denominated price of exports InPX(t) (the structure of
this equation is similar to that of the corresponding equation in the original model, but the
parameters before price variables are adjusted to make its setting more suitable for the
situation that the total export value of some small and highly open economies we add to the
model can almost equal or even exceed their GDP), according to the simplified output price
relationship:

D.

InPY(t) = Di+lxi InP;(t) +

(Appendix.D.2)

Xi

pX
Di+%; lnPi (t)

Here,

% represents the proportion of the domestic currency denominated value of the i-th

economy'’s total domestic demand to the domestic currency denominated value of the sum
of the i-th economy’s total domestic demand and total exports;

% represents the proportion of the domestic currency denominated value of the i-th

economy'’s total exports to the domestic currency denominated value of the sum of the i-th
economy’s total domestic demand and total exports.

The simplified equation (Appendix.D.3) only uses capital and labor as input factors for the
overall production function of national total output, and has the industry-level output
weighted average of the logarithmic deviation of the contemporaneous total output of any
specific industry of the i-th economy Y2, Contribution_Y; xInY; \ (t) removed. Specifically, this
simplified equation shows the logarithmic deviation of the total output of the i-th economy
InY;(t) depends on the weighted average of the logarithmic deviation of the

contemporaneous utilized private physical capital stock of the i-th economy (lnﬁ%‘(t) +
ani(t)) and the logarithmic deviation of the contemporaneous effective employment of the i-

th economy (lnf\i ® + lnﬁi(t)), according to the simplified total production function:

eY WijLj PN > SY W;Li -~ ~
— i) (16K + IR ) + g7 ot (100 + L)

In%,(t) = [(1
(Appendix.D.3)

In addition, since the complete replication of the original model shows that it could be too far
to pass the verification of rank condition, while adjusting the value of elasticity 6Y in the
above modified production function not only could significantly move the model closer to
pass the rank condition verification, but also is consistent with the reality that the production
function of most countries usually have a slight scale effect. Since capital as input factor is

. Y Wwil;) .
usually easier to show scale effect than labor, then the overall parameter (1 — v I—PY‘Y‘) in
“1PYY;

front of the utilized private physical capital stock (lnﬁ{‘(t) + ani(t)) has been slightly

increased to reflect this slight scale effect (the same adjustment are also made to the
previous equation (4.A.1) and (4.A.2), and the following equation (Appendix.D.4)), which
make the scale effect of the adjusted total production function range from 1.1 to 1.6,
depending on the ratio of return on labor to return on capital in different countries. However,
this parameter adjustment is worthy of further discussion in the improvement of the model in
the future, since this elasticity 8Y is precisely the parameter that the model’s simulation
results are usually extremely sensitive to the change of its value. It is also necessary to
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conduct a large number of sensitivity analysis around these non-economy-specific important
parameters in order to identify all result sensitive parameters in the AGMFM in the future.

The simplified equation (Appendix.D.4) has the industry-level output weighted average of the
logarithmic deviation of the contemporaneous potential output of any specific industry of the
i-th economy Y32, Contribution_Yi,klnik(t) replaced with the capital and labor as input
factors for the overall production function of national potential output. Specifically, this
simplified equation shows the logarithmic deviation of the potential output of the i-th
economy (the inferred total output given full utilization of private physical capital and effective
labor) ln?i (t) depends on the weighted average of the logarithmic deviation of the
contemporaneous private physical capital stock of the i-th economy InK;(t) and the
logarithmic deviation of the contemporaneous effective labor force of the i-th economy

(In&;(t) + mN;(®)):

S oY WL = oY WL —~ —~
In%i(t) = [(1 — P?Yi) InRi() + g7 g (1080 + lnNi(t))]

(Appendix.D.4)

The modified and simplified equation (Appendix.D.12) has its aggregated labor productivity
at the industry level replaced with the weighted average of labor productivity at the whole
economy level. Specifically, this simplified equation shows the logarithmic deviation of the
labor productivity InA;(t) not only depends on the logarithmic deviation of the
contemporaneous productivity shifter [A* ¥, o In0f(t) + (1 — Aw) )In9{ (1)] that satisfies
dynamic factor process to reflect technology diffusion among economies, but also depends
on the difference between the logarithmic deviation of the contemporaneous public physical
capital stock InK€ (t) and the logarithmic deviation of the contemporaneous total labor force
InN; (t), which reflects that the increase of per capita public physical capital stock can
improve labor productivity, through ways such as infrastructure construction and public
expenditure for R & D:

InA;(6) = pAAA EN, w0l In9A(®) + (1 — Mot ®] + (1 - ¢*) (InRE (©) — InN; (1))
(Appendix.D.12)

The equation (Appendix.G.1) from the original model shows the logarithmic deviation of the
total exports of the i-th economy InX;(t) depends on the export weighted average of the
logarithmic deviation of the contemporaneous total imports of any specific economy

Z,N=1 u)ffjlnl\A/Ij (t), and is also influenced by the logarithmic deviation of the contemporaneous

export demand shock of the i-th economy In9%(t), according to export demand relationship:

In%;(®) = TN, o (1n1\71,- (t) — 1no§<(t))
(Appendix.G.1)

The equation (Appendix.G.2) from the original model shows the logarithmic deviation of the
total imports of the i-th economy InM;(t) depends on the logarithmic deviation of the
contemporaneous total domestic demand of the i-th economy InD;(t), as well as the
logarithmic deviation of the contemporaneous external terms of trade of the i-th economy
InTM(t), and is also influenced by the logarithmic deviation of the contemporaneous import
demand shock of the i-th economy In9M(t), according to import demand relationship:
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InM;(t) = (InD;(t) — oM (1)) — YMInTM(t)
(Appendix.G.2)

The equation (Appendix.G.6) from the original model shows the logarithmic deviation of the
export price inflation of the i-th economy #X(t) not only depends on a linear combination of
its past and expected future values, driven by the difference between the logarithmic
deviation of the contemporaneous core price level (for all those internationally
heterogeneous goods or services) of the i-th economy InP,(t) and the logarithmic deviation of
the contemporaneous price of exports of the i-th economy InPX(t), the difference between
the logarithmic deviation of the contemporaneous domestic currency denominated price of

internationally homogeneous energy commodities of the i-th economy (lnﬁi_l(t) + 1n§eY(t))

and the logarithmic deviation of the contemporaneous price of exports of the i-th economy
InPX(t), and the difference between the logarithmic deviation of the contemporaneous
domestic currency denominated price of internationally homogeneous nonenergy

commodities of the i-th economy (lnﬁi,l(t) + InPY, (t)) and the logarithmic deviation of the

contemporaneous price of exports of the i-th economy InPX(t), but also depends on the
contemporaneous, past and expected future values of the linear deviation of the core
inflation (for all those internationally heterogeneous goods or services) of the i-th economy
i;(t), the contemporaneous, past and expected future values of the logarithmic deviation of
the domestic currency denominated price of internationally homogeneous energy

commodities of the i-th economy (lnEi,l(t) + InPY (t)), and the contemporaneous, past and

expected future values of the logarithmic deviation of the domestic currency denominated
price of internationally homogeneous nonenergy commodities of the i-th economy

(lnﬁi_l(t) + lnE‘{e(t)), and is also influenced by the logarithmic deviation of the

contemporaneous export price markup shock of the i-th economy Ind¥(t), according to
export price Phillips curve:

Xy - YA ox p X (-0N-0%B) (1 Xie _
7O = Thrans 1 €~ D+ ppsaos Bl D+ Ieiiats (-3
X,

XX—) (InP,(®) - InPX (1)) + = [(mﬁi,l(t) +InPY (1) - InPX(0)) + 1n9§<(t)] + XX— [(mﬁi,l(t) +

35 5) 3 Xie Xine\ [~ X(1-pX =
InBY,(0) = InBX()) + X O} + (1 - e - o) [y ) - LLAD e - 1) -

B -~ WYXA+B)  (Xie [(1n8 Y\ — L (1nE. (t —
e B+ D]+ s (2 [ (nBia (0 + B (©) - 15 (InBiat - D +

InPY (t — 1)) — ?ﬁﬁ E; (lnﬁi,l(t +1) + InPY(t+ 1))] + X;(—‘:e [(lnﬁi,l(t) + InPY, (t)) —

:IB (lnﬁm(t — 1) + InPy,(t — 1)) — % E, (lnEi,l(t +1) + InPX (t + 1))]}
(Appendix.G.6)

Compared with the corresponding equation characterizing the formation mechanism of the
import price inflation without considering tariff in the original model, the correspondingly
modified equation (Appendix.G.8) shows the logarithmic deviation of the pre-tariff import
price inflation of the i-th economy ﬁf’['T (t) not only depends on a linear combination of its
past and expected future values, driven by the difference between the import weighted
average of the logarithmic deviation of the contemporaneous domestic currency
denominated price of exports of any specific economy ¥i; wi; (lnﬁi,j )+ ln?jx(t)) and the
logarithmic deviation of the contemporaneous pre-tariff price of imports of the i-th economy
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ln’P\lM'T (1), but also depends on the contemporaneous, past and expected future values of the
logarithmic deviation of the domestic currency denominated price of internationally
homogeneous energy commodities of the i-th economy (lnﬁill(t) + lnﬁeY(t)), and the

contemporaneous, past and expected future values of the logarithmic deviation of the
domestic currency denominated price of internationally homogeneous nonenergy
commodities of the i-th economy (lnEi,l(t) + lnﬁ}{e(t)), and is also influenced by the
logarithmic deviation of the contemporaneous import price markup shock of the i-th economy
IndM (1), according to import price Phillips curve:

~MT oy _ YMa-pth AMT B AMT
RO = e R (- D+ s BT D +

_ M _ M —~ ~
Cali0lCni ) 2N, wlf (mEi_j(t)+1n1>jX(t)—1npiMT(t))+1nsiM(t)] +

oM(1+pyM(1-pM))

YYM@A+B)  (Mie & BY _ 1 i _ PY(t _ __B E
m {Tl [(lnEi’l(t) + lnPe (t)) — (lnEi 1(t 1) + lnP (t 1)) :B Et (lnEi'l(t +

1) + InPYX(t + 1))] T [(mﬁi L) + InP, e(t)) (lnEl ((t= 1) +InPY(t— 1)) -
1EBEt (InB;y (t+ 1) + ln P+ 1)]}
(Appendix.G.8)

The equation (Appendix.J.8) from the original model shows the logarithmic deviation of the
public investment InG! (t) depends on a weighted average of its past and desired values, and
is also influenced by the linear deviation of the contemporaneous public investment shock

0?1 (t), while the logarithmic deviation of the desired public investment equals to the

logarithmic deviation of the contemporaneous potential output ln?i (t), according to fiscal
expenditure rule:

InG! () = pgInGl(t — 1) + (1 — pe)InYi(®) + 98 (v)
(Appendix.J.8)

The equation (Appendix.K.10) from the original model defines the logarithmic deviation of
the weighted average of domestic and foreign equity risk premium for the i-th economy (the
price of corporate equity V3 (t) is adjusted by this equity risk premium) Ino5 (t) as the capital
market capitalization weighted average of the logarithmic deviation of the contemporaneous
equity risk premium shock of any specific economy except the i-th economy

(Z]N:l w9} (1) — fInd S(t)) adds the logarithmic deviation of the contemporaneous equity

risk premium shock of the i-th economy In9$ (t):

o7 (1) = A3 B, ofnd (0 + (1 — A of)Indf (1)
(Appendix.K.10)

Here A} represents the i-th economy's capital market contagion level.

The equation (Appendix.L.8) from the original model shows the logarithmic deviation of the
output price markup shock IndY (t) (which directly influences the core price level) follows

normally distributed white noise process, and & (t)~iid N(0, Oov):
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Iy (®) = & (©)
(Appendix.L.8)

The equation (Appendix.L.16) from the original model shows the logarithmic deviation of the
equity risk premium shock In9$ (t) (which directly influences the price of corporate equity)
follows stationary first order autoregressive process, with normally distributed innovations

&)’ () ~iid N(0, o%):

IS (t) = p,sInd$(t — 1) + £/ (t)
(Appendix.L.16)

The equation (Appendix.L.21) from the original model shows the linear deviation of the

corporate loan default shock ch (t) (which directly influences both the domestic corporate
loan default rate for the domestic currency denominated final corporate loans issued by
global final banks of the i-th economy to firms of the i-th economy, and the weighted average
of domestic and foreign corporate loan default rate for the economy specific local currency
denominated final corporate loans provided by domestic final banks of the i-th economy to
both domestic and foreign global final banks) follows normally distributed white noise

8,C ..
process, and &) () ~iid N(0, 025):

o0 =&V
(Appendix.L.21)

The following six equations defining some whole-economy-level exogenous shocks come
from the original model, and they are used to fill in the blanks of those corresponding whole-
economy-level exogenous shocks after those previously introduced equations defining
industry-level exogenous shocks are removed for the purpose of model simplification.

The equation (Appendix.L.1) from the original model shows the logarithmic deviation of the
labor productivity shock In94(t) (which directly influences the labor productivity and the trend
labor productivity) follows stationary first order autoregressive process, with normally

distributed innovations s}’A (t)~iid N(0, oﬁA):

IO (t) = palnd®(t— 1) + & (0)
(Appendix.L.1)

The equation (Appendix.L.6) from the original model shows the logarithmic deviation of the
export demand shock Inv¥(t) (which directly influences the total exports) follows stationary

first order autoregressive process, with normally distributed innovations s}’X (t)~iid N(O, o‘z)x):

9% (6) = p xInd¥(t— 1) + & ()
(Appendix.L.6)

The equation (Appendix.L.7) from the original model shows the logarithmic deviation of the
import demand shock In9M(t) (which directly influences the total imports) follows stationary

first order autoregressive process, with normally distributed innovations s}’M (t)~iid N(O0, c‘Z)M):
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oM (t) = pmIndM(t— 1) + & (v)
(Appendix.L.7)

The equation (Appendix.L.10) from the original model shows the logarithmic deviation of the
export price markup shock Ind9(t) (which directly influences the price of exports) follows

normally distributed white noise process, and &¥* (t)~iid N(0, 0ox):

Ind¥(®) = £ (1)
(Appendix.L.10)

The equation (Appendix.L.11) from the original model shows the logarithmic deviation of the
import price markup shock In9M(t) (which directly influences the pre-tariff price of imports)

follows normally distributed white noise process, and s?M (t)~iid N(O, ch):

mdM(® = & (v)
(Appendix.L.11)

The equation (Appendix.L.24) from the original model shows the linear deviation of the

public investment shock OiGI (t) (which directly influences the public investment) follows
stationary first order autoregressive process, with normally distributed innovations

&' (©)~iid N(0, 6%):

~G! ~C! G,
viG () = pvc,viG t-D+¢ (®
(Appendix.L.24)
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Appendix I. Model Coverage
A. List of Industries

(1) { Agriculture, hunting, forestry };
(2 { Fishing and aquaculture };
3 { Mining and quarrying, energy producing products };
4) { Mining and quarrying, non-energy producing products };
(5) { Mining support service activities };
(6) { Food products, beverages and tobacco };
) { Textiles, textile products, leather and footwear };
(8) { Wood and products of wood and cork };
9) { Paper products and printing };
(10) { Coke and refined petroleum products };
(11) {Chemical and chemical products };
(12) { Pharmaceuticals, medicinal chemical and botanical products };
(13) { Rubber and plastics products };
(14) { Other non-metallic mineral products };
(15) {Basic metals };
(16) { Fabricated metal products };
(17) { Computer, electronic and optical equipment };
(18) { Electrical equipment };
(19) { Machinery and equipment, nec };
(20)  { Motor vehicles, trailers and semi-trailers };
(21) { Other transport equipment };
(22) { Manufacturing nec; repair and installation of machinery and equipment };
(23) { Electricity, gas, steam and air conditioning supply };
(24) { Water supply; sewerage, waste management and remediation activities };

(25) { Construction };



(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)

(45)
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{ Wholesale and retail trade; repair of motor vehicles };

{ Land transport and transport via pipelines };

{ Water transport };

{ Air transport };

{ Warehousing and support activities for transportation };
{ Postal and courier activities };

{ Accommodation and food service activities };

{ Publishing, audiovisual and broadcasting activities };

{ Telecommunications };

{IT and other information services },

{ Financial and insurance activities },

{ Real estate activities },

{ Professional, scientific and technical activities };

{ Administrative and support services };

{ Public administration and defence; compulsory social security };
{ Education },

{ Human health and social work activities };

{ Arts, entertainment and recreation };

{ Other service activities };

{ Activities of households as employers; undifferentiated goods- and services-
producing activities of households for own use }.

B. List of Economies

ASEAN+3 economies (Brunei, Cambodia, China, Hong Kong SAR that belongs to
China, Indonesia, Japan, Korea, Laos, Malaysia, Myanmar, Philippines, Singapore,
Thailand, Vietnam);

United States (since the quotation currency for transactions in the foreign exchange
market is issued by the United States, this is the only reason why the United States is
always positioned as the 1st economy in this model);

Euro Area as a whole economy or major Euro Area countries (Austria, Belgium,
Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Portugal, Spain);
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Other important developed countries (Australia, Canada, Czech Republic, Denmark,
Israel, New Zealand, Norway, Sweden, Switzerland, United Kingdom);

Other four BRICS countries (Brazil, India, Russian Federation, South Africa);

Other important emerging market countries (Argentina, Chile, Colombia, Mexico,
Poland, Saudi Arabia, Turkey).
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Appendix II: Whole Economy or International Market Equations

In this part of the appendix, we introduce all whole-economy-level or international-market-
level equations, corresponding to the characterization of the whole economy that do not
distinguish between industries or around the characterization of the international markets, all
of which constitute the complete AGMFM, together with all those innovatively constructed
industry-level equations introduced in the previous Section IV.

For the meaning of the linear deviation or the logarithmic deviation of variables in the
following equations, please refer to the specific explanation at the beginning of Section IV.

A. Household Sector

Equation (Appendix.A.1) defines the linear deviation of the consumption price inflation ﬁic (v,
which is equal to the difference between the contemporaneous and past values of the
logarithmic deviation of the consumption price level InPC(t):

®E(t) = InPE(t) — InPE(t — 1)
(Appendix.A.1)

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.A.2) defines the domestic comprehensive consumption price level as the
aggregated consumer prices at the industry level. Specifically, this equation shows the
logarithmic deviation of the domestic comprehensive consumption price level InPC(t)
depends on the industry-level domestic private and public demand (refer to the i-th
economy’s private consumption, private investment and public purchase of final goods or
services from the k-th industry of all economies including the i-th economy) weighted
average of the logarithmic deviation of the contemporaneous consumption price level in the
i-th economy for the final goods or services from the domestic and foreign k-th industry

o Contribution_Ci,klnE,Ck(t), according to the modified consumption price relationship:

InPE(t) = X¢2, Contribution_C;InP§ (t)
(Appendix.A.2)

Here Contribution_C;y represents the proportion of the i-th economy’s private consumption,
private investment and public purchase of final goods or services from the k-th industry of all
economies including the i-th economy to the i-th economy’s private consumption, private
investment and public purchase of final goods or services from all industries of all economies
including the i-th economy.

Equation (Appendix.A.3) shows the logarithmic deviation of the total consumption by all
three kinds of households (bank intermediated households, capital market intermediated
households, and credit constrained households) InC;(t) not only depends on a weighted
average of its past and expected future values, driven by the household type proportion
weighted average of the linear deviation of the expected future real property return (property
balances of bank intermediated households are distributed across the values of bank

deposits and domestic real estate portfolio) E; (i{*B'H (t+1) —"E(t + 1)) and the linear

deviation of the expected future real portfolio return (portfolio balances of capital market
intermediated households are allocated across the values of internationally diversified short
term bonds, internationally diversified and vintage diversified long term bonds, and
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internationally diversified and industry diversified and firm diversified stocks)
E; (1 (AAAH(t +1) —w/S(t+ 1)), but also depends on the contemporaneous, past and expected

future values of the logarithmic deviation of the credit constrained consumption ln(AJiC (Hto
reflect the existence of the specific consumption by credit constrained households, and is
also influenced by the logarithmic deviation of the contemporaneous and expected future
consumption demand shocks Inv€(t) and E.nv¢(t + 1), according to consumption demand
relationship:

InGi(t) = ——InC;(t — 1) + —— EeInGi(t + 1) — (1 — ¢¢)o g [1¢¢C (AAB“(t +1)—
AC(t + 1)) + (1 - :)C) (“AAH(t + 1) RC(t+ 1)) — (96 — 9 (¢ + 1))] + ¢ [nCE D) ~
‘ 1) — —L EdnCE (e + 1]

(Appendix.A.3)

Compared with the corresponding equation in the original model, the parameters before the
logarithmic deviation of the terms of trade (which measures the relative price of exports to
imports) InT;(t) in the innovatively adjusted equation (Appendix.A.4) characterizing the
consumption by credit constrained households have been changed, in order to make the
consumption level characterization more accurate for those small and highly open
economies we add to the model, whose total export value or total import value can be as
large as or even larger than their GDP, which lead to the impact of their export or import
price level on the consumption level much higher than that of other economies. Specifically,
the innovatively adjusted equation (Appendix.A.4) shows the logarithmic deviation of the
consumption by credit constrained households InCF (t) depends on the logarithmic deviation
of the contemporaneous total output InY;(t), depends on the total exports and total imports
weighted average of the logarithmic deviation of the contemporaneous global terms of trade
shifter (which is adopted for international trade adjustment to ensure multilateral consistency
in nominal trade flows) IndT (t), the logarithmic deviation of the contemporaneous price of
exports of the i-th economy InPX(t), and the logarithmic deviation of the contemporaneous
post-tariff price of imports of the i-th economy InPM(t), while for small and highly open
economies, this part is replaced by the logarithmic deviation of the contemporaneous terms
of trade of the i-th economy InT; (t) multiplied by a threshold value (to reflect such small and
highly open economies are usually good at balancing their imports and exports and
maintaining a stable structure between imports, exports, domestic demand and domestic
production), and also depends on the tax base weighted average of the linear deviation of
the contemporaneous corporate income tax rate $X(t) and the linear deviation of the
contemporaneous labor income tax rate fiL(t), as well as the linear deviation of the ratio of
contemporaneous nondiscretionary and discretionary lump sum transfer payments by the

T (D)

fiscal authority to contemporaneous nominal output o'

according to the adjusted credit

constrained consumption demand relationship:

lnéf(t)=ln7i(t)+<wl 07(®) +  InPX (O - ‘lnPM(t>> = [(1‘

Witi) 2K W1L1 AL i Tc(t)
PYY ) (t) + vy, PYY (t)] + ¢C PY(t)Yl(t)

(Appendlx.A.4)
or
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InCE(t) = In%;(t) + (threshold value)InT} (t) - — [( - %) (O + 9t O +
L "f‘f: ® i i
$C PY (DYi(t)
(Appendix.A.4)
Here,

0.5*%X;+0.5xM;

the adjusted parameter represents the proportion of the domestic currency

denominated average value of the i-th economy’s total exports and imports to the domestic
currency denominated nominal GDP of the i-th economy;

the adjusted parameteré represents the proportion of the domestic currency denominated
value of the i-th economy’s total exports to the domestic currency denominated nominal

GDP of the i-th economy;
the adjusted parameter % represents the proportion of the domestic currency denominated

value of the i-th economy’s total imports to the domestic currency denominated nominal
GDP of the i-th economy.

Equation (Appendix.A.5) shows the linear deviation of the nominal property return (property

balances of bank intermediated households are distributed across the values of bank

deposits and domestic real estate portfolio) T{‘B'H (t) depends on the linear deviation of the

past nominal interbank loans rate i (t — 1), and is also influenced by the logarithmic
deviation of the past housing risk premium shock In9! (t — 1), according to property return

function:

A" () = 1B(t — 1) + pHInoH (t — 1)
(Appendix.A.5)

Compared with the corresponding equation in the original model, the timeline of this
equation has been pushed back for one period (period t+1 is adjusted to period t, period t is
adjusted to period t-1, etc), while the structure of this equation and the values of its
parameters have not been changed.

Equation (Appendix.A.6) shows the linear deviation of the nominal portfolio return (portfolio
balances of capital market intermediated households are allocated across the values of
internationally diversified short term bonds, internationally diversified and vintage diversified
long term bonds, and internationally diversified and industry diversified and firm diversified
stocks) i‘i"A'H (t) depends on the linear deviation of the past nominal short term bond yield
i¥(t— 1), and is also influenced by both the long term bond investment weighted average of
the logarithmic deviation of the past weighted average of domestic and foreign duration risk
premium for any specific economy ¥, fIn0? (t — 1) and the equity investment weighted
average of the logarithmic deviation of the past weighted average of domestic and foreign
equity risk premium for any specific economy Z,N:1 mfjlnﬁjs (t— 1) to reflect the existence of a

portfolio balance mechanism, according to portfolio return function:

AAH N A~ ~
M) =13t —1) + ph Z]Nﬂ u)f]-an]B (t—1) + ¢4 Z]N=1 wfjlnvjs(t -1)
(Appendix.A.6)
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The timeline of this equation has been pushed back for one period compared with the
corresponding equation in the original model, while the structure of this equation and the
values of its parameters have no adjustment.

B. Labor Supply Sector

Equation (Appendix.B.1) defines the linear deviation of the nominal wage inflation &}V (t),
which equals to the difference between the contemporaneous and past values of the
logarithmic deviation of the nominal wage InW; (t):

AV (t) = InW; (1) — InW; (t — 1)
(Appendix.B.1)

Equation (Appendix.B.2) shows the logarithmic deviation of the real effective wage
<ln\TVi(t) —InPE(t) — lnﬁi(t)) not only depends on a weighted average of its past and

expected future values, driven by the linear deviation of the contemporaneous and past
unemployment rates @-(t) and aF(t — 1), but also depends on both the contemporaneous,
past and expected future values of the linear deviation of the consumption price inflation
&L (t) and the contemporaneous, past and expected future values of the intertemporal
change in the logarithmic deviation of the trend labor productivity Alnﬁi (t), and is also

influenced by the logarithmic deviation of the contemporaneous wage markup shock In9(t),
according to wage Phillips curve:

InW;(©) — InPE(O) — Ink(0) = (1nw (t— 1) — InPE(t — 1) — InA; (t — 1)) +
Lobe (W e+ 1) - BS(e+ 1) - lnA-(t + 1)) - (el Bt (ako -

L(1+B)
oak(t— 1)) - Ind(H)] - “YBB [(Ac(t) + AlnA; (t)) (ﬁf(t ~ 1) + AlnA;(t - 1)) -

1+BLB E. (7 (Ac(t +1) + AlnA, (t + 1))]

(Appendix.B.2)

Equation (Appendix.B.3) defines the linear deviation of the unemployment rate @k (t), which
equals to the difference between the logarithmic deviation of the contemporaneous total
labor force InN;(t) and the logarithmic deviation of the contemporaneous employed labor
force InL; (t):

al(t) = InN;(t) — InL; (v
(Appendix.B.3)

Equation (Appendix.B.4) shows the linear deviation of the unemployment rate GF(t) depends
on its past value, driven by both the logarithmic deviation of the contemporaneous employed
labor force InL;(t) and the logarithmic deviation of the contemporaneous real effective wage

<1n\7vi(t) —InPE(t) — lnﬁi(t)), and is also influenced by the logarithmic deviation of the

contemporaneous labor supply shock In9N(t), according to labor supply relationship:

ab(® = otk - 1) — (1 - a¥) [t (inf,(© ~ 9N (®)) - (mwi (t) — InPE(t) — InA,; (t))]
(Appendix.B.4)
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C. Construction Sector

Equation (Appendix.C.1) shows the logarithmic deviation of the residential investment Inff (t)
depends on a weighted average of its past and expected future values, driven by the
logarithmic deviation of the contemporaneous relative shadow price of housing

(aniH(t) — InP¢ (t)), and is also influenced by the logarithmic deviation of the

contemporaneous residential investment demand shock 1n0§H (t), according to residential
investment demand relationship:

1

i (091 (© +1InQH(® — InRE(V)

Inff(t) = Flﬁlnii‘* (t—1) + ?ﬁﬁ EJdnfH(t+ 1) +

(Appendix.C.1)

Equation (Appendix.C.2) shows the logarithmic deviation of the relative shadow price of
housing (aniH (t) — lnﬁC (t)) not only depends on its expected future value, as well as the

linear deviation of the expected future real property return E; (iiAB'H (t+1) —R"E(t+ 1)) and
the linear deviation of the expected future domestic real mortgage loan rate E; (1f’l ® -
RE(t+ 1)), but also depends on the logarithmic deviation of the expected future real rental

price of housing E; (lntiH t+1) - ln'P}C (t+ 1)) and the linear deviation of the

contemporaneous regulatory mortgage loan to value ratio limit P (t) to reflect the existence
of a financial accelerator mechanism, according to residential investment Euler equation:

QY (1) — InPE(Y) = Eq {3(1 — &) (InQi(t + 1) = InPE(t + 1)) — [(1 — ¢P) (T{‘B'H (t+1)—

AC(t + 1)) + PP ¢ 1+xR(1-p(1-xC8)) (ﬁv[(t) —#®C(t+ 1))] + [(1 —p(1- 5H)) +

6C-1 B

(I)DB <92i1 1+KR(1—E(1—XC8)) _ %>:| (lntfi (t + 1) _ ln’lﬁlC(t + 1))} + $P(t)
(Appendix.C.2)

Equation (Appendix.C.3) shows the logarithmic deviation of the real rental price of housing
(lntiH(t) — lnFiC (t)) depends on the difference between the logarithmic deviation of the

contemporaneous total consumption by all three kinds of households InC;(t) and the

logarithmic deviation of the contemporaneous housing stock InH;(t), according to rental
price of housing relationship:

Inif? (6) — InPE(t) = 3 (InC; (©) — InF;(v))

¢
(Appendix.C.3)

Equation (Appendix.C.4) shows the logarithmic deviation of the past residential investment
InfH(t — 1) is accumulated to form the logarithmic deviation of the contemporaneous housing
stock InH;(t), according to the perpetual inventory method. The logarithmic deviation of the
contemporaneous housing stock InH;(t) is also influenced by the logarithmic deviation of the

past residential investment demand shock an}H (t—1):
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Inf;(®) = (1 — 6")InH;(t— 1) + 6" (1no§“ (t—1) +Inffi(t— 1))
(Appendix.C.4)

Compared with the corresponding equation in the original model, only the timeline of this
eqguation has been pushed back for one period.

Equation (Appendix.C.5) shows the logarithmic deviation of the price of housing InVH(t) not
only depends on its expected future value, driven by the logarithmic deviation of the
expected future real estate developer profits EJnII!(t + 1), but also depends on the linear
deviation of the contemporaneous nominal interbank loans rate TF (t), and is also influenced
by the logarithmic deviation of the contemporaneous housing risk premium shock Inv!(t),

according to housing market relationship:

InVH(t) = BEITH(t + 1) + (1 — BEMF e+ 1) — (1P + ol (1))
(Appendix.C.5)

Equation (Appendix.C.6) shows the logarithmic deviation of the real estate developer profits
Infif1(t) depends on the logarithmic deviation of the contemporaneous rental price of
housing Intf!(t) and the logarithmic deviation of the contemporaneous housing stock InH; (t),
according to developer profit function:

InfIf (t) = Intf (t) + InH; (1)
(Appendix.C.6)

D. Production Sector

Equation (Appendix.D.1) defines the linear deviation of the output price inflation Y (t), which
equals to the difference between the contemporaneous and past values of the logarithmic
deviation of the output price level InPY (t):

Y () = InBY(t) — InBY (t - 1)
(Appendix.D.1)

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.D.2) defines the domestic comprehensive output price level as the
aggregated output prices at the industry level. Specifically, this equation shows the
logarithmic deviation of the domestic comprehensive output price level InPY (t) depends on
the domestic industrial output weighted average of the logarithmic deviation of the
contemporaneous domestic currency denominated output price level for the output of the k-
th industry of the i-th economy ¥, Contribution_Y; InPY (t), according to the adjusted
output price relationship:

InPY (1) = 32, Contribution_Y;  InPY (t)
(Appendix.D.2)

Here Contribution_Y; x represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.
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Compared with the corresponding equation showing the production function of national total
output in the original model, the following modified equation (Appendix.D.3) replaces the
input factors for the national production function from capital and labor with goods or
services produced by all 45 domestic industries, in order to be consistent with the
innovatively added equations characterizing industries under the whole economy and their
inter-country cross-industry input-output relations in the model.

Specifically, the correspondingly modified equation (Appendix.D.3) shows the logarithmic
deviation of the total output of the i-th economy InY;(t) depends on the industry-level output
weighted average of the logarithmic deviation of the contemporaneous total output of the k-

th industry of the i-th economy Y.£2, Contribution_Y; ; InY;  (t), according to the adjusted total
production function:

InY;(t) = Y52, Contribution_Y; | InY;  (t)
(Appendix.D.3)

Here Contribution_Y; x represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.

Compared with the above equation defining the national real output, the following modified
equation (Appendix.D.4) has a similar structure to the above modified equation
(Appendix.D.3), their only difference is that equation (Appendix.D.4) uses the logarithmic
deviation of the potential output of the k-th industry of the i-th economy (the inferred industry-
level total output given full utilization of private physical capital, effective labor and potential-
output-level intermediate inputs from all domestic and foreign industries) lni_k(t) instead of
the logarithmic deviation of the real output of the k-th industry of the i-th economy InY;  (t), to
define the logarithmic deviation of the potential output of the i-th economy (the inferred total
output given full utilization of private physical capital, effective labor and potential-output-

level intermediate inputs from all domestic and foreign industries) ln?i(t):

lni (t) = Zﬁil Contribution_Yi,klnik(t)
(Appendix.D.4)

Since we want to further incorporate the structure of FDI and ODI into this model, compared
with the corresponding equation characterizing the logarithmic deviation of the business
investment InfX(t) in the original model, the following innovatively adjusted equation
(Appendix.D.5) replaces all the logarithmic deviation of the business investment IniX(t) in
the original equation with the logarithmic deviation of the domestic and foreign business
investment lnTiK'in(t) for the production sector of the i-th economy. The innovatively modified
eqguation shows the logarithmic deviation of the domestic and foreign business investment
lnTiK'i“(t) depends on a weighted average of its past and expected future values, driven by
the logarithmic deviation of the contemporaneous relative shadow price of private physical

capital (an{‘(t) — lnﬁc (t)), and is also influenced by the logarithmic deviation of the

contemporaneous business investment demand shock lnﬁ}K(t), according to the adjusted
business investment demand relationship:
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“Ki 1, +Kj “Ki 1 K ~ -
T () = S Il (e = 1)+ £ Bl 4+ 1) + e (10l + QK () - RS
(Appendix.D.5)

Compared with the corresponding equation characterizing the accumulation of business
investment InfX(t) in the original model, the following innovatively modified equation
(Appendix.D.6) replaces the logarithmic deviation of the business investment IniX(t) in the
original equation with the logarithmic deviation of the domestic and foreign business
investment lnTiK'in (t) for the production sector of the i-th economy. This innovatively adjusted
eqguation shows the logarithmic deviation of the past domestic and foreign business
investment lnTiK'i“(t — 1) for the production sector of the i-th economy is accumulated to form

the logarithmic deviation of the contemporaneous private physical capital stock InK;(t),
according to the perpetual inventory method, while the logarithmic deviation of the
contemporaneous private physical capital stock InK;(t) is also influenced by the logarithmic

deviation of the past business investment demand shock 1n0§K (t—1):

InR;(®) = (1 — 85)Ink; (t — 1) + & (mo}“(t — 1) + Inf®in e — 1))
(Appendix.D.6)
The timeline of this equation has been pushed back for one period compared with the

corresponding equation in the original model, while the structure of this equation and the
values of its parameters have not been changed.

Equation (Appendix.D.7) shows the logarithmic deviation of the relative shadow price of
private physical capital (an{‘(t) —InP¢ (t)) not only depends on its expected future value, as

well as the linear deviation of the expected future real portfolio return E; (T{*A'H (t+1) -

(L + 1)) and the linear deviation of the expected future real effective corporate loan rate

E; (iiC'E(t +1) —R/E(t+ 1)), but also depends on the logarithmic deviation of the expected

future capital utilization rate E/niX(t + 1), the logarithmic deviation of the expected future

corporate income tax rate E.#X(t + 1) and the linear deviation of the contemporaneous

regulatory corporate loan to value ratio limit ¢ (t) to reflect the existence of a financial
accelerator mechanism, according to business investment Euler equation:

InQX(t) — InPC(t) = E; {3(1 - &%) (1nQ{<(t +1) —InPC(t + 1)) - [(1 - ¢F) (i{*‘*'“ (t+1) —

¢ 1+xR(1-p(1-x%8))

i (t + 1)> + "B : (iiC'E(t+ 1) —&/E(t+ 1))] + [(1 -B(1- SK)) +

(bFB <e(9:i1 1+KR(1—E(1—XC8)) . %):l <nK]nﬁ}((t + 1) - i%{((t + 1))} + a\)F(t)
(Appendix.D.7)

Equation (Appendix.D.8) shows the logarithmic deviation of the capital utilization rate InGX(t)
depends on the logarithmic deviation of the contemporaneous real wage (ln\TVi(t) - lnﬁc(t)),
as well as the difference between the logarithmic deviation of the contemporaneous private



114

physical capital stock InK;(t) and the logarithmic deviation of the contemporaneous
employed labor force InL;(t), according to capital utilization relationship:
~K 1
InG;* (t) = TR
(Appendix.D.8)

[(In®:(6) - InBE®) — (InR; (©) — nf; ()]

Equation (Appendix.D.9) shows the logarithmic deviation of the price of corporate equity
InVS3(t) not only depends on its expected future value, driven by the logarithmic deviation of
the expected future corporate profits E/InlI3 (t + 1), but also depends on the linear deviation

of the contemporaneous nominal short term bond yield if’(t), and is also influenced by the
logarithmic deviation of the contemporaneous weighted average of domestic and foreign
equity risk premium for the i-th economy In®{ (t), according to equity market relationship:

InVS(t) = BEInTS (t + 1) + (1 — BEMMASt + 1) — (1) + o (1) )
(Appendix.D.9)

Equation (Appendix.D.10) shows the logarithmic deviation of the corporate profits Infi3 (t) not
only depends on the logarithmic deviation of the contemporaneous output price level InPY (t)
and the logarithmic deviation of the contemporaneous total output InY;(t), but also depends
on the linear deviation of the contemporaneous corporate income tax rate tX(t), according to
corporate profit function:

I3 () = (InPY(®) + n%i(®)) -~ (1 - %) NG
(Appendix.D.10)

Equation (Appendix.D.11) defines the logarithmic deviation of the output gap ln?i(t), which
equals to the difference between the logarithmic deviation of the contemporaneous total
output InY;(t) and the logarithmic deviation of the contemporaneous potential output (the
inferred total output given full utilization of private physical capital, effective labor and

potential-output-level intermediate inputs from all domestic and foreign industries) lnﬁc(i(t):

InY;(t) = In%;(t) — InY;(©)
(Appendix.D.11)

Compared with the corresponding equation in the original model, the innovatively adjusted
equation (Appendix.D.12) defines the domestic comprehensive labor productivity as the
aggregated labor productivity at the industry level. Specifically, this equation shows the
logarithmic deviation of the domestic comprehensive labor productivity InA;(t) depends on
the domestic industrial output weighted average of the logarithmic deviation of the
contemporaneous labor productivity for the k-th industry of the i-th economy

Y.t2, Contribution_Y; yInA;  (0):

InA;(t) = Y2, Contribution_Y; InA; ; (t)
(Appendix.D.12)

Here Contribution_Y; x represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.
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Equation (Appendix.D.13) shows the logarithmic deviation of the trend labor productivity

(which exhibits partial adjustment dynamics of labor productivity) lnﬁi(t) depends on its past
value, driven by the logarithmic deviation of the contemporaneous labor productivity InA; (t):

InA; (t) = pAlnA;(t— 1) + (1 — p™)InA; (1)
(Appendix.D.13)

Equation (Appendix.D.14) defines the intertemporal change in the logarithmic deviation of
the trend labor productivity AlnA;(t), which equals to the difference between the
contemporaneous and past values of the logarithmic deviation of the trend labor productivity

InA, (t):

AlnA;(t) = InA;(t) — InA; (t — 1)
(Appendix.D.14)

E. Banking Sector

Equation (Appendix.E.1) shows the logarithmic deviation of the bank credit stock (also called
the aggregate bank assets) InB® (t) depends on a weighted average of the logarithmic
deviation of the contemporaneous bank money stock (also called the aggregate bank
funding) InM? (t) and the logarithmic deviation of the contemporaneous aggregate bank
capital InKE(t), according to bank balance sheet identity:

ln’B\iC’B ® = (1 - KR)lanIiS () +xRInKE(v)
(Appendix.E.1)

Compared with the corresponding equation in the original model, only the timeline of this
eqguation has been pushed back for one period.

Equation (Appendix.E.2) shows the logarithmic deviation of the bank credit stock (also called
the aggregate bank assets) lnﬁic'B (t) not only depends on the logarithmic deviation of the
contemporaneous total mortgage loans issued to domestic real estate developers ln'BiC'D ®,
but also depends on the nonfinancial corporate lending weighted average of the logarithmic

deviation of the past domestic currency denominated contemporaneous total final corporate
loans issued by global final banks of any specific economy to firms of that specific economy

TR, wf (lnﬁjc'F(t) —InEj; (t— 1)), according to bank credit demand function:

IBEP () = wfmBEP (1) + (1 - f) I, wf (InBEF (1) — Inkj;(t — 1))
(Appendix.E.2)

Only the timeline of this equation has been pushed back for one period, compared with the
corresponding equation in the original model.

Equation (Appendix.E.3) shows the logarithmic deviation of the total mortgage loans issued
to domestic real estate developers InBX" (t) not only depends on the logarithmic deviation of
the past consumption price level InPC(t — 1) and the logarithmic deviation of the
contemporaneous housing stock InH;(t), but also depends on the linear deviation of the past
regulatory mortgage loan to value ratio limit ¢P (t — 1):
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BEP (t) = InPC(t — 1) + Inf; (t) + ¢iD PP(t—1)
(Appendix.E.3)

The timeline rather than the structure or the parameter values of this equation has been
changed, and its timeline has been pushed back for one period, compared with the
corresponding equation in the original model.

Equation (Appendix.E.4) shows the logarithmic deviation of the domestic currency
denominated total final corporate loans issued by global final banks of the i-th economy to
firms of the i-th economy lnﬁiC'F(t) not only depends on the logarithmic deviation of the past
consumption price level InP¢(t — 1) and the logarithmic deviation of the contemporaneous
private physical capital stock InK;(t), but also depends on the linear deviation of the past
regulatory corporate loan to value ratio limit ¢f (t — 1):

BEF(t) = InPC(t — 1) + InK; () + %aﬁ (t—1)
(Appendix.E.4)

Only the timeline of this equation has been changed, and it has been pushed back for one
period compared with the corresponding equation in the original model.

Equation (Appendix.E.5) shows the linear deviation of the domestic nominal mortgage loan
rate 1M (t) not only depends on a weighted average of its past and expected future values,
driven by the difference between the linear deviation of the past nominal interbank loans rate
iB(t — 1) and the linear deviation of the contemporaneous domestic nominal mortgage loan

rate net of the linear deviation of the contemporaneous domestic mortgage loan default rate
(ﬁ‘" (t) — S?’[ (t)), but also depends on the difference between the linear deviation of the

contemporaneous bank capital ratio k;(t) and the linear deviation of the contemporaneous
regulatory bank capital ratio requirement &R (t), as well as the difference between the linear
deviation of the contemporaneous regulatory bank capital ratio requirement &R (t) and the
linear deviation of the past nominal interbank loans rate i (t — 1) that reflects the funding

cost for satisfying regulatory bank capital ratio requirement, and is also influenced by the

logarithmic deviation of the contemporaneous mortgage loan rate markup shock lrn‘A)iCD (v,
according to mortgage lending rate Phillips curve:

< 1, B (1-w0S-0°p) |1, . 2
MO = 75— D+ S EME+ D +ﬁ{[%— 1) - (M - 8Mw)| -

1-(1-x°8) ) [TIC (fq(t) _ A}R(t)) - (r{iR(t) — KRBt — 1))] +Ind¢” (t)}

1+KR(1—B(1—XC8)
(Appendix.E.5)

Equation (Appendix.E.6) shows the linear deviation of the weighted average of domestic and
foreign nominal corporate loan rate for the domestic currency denominated final corporate
loans issued by global final banks of the i-th economy to firms of the i-th economy if'E (t) not
only depends on the nonfinancial corporate borrowing weighted average of the linear
deviation of the past nominal corporate loan rate for economy specific local currency
denominated final corporate loans provided by domestic final banks of any specific economy

to both domestic and foreign global final banks i, wfji’(t — 1), but also depends on the

Lj
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nonfinancial corporate borrowing weighted average of the intertemporal change in the
logarithmic deviation of the nominal bilateral exchange rate of the currency issued by the i-th

economy to the currency issued by any specific economy Z,N:1 cof i (lnﬁi_j ) — lnEi,j (t— 1)),
according to effective corporate loan rate function:

I8 = 2N, of [ - 1) + (Infy (9 - nky(t - 1)]
(Appendix.E.6)

Equation (Appendix.E.7) shows the linear deviation of the domestic nominal corporate loan
rate for economy specific local currency denominated final corporate loans provided by
domestic final banks of the i-th economy to both domestic and foreign global final banks i€ (t)
not only depends on a weighted average of its past and expected future values, driven by
the difference between the linear deviation of the past nominal interbank loans rate 12 (t — 1)
and the linear deviation of the contemporaneous domestic nominal corporate loan rate net of
the linear deviation of the contemporaneous weighted average of domestic and foreign
corporate loan default rate for the economy specific local currency denominated final
corporate loans provided by domestic final banks of the i-th economy to both domestic and

foreign global final banks (fic(t) - SiC'E(t)), but also depends on the difference between the

linear deviation of the contemporaneous bank capital ratio &;(t) and the linear deviation of
the contemporaneous regulatory bank capital ratio requirement R (t), as well as the
difference between the linear deviation of the contemporaneous regulatory bank capital ratio
requirement kR (t) and the linear deviation of the past nominal interbank loans rate i (t — 1)
that reflects the funding cost for satisfying regulatory bank capital ratio requirement, and is

also influenced by the logarithmic deviation of the contemporaneous corporate loan rate
markup shock ln@iCF(t), according to corporate lending rate Phillips curve:

o 1., o 1-0%)(1-u¢ R o 2
160 = 55 iF (= D) + 5 Edf e+ 1) + %{[% -1~ (if© - §*0)] -

1-B(1-x°5) ) [n€ (R - /B ®) — (RR@®) — P - 1)) + 1n9iCF(t)}

14KR(1-B(1-XC5)
(Appendix.E.7)

Equation (Appendix.E.8) shows the logarithmic deviation of the bank retained earnings
IniB(t) depends on a weighted average of its past and expected future values, driven by the
logarithmic deviation of the contemporaneous shadow price of bank capital InQ2 (t),
according to retained earnings relationship:

IniB(t) = ﬁmi? (t— 1)+ EdniP(t+ 1) + 2 —InQP(®)

B XB(1+p)
(Appendix.E.8)

Equation (Appendix.E.9) shows the logarithmic deviation of the shadow price of bank capital
InQE(t) not only depends on its expected future value net of the linear deviation of the

expected future bank capital destruction rate E, (an‘i3 (t+1) -8Bt + 1)), as well as the

linear deviation of the contemporaneous nominal interbank loans rate i£(t), but also
depends on the difference between the linear deviation of the expected future bank capital
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ratio Ek;(t + 1) and the linear deviation of the expected future regulatory bank capital ratio
requirement E.&R(t + 1), according to retained earnings Euler equation:

QP () = E{B(1 —x%8) (IQP(t + 1) — 88t + 1)) - [ + (1~ B(1 —x%8)) e (RiCt +

1) -/Re+ D))}
(Appendix.E.9)

Equation (Appendix.E.10) shows the logarithmic deviation of the past bank retained earnings
IniB(t — 1) is accumulated based on the logarithmic deviation of the past aggregate bank

capital net of the linear deviation of the past bank capital destruction rate (an?(t -1) -

8B (t— 1)), to form the logarithmic deviation of the contemporaneous aggregate bank capital

InRB(t), according to the perpetual inventory method:

InRE(t) = (1 —x°8) (InRP(t — 1) — 8B(t — 1)) +xCniP(t — 1)
(Appendix.E.10)

Compared with the corresponding equation in the original model, the timeline of this
equation has been pushed back for one period, while the structure of this equation and the
values of its parameters have no adjustment.

Equation (Appendix.E.11) shows the linear deviation of the bank capital destruction rate

88 (t) depends on a weighted average of the linear deviation of the contemporaneous
domestic mortgage loan default rate §M(t) and the linear deviation of the contemporaneous
weighted average of domestic and foreign corporate loan default rate for the economy
specific local currency denominated final corporate loans provided by domestic final banks of

the i-th economy to both domestic and foreign global final banks SiC'E (v):

82(0) = x° (wf8M(® + (1 - 085 ()
(Appendix.E.11)

Equation (Appendix.E.12) shows the linear deviation of the domestic mortgage loan default
rate M (t) depends on a weighted average of its past and attractor values, and is also
influenced by the linear deviation of the contemporaneous mortgage loan default shock

G?M (t), while the linear deviation of the attractor mortgage loan default rate — [ZSM'Ylni )+
v (aniH(t) — InVH(t - 1))] depends on the logarithmic deviation of the contemporaneous

output gap lni (t), as well as the intertemporal change in the logarithmic deviation of the
price of housing (InV{f(t) — InVH(t — 1)), according to mortgage loan default rate
relationship:

8M(®) = psdl(t— 1) — (1 - pg) [P YInT(®) + "V (InVF (1) — mVF (e — 1))] + 98" (©
(Appendix.E.12)
Equation (Appendix.E.13) shows the linear deviation of the weighted average of domestic

and foreign corporate loan default rate for the economy specific local currency denominated
final corporate loans provided by domestic final banks of the i-th economy to both domestic
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and foreign global final banks SiC'E (t) depends on the nonfinancial corporate lending

weighted average of the linear deviation of the contemporaneous domestic corporate loan
default rate for the domestic currency denominated final corporate loans issued by global
final banks of any specific economy to firms of that specific economy Z]N:l wfj Sjc (v,
according to corporate credit loss rate function:

87E () = I, wEE (M)
(Appendix.E.13)

Equation (Appendix.E.14) shows the linear deviation of the domestic corporate loan default
rate for the domestic currency denominated final corporate loans issued by global final

banks of the i-th economy to firms of the i-th economy 8¢ (t) depends on a weighted average
of its past and attractor values, and is also influenced by the linear deviation of the
contemporaneous corporate loan default shock 0fc(t), while the linear deviation of the
attractor corporate loan default rate — [CSC'Ylmﬁ{i ® + 3V (aniS (t) — InV3(t - 1))] depends

on the logarithmic deviation of the contemporaneous output gap lni (1), as well as the
intertemporal change in the logarithmic deviation of the price of corporate equity (InV3(t) —
InV3(t — 1)), according to corporate loan default rate relationship:

8E(0) = psL(t— 1) — (1= pg) [PYInTi(®) + TV (VS (9) - TS (e — 1))| + 92 (®)
(Appendix.E.14)

F. Foreign Exchange Sector

The equations for the logarithmic deviation of the nominal bilateral exchange rate of the
currency issued by the i-th economy to US dollar (which is the quotation currency for
transactions in the foreign exchange market issued by the 1-st economy {'United States'})
under different exchange rate and inflation targeting arrangements are different.

Under a free floating exchange rate and flexible inflation targeting arrangement or under a
managed exchange rate arrangement, equation (Appendix.F.1a) shows the logarithmic

deviation of the nominal bilateral exchange rate of the currency issued by the i-th economy
to US dollar InE; ; (t) depends on its expected future value, driven by the linear deviation of
the contemporaneous nominal short term bond yield differential between the i-th economy

and the 1-st economy (iis’(t) -1 (t)), and is also influenced by the logarithmic deviation of
the contemporaneous currency risk premium shock differential between the i-th economy
and the 1-st economy (lm?F ) — lnof(t)), according to foreign exchange market relationship:

Inf; 1 () = EdnEi; (t+ 1) — [(iis(t) L HO) B HORE 1no§(t))]
(Appendix.F.1a)

Under a fixed exchange rate arrangement (including the situation where the economy
belongs to a currency union but is not the primary economy of this union), compared with the
corresponding equation characterizing the nominal bilateral exchange rate in the original
model, the following simplified equation (Appendix.F.1b) and (Appendix.F.1c) are a more
simplified characterization of reality, which avoid the problem that the complete replication of
the original model is easy to give extreme results when running the simulation.
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If the i*-th economy issues the anchor currency for the currency issued by the i-th economy,
equation (Appendix.F.1b) shows the logarithmic deviation of the nominal bilateral exchange
rate of the currency issued by the i-th economy to US dollar lnEi_l(t) equals the logarithmic
deviation of the nominal bilateral exchange rate of the currency issued by the i*-th economy
to US dollar InE;, ; (t), while equation (Appendix.F.1c) shows the logarithmic deviation of the
nominal bilateral exchange rate of the currency issued by the 1-st economy United States to
US dollar InE, ; (t) should always be equal to 0:

InE; ; (t) = InE;, ; (t)
(Appendix.F.1b)

InE; 1 () =0
(Appendix.F.1c)

Equation (Appendix.F.2) shows the logarithmic deviation of the nominal bilateral exchange
rate of the currency issued by the i-th economy to the currency issued by the j-th economy
(here j#1) lnEi,j (t) equals the difference between the logarithmic deviation of the
contemporaneous nominal bilateral exchange rate of the currency issued by the i-th
economy to US dollar InE; ; (t) and the logarithmic deviation of the contemporaneous
nominal bilateral exchange rate of the currency issued by the j-th economy to US dollar
lnﬁjll(t):

lnEi‘j (t) = lnﬁi_l(t) - lnﬁj,l(t)
(Appendix.F.2)

Equation (Appendix.F.3) defines the logarithmic deviation of the nominal effective exchange
rate of the currency issued by the i-th economy (which is the trade weighted average price of
foreign currency in terms of the i-th economy’s currency) InE;(t) as the difference between
the logarithmic deviation of the contemporaneous nominal bilateral exchange rate of the
currency issued by the i-th economy to US dollar InE; ; (t) and the trade weighted average of
the logarithmic deviation of the contemporaneous nominal bilateral exchange rate of the
currency issued by any specific economy to US dollar ¥}, o{;InE;; (t):

InE;(t) = InE; 1 (t) — Z]N=1 u)fjlnﬁjll(t)
(Appendix.F.3)

Equation (Appendix.F.4) shows the logarithmic deviation of the real bilateral exchange rate
of the currency issued by the i-th economy relative to US dollar (which is the relative price of
the 1-st economy’s output in terms of the i-th economy’s output) lnﬁi,l(t) not only depends
on the logarithmic deviation of the contemporaneous nominal bilateral exchange rate of the
currency issued by the i-th economy to US dollar InE; ; (t), but also depends on the
logarithmic deviation of the contemporaneous output price level differential between the 1-st

economy and the i-th economy (lnﬁlY ® — lnEY(t)):

lnﬁi_l(t) = lnEi’l(t) + InPY (t) — InPY (t)
(Appendix.F.4)

Equation (Appendix.F.5) defines the logarithmic deviation of the real effective exchange rate
of the currency issued by the i-th economy (which is the trade weighted average price of
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foreign output in terms of the i-th economy’s output) InQ;(t) as the difference between the
logarithmic deviation of the contemporaneous real bilateral exchange rate of the currency
issued by the i-th economy relative to US dollar InQ; ; (t) and the trade weighted average of
the logarithmic deviation of the contemporaneous real bilateral exchange rate of the
currency issued by any specific economy relative to US dollar Z]N:l wfjlnﬁjll(t):

In0;(t) = lnﬁi_l(t) — Z,N=1 u)gjlnﬁj’l(t)
(Appendix.F.5)

G. Export and Import Sectors

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.G.1) defines the domestic total exports as the aggregated domestic
industry-level exports. Specifically, this correspondingly modified equation shows the
logarithmic deviation of the total exports of the i-th economy InX;(t) depends on the industry-
level exports weighted average of the logarithmic deviation of the contemporaneous total
exports from the k-th industry of the i-th economy %2 ; Contribution_X; InX;  (t), according to
the adjusted total export relationship:

InX;(t) = Y2, Contribution_X;  InX; 1 (t)
(Appendix.G.1)

Here Contribution_X; x represents the proportion of the total exports from the k-th industry of
the i-th economy (to serve as intermediate inputs for foreign production sector or final output
goods or services for foreign absorption sector) to the total exports from all industries of the

i-th economy.

Relative to the corresponding equation in the original model, the innovatively adjusted
equation (Appendix.G.2) defines the domestic total imports as the aggregated industry-level
imports from any specific industry of all other economies. Specifically, this adjusted equation
shows the logarithmic deviation of the total imports of the i-th economy InM;(t) depends on
the industry-level imports weighted average of the logarithmic deviation of the
contemporaneous total imports of the i-th economy from foreign k-th industry

Y.t2, Contribution_M;  InM;  (t), according to the adjusted total import relationship:

InM;(t) = Y12, Contribution_M; ;InM; , (t)
(Appendix.G.2)

Here Contribution_M; yx represents the proportion of the total imports of the i-th economy from
foreign k-th industry (to serve as intermediate inputs for the i-th economy’s production sector
or final output goods or services for the i-th economy’s absorption sector) to the total imports
of the i-th economy from all foreign industries.

Equation (Appendix.G.3) defines the logarithmic deviation of the terms of trade of the i-th
economy InTj(t) as the logarithmic deviation of the contemporaneous global terms of trade
shifter (which is adopted for international trade adjustment to ensure multilateral consistency
in nominal trade flows) In0” (t), adds the difference between the logarithmic deviation of the
contemporaneous internal terms of trade of the i-th economy InTX(t) and the logarithmic
deviation of the contemporaneous external terms of trade of the i-th economy InTM(t):
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InT(t) = Ind7(t) + InTX(t) — InTM(v)
(Appendix.G.3)

Equation (Appendix.G.4) defines the logarithmic deviation of the internal terms of trade of
the i-th economy InTX(t) as the difference between the logarithmic deviation of the
contemporaneous price of exports of the i-th economy InPX(t) and the logarithmic deviation
of the contemporaneous core price level of the i-th economy InP; (t):

InTX(t) = InPX(t) — InP;(t)
(Appendix.G.4)

Equation (Appendix.G.5) defines the linear deviation of the export price inflation of the i-th
economy X (t), which equals to the difference between the contemporaneous and past

values of the logarithmic deviation of the price of exports of the i-th economy InPX(t):

X (t) = InB*(t) — InPX(t— 1)
(Appendix.G.5)

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.G.6) defines the domestic comprehensive export price level as the
aggregated export prices at the industry level. Specifically, this equation shows the
logarithmic deviation of the domestic comprehensive export price level of the i-th economy
InPX(t) depends on the industry-level exports weighted average of the logarithmic deviation
of the contemporaneous export price for exports from the k-th industry of the i-th economy
Y%2, Contribution_X; InP} (), according to the modified export price relationship:

InPX(t) = Zﬁil Contribution_Xi’kln’l%((t)
(Appendix.G.6)

Here Contribution_X; x represents the proportion of the total exports from the k-th industry of
the i-th economy (to serve as intermediate inputs for foreign production sector or final output
goods or services for foreign absorption sector) to the total exports from all industries of the

i-th economy.

Since we want to further incorporate the structure of import tariff into this model, the
following five equations are either innovatively added or correspondingly modified.

Compared with the corresponding equation defining the import price inflation without
considering tariff in the original model, the correspondingly modified equation (Appendix.G.7)
defines the linear deviation of the pre-tariff import price inflation of the i-th economy ﬁ?“(t),
which equals to the difference between the contemporaneous and past values of the

logarithmic deviation of the pre-tariff price of imports of the i-th economy lnﬁM'T(t):

#'T(t) = InP™T () — InPM T (t - 1)
(Appendix.G.7)

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.G.8) defines the domestic comprehensive pre-tariff import price level as
the aggregated pre-tariff import prices for all domestic industry-level imports. Specifically,
this equation shows the logarithmic deviation of the domestic comprehensive pre-tariff import
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price level of the i-th economy lnﬁM'T(t) depends on the industry-level imports weighted
average of the logarithmic deviation of the contemporaneous pre-tariff import price for
imports of the i-th economy from foreign k-th industry Y32, Contribution_Mi,klnﬁf\ﬁ'T(t),
according to the modified import price relationship:

1“EM'T(’E) =y, Contribution_Mi’kln’pif‘l’[(vT(t)
(Appendix.G.8)

Here Contribution_M; x represents the proportion of the total imports of the i-th economy from
foreign k-th industry (to serve as intermediate inputs for the i-th economy’s production sector
or final output goods or services for the i-th economy’s absorption sector) to the total imports
of the i-th economy from all foreign industries.

Compared with the original model, the innovatively added equation (Appendix.G.9) defines
the linear deviation of the post-tariff import price inflation of the i-th economy &M (t), which
equals to the difference between the contemporaneous and past values of the logarithmic
deviation of the post-tariff price of imports of the i-th economy InPM(t):

fM(t) = IPM(t) — InPM(t — 1)
(Appendix.G.9)

The innovatively added equation (Appendix.G.10) defines the logarithmic deviation of the
pre-tariff price of imports of the i-th economy lnEM'T(t), which depends on both the
logarithmic deviation of the contemporaneous post-tariff price of imports of the i-th economy
InPM(t) and the linear deviation of the contemporaneous import tariff rate (t}' (t) — t™), with
™(t) the contemporaneous import tariff rate variable and t™ the tariff rate constant for the i-
th economy's imports in period t:

P (t) = InPM(t) — ﬁ (tM©® - )
(Appendix.G.10)

Here tiTariff is the i-th economy's broad level of import tariff rates.

Compared with the corresponding equation defining the external terms of trade of the i-th
economy without considering tariff in the original model, the correspondingly modified
equation (Appendix.G.11) defines the logarithmic deviation of the external terms of trade of
the i-th economy InTM(t) as the difference between the logarithmic deviation of the
contemporaneous post-tariff price of imports of the i-th economy InPM(t) and the logarithmic
deviation of the contemporaneous core price level of the i-th economy InP; (t):

InTM(t) = InPM(t) — InP,(t)
(Appendix.G.11)

H. Balance of Payments Sector

Equation (Appendix.H.1) shows the linear deviation of the ratio of the current account
balance (denominated in US dollars) to nominal output of the i-th economy denominated in

US dollars —Ai®

EOP OY® not only depends on the linear deviation of the ratio of the
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contemporaneous net foreign asset position (which equals the sum of the financial wealth of
the household sector, the construction sector, the production sector, the banking sector, the
export sector, the import sector, and the government sector of the i-th economy) to past
Ai(D)
the ratio of the contemporaneous trade balance (denominated in US dollars) to
contemporaneous nominal output of the i-th economy denominated in US dollars
TB;(b)
E1i(®PY (OYi(®)’

nominal output of the i-th economy but also depends on the linear deviation of

according to national dynamic budget constraint:

CA;() _1-B 1 Ai(t) TB;(t)

ELi(OPY(OYi(t) B 1+gPY(t-1)Yi(t-1)  E1;i(OPY(DYi(t)
(Appendix.H.1)

Equation (Appendix.H.2) shows the linear deviation of the ratio of the net foreign asset
Ai(D)
PY(t-1)Y;(t-1)
value, but also depends on the linear deviation of the ratio of the past current account
balance (denominated in US dollars) to past nominal output of the i-th economy

CAj(t-1)
Ey;(t—1)PY (t-1)Y;(t-1)"

position to past nominal output of the i-th economy not only depends on its past

denominated in US dollars

Ai(D) _ 1 A1 CAj(t-1)
PY(t-1)Yi(t-1)  1+gP)(t-2)Yj(t-2) = Eq;(t—=1)P} (t-1)Y;(t-1)
(Appendix.H.2)

Compared with the corresponding equation in the original model, the timeline of this

equation has been pushed back for one period (including % is adjusted to PY(t—Ali)—(Yt)-(t—l)’
Ai(t) . . Ai(t—l) CAi(t) . . CAi(t—l)
Yoy, 1o ddiusted 0 e ey A B R ov, S Adiusted 1o e Y v

while the structure of this equation and the values of its parameters have not been changed.

Compared with the corresponding equation in the original model, the parameters before the
logarithmic deviation of the terms of trade (which measures the relative price of exports to
imports) InT;(t) in the innovatively adjusted equation (Appendix.H.3) characterizing the ratio
of the trade balance to nominal output have been changed, in order to make the trade
balance characterization more accurate for those small and highly open economies, whose
total export value or total import value can be as large as or even larger than their GDP,
which lead to the impact of their export or import value on the trade balance much higher
than that of other economies. Specifically, the innovatively adjusted equation (Appendix.H.3)
shows the linear deviation of the ratio of the trade balance (denominated in US dollars) to
TB;(t)
E1,i (P} (DYi(D)
total exports and total imports weighted average of the logarithmic deviation of the
contemporaneous global terms of trade shifter (which is adopted for international trade
adjustment to ensure multilateral consistency in nominal trade flows) In0T (t), the logarithmic

nominal output of the i-th economy denominated in US dollars depends on the

deviation of the contemporaneous export value of the i-th economy (lnEX(t) + 1n)A(i(t)), and
the logarithmic deviation of the contemporaneous post-tariff import value of the i-th economy
(lnEM(t) + lnl\7li(t)), while for small and highly open economies, this part is replaced by the

difference between the logarithmic deviation of the contemporaneous total exports of the i-th
economy InX;(t) and the logarithmic deviation of the contemporaneous total imports of the i-
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th economy InM;(t), adding the logarithmic deviation of the contemporaneous terms of trade
of the i-th economy (which measures the relative price of exports to imports of the i-th
economy) InT;(t), multiplied by a threshold value (to reflect such small and highly open
economies are usually good at balancing their imports and exports and maintaining a stable
structure between imports, exports, domestic demand and domestic production):

ﬁi(t) _ 0.5*X;+0.5xM;
E1i(OPY(OYi() Yi
(Appendix.H.3)
or
TB;(t)
E1,i(OP) (DYi()
(Appendix.H.3)

InoT () + 2 (INBX() + In%;(9)) — 3 (InBM(©) + Inf; (1))
= (threshold value) [(ln)A(i(t) — lnMi(t)) + InT; (t)]

Here,

the adjusted parameter 052X +0.5:M;

. represents the proportion of the domestic currency

denominated average value of the i-th economy’s total exports and imports to the domestic
currency denominated nominal GDP of the i-th economy;

the adjusted parameteré represents the proportion of the domestic currency denominated

value of the i-th economy’s total exports to the domestic currency denominated nominal
GDP of the i-th economy;

the adjusted parameter % represents the proportion of the domestic currency denominated

value of the i-th economy’s total imports to the domestic currency denominated nominal
GDP of the i-th economy.

Since we want to further incorporate the structure of international direct investment, including
the structure of FDI and ODI into this model, the following three equations are innovatively
added.

The innovatively added equation (Appendix.H.4) shows the logarithmic deviation of the
domestic and foreign business investment lnTiK'in(t) for the production sector of the i-th
economy depends on the FDI (from the j-th economy to the i-th economy) weighted average
of the logarithmic deviation of the business investment from any specific economy

Z]N:l wE]-I lnTjK (t):

Inf{*™(®) = ¥N,; Pl Intk(®)
(Appendix.H.4)

The innovatively added equation (Appendix.H.5) shows the linear deviation of the ratio of the
direct investment balance (denominated in US dollars) to nominal output of the i-th economy
CFAP; (1)
E1,i(OPY (DYi(t)
th economy) weighted average of the logarithmic deviation of the contemporaneous US

denominated in US dollars depends on the FDI (from the j-th economy to the i-

dollar denominated value of total ODI of any specific economy %, wp} (lnELj () +InPC(D) +
lnin(t)), minus the logarithmic deviation of the contemporaneous US dollar denominated

value of total ODI of the i-th economy (lnﬁlli(t) +InPE(t) + lnTiK(t)):
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CFADi()  _ Ij
E1i(DPY (OYi(D)  Y;
(Appendix.H.5)

2N, @B (InBy(t) + IPE(E) + Inf¥(0)) — (Infy;(t) + NBE(E) + iK(D))]

The innovatively added equation (Appendix.H.6) shows the weighted average of the linear
deviation of the ratio of the current account balance (denominated in US dollars) to nominal
CA;i(b)
E1i(OP} (DY;(®)’
the ratio of the direct investment balance (denominated in US dollars) to nominal output of
CFAD; (1)
E1i(DP} (OY;i(®)’
ratio of the rest of capital and financial account balance (denominated in US dollars) to
CFARest; (t)
E1,i (P} (DYi(D)

output of the i-th economy denominated in US dollars the linear deviation of

the i-th economy denominated in US dollars and the linear deviation of the

nominal output of the i-th economy denominated in US dollars should equal to
zero, according to balance of payments constraint:

CFAD;(t)
E1i(DPY (DYi(D)

CA;i(D)
CAi* E P v,
(Appendix.H.6)

CFARest(t) 0

5 _ CFAResti(t)
+ CFAD « E1i(DPY(DYi(D)

+ CFAR®S" «

I. Virtual “Absorption Sector”

Equation (Appendix.l.1) defines the linear deviation of the core inflation T;(t), which equals
to the difference between the contemporaneous and past values of the logarithmic deviation
of the core price level InP;(t):

t;(t) = InP(t) — InP(t — 1)
(Appendix.l.1)

Equation (Appendix.l.2) shows the linear deviation of the core inflation ;(t) depends on a
linear combination of its past and expected future values, driven by the logarithmic deviation

of the contemporaneous real labor cost per unit of output (ln\TVi (t) + InL;(t) — InP;(t) —
ln?i(t)), and is also influenced by the logarithmic deviation of the contemporaneous output
price markup shock IndY (t), according to Phillips curve:

(1-0V)(1-w'p)

Y
() = g it — D + g B+ D + S5
In%;(t)) + 1n9¥(t)]

(Appendix.1.2)

[(mWi (t) + InL;(t) — InB,(t) —

The structure of the following innovatively adjusted equation is the same as that of the
corresponding equation in the original model, however, the parameters before total domestic
demand, export and import variables are adjusted to make its setting more suitable for those
small and highly open economies we add to the model, whose total export value or total
import value can almost equal or even exceed their GDP, which may lead to excessive
values of their macroeconomic variables in the simulation. Referring to the reality, such small
and highly open economies are usually good at balancing their imports and exports and
maintaining a stable structure between imports, exports, domestic demand and domestic

production. Therefore, we set a threshold value for both the parameter é (the proportion of

the domestic currency denominated value of the i-th economy’s total exports to the domestic
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currency denominated value of the i-th economy’s total output) before the total export
variable InX;(t), and the parameter % (the proportion of the domestic currency denominated

1

value of the i-th economy'’s total imports to the domestic currency denominated value of the
i-th economy’s total output) before the total import variable InM;(t). For small and highly
open economies whose parameter value is greater than this threshold value, we directly take

the value of its parameter é or % as the threshold value. Finally, the innovatively adjusted

1 1

equation (Appendix.l.3) shows the logarithmic deviation of the total output InY;(t) not only

depends on the logarithmic deviation of the contemporaneous total domestic demand

InD; (t), multiplied by the proportion of the domestic currency denominated value of the i-th
economy’s total domestic demand to the domestic currency denominated value of the i-th

economy’s total output % (for small and highly open economies, this parameter takes 1 to

realize the constraint that the sum of the three parameters should be 1), but also depends on
the gap between the logarithmic deviation of the contemporaneous total exports InX;(t)
multiplied by the proportion of the domestic currency denominated value of the i-th
economy’s total exports to the domestic currency denominated value of the i-th economy’s

total outputé or the threshold value, and the logarithmic deviation of the contemporaneous

total imports InM; (t) multiplied by the proportion of the domestic currency denominated value
of the i-th economy’s total imports to the domestic currency denominated value of the i-th

economy’s total output % or the threshold value, according to the modified output demand

relationship:

InY;(t) = %lnﬁi(t) + (ﬁ—) In%;(t) — (%) InM; (t)
(Appendix.l.3)

or

InY;(t) = InD;(t) + (threshold value) * (ln)A(i(t) - lnMi(t))
(Appendix.l.3)

Compared with the corresponding equation in the original model, the parameters before the
logarithmic deviation of total consumption InC;(t), the logarithmic deviation of total
investment Inf;(t) and the logarithmic deviation of domestic public demand InG;(t) in the
innovatively adjusted equation (Appendix.l.4) characterizing the total domestic demand have
been changed, in order to make the total domestic demand characterization more accurate
for those economies whose gap between total exports and total imports, or gap between
total domestic demand and total output, can be quite large. Specifically, the innovatively
adjusted equation (Appendix.l.4) shows the logarithmic deviation of the total domestic
demand InD;(t) depends on a weighted average of the logarithmic deviation of
contemporaneous total consumption InC;(t), the logarithmic deviation of contemporaneous
total investment Inl;(t) and the logarithmic deviation of contemporaneous domestic public
demand InG;(t), according to the modified domestic demand relationship:

InD; () = HInC;(t) + - Infi (1) + TG (1)
(Appendix.l.4)

Here,
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% represents the proportion of the domestic currency denominated value of the i-th

economy’s total private consumption to the domestic currency denominated value of the i-th
economy’s total domestic demand,;

% represents the proportion of the domestic currency denominated value of the i-th

economy’s total private investment to the domestic currency denominated value of the i-th
economy'’s total domestic demand,;

% represents the proportion of the domestic currency denominated value of the i-th

economy'’s total public demand to the domestic currency denominated value of the i-th
economy'’s total domestic demand.

Equation (Appendix.l.5) shows the logarithmic deviation of the total investment (both
residential and business investment) Ini;(t) depends on a weighted average of the
logarithmic deviation of contemporaneous residential investment Inif (t) and the logarithmic
deviation of contemporaneous business investment IniX(t), according to investment demand
relationship:

lipog I sH I oK
?ilnli(t) = ?ilnli )+ ?ilnli ()
(Appendix.1.5)

J. Government Sector

The equations for the linear deviation of the nominal policy interest rate under different
exchange rate and inflation targeting arrangements are different.

Under a free floating exchange rate and flexible inflation targeting arrangement, equation
(Appendix.J.1a) shows the linear deviation of the nominal policy interest rate i¥ (t) depends
on a weighted average of its past and desired values, and is also influenced by the linear

deviation of the contemporaneous monetary policy shock in (1), while the linear deviation of
the desired nominal policy interest rate (E“Etﬁic(t +1)+ EYlni (t)) responds to the linear

deviation of the expected future consumption price inflation E.fC(t + 1) and the logarithmic
deviation of the contemporaneous output gap lm?(i(t), according to monetary policy rule:

M =ptt—1+(1-p") (E“Etﬁic t+1) + zYln?i(t)) +9I7 (®)
(Appendix.J.1a)

Under a managed exchange rate arrangement, equation (Appendix.J.1b) shows the linear

deviation of the nominal policy interest rate if (t) depends on a weighted average of its past

and desired values, and is also influenced by the linear deviation of the contemporaneous
monetary policy shock Q}P (t), while the linear deviation of the desired nominal policy interest
rate [E“Etﬁic (t+ 1) + EInY;(t) + & (lnﬁi(t) —InE;(t — 1))] responds to the linear deviation of
the expected future consumption price inflation E&E(t + 1), the logarithmic deviation of the

contemporaneous output gap ln?i (t), and the intertemporal change in the logarithmic
deviation of the nominal effective exchange rate of the currency issued by the i-th economy

(lnﬁi(t) — InE;(t - 1)), according to monetary policy rule:
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iP(0) = p'l (£ — 1) + (1 — p) [EeRC(t+ 1) + 8%, (O + & (Infi (©) — InBy (e — 1) +
o ©
(Appendix.J.1b)

Under a fixed exchange rate arrangement (including the situation where the economy
belongs to a currency union but is not the primary economy of this union), equation
(Appendix.J.1c) shows the linear deviation of the nominal policy interest rate if (t) tracks the
linear deviation of the contemporaneous nominal policy interest rate of the i*-th economy
that issues the anchor currency for the currency issued by the i-th economy if. (t), and also
responds to the intertemporal change in the logarithmic deviation of the nominal bilateral
exchange rate of the currency issued by the i-th economy to the anchor currency issued by

the i*-th economy (lnﬁi,i*(t) — InE;;. (t— 1)), according to monetary policy rule:

iP(6) = .(0) + &, (InB;1.(9) — Infy;. (e — 1))
(Appendix.J.1c)

Equation (Appendix.J.2) shows the linear deviation of the bank capital ratio k;(t) depends on
the difference between the logarithmic deviation of the contemporaneous aggregate bank
capital InKE (t) and the logarithmic deviation of the contemporaneous aggregate bank assets

(also called the bank credit stock) InB{*® (t):

% () = «® (InRF (1) — nBEP(1) )
(Appendix.J.2)

Compared with the corresponding equation in the original model, the timeline rather than the
structure or the parameter values of this equation has been changed, and it has been
pushed back for one period.

Equation (Appendix.J.3) shows the linear deviation of the regulatory bank capital ratio

requirement kR (t) depends on a weighted average of its past and desired values, and is also

influenced by the linear deviation of the past bank capital requirement shock Vi*(t — 1), while
the linear deviation of the desired regulatory bank capital ratio requirement [ZK'B (1n§iC'B ® -
InBEP(t— 1)) + 7V (aniH (t—1) — InVH(t — 2)) + Vs (1n\71S (t—1) — InUS(t— 2))]
responds to the intertemporal change in the logarithmic deviation of the aggregate bank
assets (also called the bank credit stock) (lnEiC'B (t) — lnﬁic'B (t— 1)), the intertemporal
change in the logarithmic deviation of the price of housing (aniH (t—1) —InVH(t - 2)), and
the intertemporal change in the logarithmic deviation of the price of corporate equity

(aniS (t—1) —InV3(t— 2)), according to countercyclical capital buffer rule:

RR() = pRR(t— 1) + (1 = p,0) [¢98 (INBFP () — BEP (e — 1)) + 7V (Ve — 1) -
InVF(t = 2)) + 7V (V5 (t — 1) = VS (e — 2))| + 9 (e — 1)
(Appendix.J.3)
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The timeline rather than the structure or the parameter values of this equation has been
changed, and it has been pushed back for one period, compared with the corresponding
eqguation in the original model.

Equation (Appendix.J.4) shows the linear deviation of the regulatory mortgage loan to value
ratio limit P (t) depends on a weighted average of its past and desired values, and is also
influenced by the linear deviation of the contemporaneous mortgage loan to value limit shock

ﬁf’D (t), while the linear deviation of the desired regulatory mortgage loan to value ratio limit
—[ge™® (lnEiC‘D(t) —ImBfP(t— 1)) + ¢V (aniH (t) — InVH(t — 1))] responds to the
intertemporal change in the logarithmic deviation of the total mortgage loans issued to
domestic real estate developers (lnEiC'D (t) — lnEiC'D(t — 1)), and the intertemporal change in
the logarithmic deviation of the price of housing (aniH(t) — InVHA(t - 1)), according to
mortgage loan to value limit rule:

BP() = PP (t— 1) — (1= pygo) [¢¢”8 (InBFP () — InBFP (£ — 1)) + 7V (I (0 -
v - D)]+9¢" ©
(Appendix.J.4)

Equation (Appendix.J.5) shows the linear deviation of the regulatory corporate loan to value
ratio limit ¢ (t) depends on a weighted average of its past and desired values, and is also
influenced by the linear deviation of the contemporaneous corporate loan to value limit shock

F
0?’ (1), while the linear deviation of the desired regulatory corporate loan to value ratio limit
—[¢¢"® (mﬁff(a —ImBfF(t— 1)) + " (1n\71S ®) — InVS(t— 1))] responds to the
intertemporal change in the logarithmic deviation of the domestic currency denominated total
final corporate loans issued by global final banks of the i-th economy to firms of the i-th

economy (lnEiC'F(t) - lnEiC'F(t - 1)), and the intertemporal change in the logarithmic

deviation of the price of corporate equity (aniS (t) —InV3(t— 1)), according to corporate loan
to value limit rule:

BF (©) = pyrdf (t— 1) — (1 — pyr) 192 (InBEF (1) — nBET (e — 1)) SR NACE
v (- 1)+ 9% ()
(Appendix.J.5)

Equation (Appendix.J.6) shows the logarithmic deviation of the domestic public demand
InG;(t) depends on a weighted average of the logarithmic deviation of the contemporaneous
public consumption InGE (t) and the logarithmic deviation of the contemporaneous public
investment InG}(t), according to domestic public demand relationship:

L~ c r_
S{—;lnGi ® = %1ncf o + f{—:mckg
(Appendix.J.6)

Equation (Appendix.J.7) shows the logarithmic deviation of the public consumption InGE (t)
depends on a weighted average of its past and desired values, and is also influenced by the
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linear deviation of the contemporaneous public consumption shock Ofc (t), while the
logarithmic deviation of the desired public consumption equals to the logarithmic deviation of
the contemporaneous potential output (the inferred total output given full utilization of private
physical capital, effective labor and potential-output-level intermediate inputs from all

domestic and foreign industries) lnﬁc(i(t), according to fiscal expenditure rule:

INGE() = peInGE(t — 1) + (1 — pe)InY,(®) + 95 (©)
(Appendix.J.7)

Compared with the corresponding equation in the original model, the following innovatively
modified equation (Appendix.J.8) defines the domestic total public investment as the
aggregated domestic industry-level public investment. Specifically, this correspondingly
modified equation shows the logarithmic deviation of the total public investment InG} (t)
depends on the industry-level output weighted average of the logarithmic deviation of the
contemporaneous public investment for the k-th industry of the i-th economy

s, Contribution_Yi,kln'G\iI'k(t), according to the adjusted total public investment relationship:

InGl(t) = Xe2, Contribution_Yi,klnGiI’k(t)
(Appendix.J.8)

Here Contribution_Y; , represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.

Equation (Appendix.J.9) shows the logarithmic deviation of the past public investment
InG!(t — 1) is accumulated to form the logarithmic deviation of the contemporaneous public
physical capital stock InK€ (t), according to the perpetual inventory method:

InKE () = (1 — 8%)InKE(t— 1) + 8CInG{(t — 1)
(Appendix.J.9)

Compared with the corresponding equation in the original model, the timeline of this
equation has been pushed back for one period, while there is no adjustment for the structure
of this equation or the values of its parameters.

Equation (Appendix.J.10) shows the linear deviation of the corporate income tax rate tX(t)
depends on its past value, and is also influenced by the linear deviation of the

. K . .
contemporaneous corporate income tax rate shock 9{ (t), according to fiscal revenue rule:

#K(D) = p ¥t — 1) + 97 (O
(Appendix.J.10)

Equation (Appendix.J.11) shows the linear deviation of the labor income tax rate &-(t)
depends on its past value, and is also influenced by the linear deviation of the

. L . .
contemporaneous labor income tax rate shock 97 (t), according to fiscal revenue rule:

() = petb(t— 1) + 97 (©)
(Appendix.J.11)
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Since we want to further incorporate the structure of import tariff into this model, the
following equation (Appendix.J.12) is innovatively added and the following equation
(Appendix.J.13) correspondingly modified.

The innovatively added equation (Appendix.J.12) shows the linear deviation of the import
tariff rate (t}"(t) — t}") depends on its past value (t}'(t— 1) — t}"), and is also influenced by
the linear deviation of the contemporaneous import tariff rate shock QiTM (t), according to
fiscal revenue rule:

(MO =) = pF(' - D - ) + 97 ©
(Appendix.J.12)

Here p{ represents the country differentiated coefficient for the intertemporal change of
country differentiated import tariff rate, which is estimated based on the specific tariff
reduction commitments of each country in the tariff terms of for example RCEP.

The correspondingly modified equation (Appendix.J.13) has added import tariff revenue to
the total tax revenue, it shows the logarithmic deviation of the ratio of the tax revenue of the
Ti(®)
Py (DY;(1)
deviation of the contemporaneous corporate income tax rate tX(t), the linear deviation of the

contemporaneous labor income tax rate fiL(t), and the linear deviation of the

contemporaneous import tariff rate (t}'(t) — ti'):

fiscal authority to nominal output In depends on a weighted average of the linear

i _ 1 [PYyi-wiLi .k Wil AL, PMMi /My M
In PYovio  ul| PYY; © + PYY; i © + PYY; (@' ® -

(Appendix.J.13)

Equation (Appendix.J.14) defines the linear deviation of the ratio of both nondiscretionary

and discretionary lump sum transfer payments by the fiscal authority to nominal output
TE(®

PY (DY;(D)

lump sum transfer payments by the fiscal authority to contemporaneous nominal output
)

PY(DY;(D)

as the sum of the linear deviation of the ratio of contemporaneous nondiscretionary

and the linear deviation of the ratio of contemporaneous discretionary lump sum

~CD
transfer payments by the fiscal authority to contemporaneous nominal output P;ETS()D:

™o TPV TP ()

PYOYi()  PY®Yi()  PYOYi(t)
(Appendix.J.14)

Equation (Appendix.J.15) shows the linear deviation of the ratio of nondiscretionary lump

sum transfer payments by the fiscal authority to nominal output (a budget neutral

nondiscretionary lump sum transfer program redistributes national financial wealth from

capital market intermediated households to credit constrained households while equalizing
TN ©

PY (©Y;(D)

deviation of the ratio of the contemporaneous net foreign asset position to past nominal

Ai(1)

steady state equilibrium consumption across households) responds to the linear

output according to nondiscretionary transfer payment rule:
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~CN
TN ()

PY(DYi(D)
(Appendix.J.15)

Ai(v)

=™
PY(t-1)Y;(t-1)

Equation (Appendix.J.16) shows the linear deviation of the ratio of discretionary lump sum
transfer payments by the fiscal authority to nominal output (a discretionary lump sum transfer
TSP
Py (DY;(1)
to the linear deviation of the ratio of the contemporaneous net government asset of the fiscal

authority (also called accumulated public financial wealth) to past nominal output

Af(®
PY(t-1)Y;(t-1)’
payment shock 97 (), according to discretionary transfer payment rule:

program only provides income support to credit constrained households) responds

and is also influenced by the linear deviation of the contemporaneous transfer

TP D AS(D
PY(OYi(t) ¢ PY (t-1)Y;(t-1)
(Appendix.J.16)

+97 (0

Equation (Appendix.J.17) shows the linear deviation of the ratio of the fiscal balance of the
FBi(t)

PY(DYi(0)

linear deviation of the past nominal short term bond yield 17 (t — 1) and the linear deviation of

the past nominal effective long term market interest rate iiL'E(t — 1), but also depends on the
linear deviation of the ratio of the contemporaneous net government asset of the fiscal
authority (also called accumulated public financial wealth) to past nominal output

AF®
PY(t-1)Y;(t-1)’
output (ln?iY(t) + InY;(t) — InPY(t — 1) — InY;(t — 1)), and also depends on the linear

deviation of the ratio of the contemporaneous primary fiscal balance of the fiscal authority to

fiscal authority to nominal output not only depends on a weighted average of the

adjusted by the intertemporal change in the logarithmic deviation of the nominal

contemporaneous nominal output %, according to government dynamic budget
constraint:
FBi() 1 AS (B g B'® .LE Af(D)
PTOV® ~ B {W (Fi =D+ )+ =B fereve -

AY (11BY(6) + In%i (1) — InBY (£ — 1) — In%, (t — LG
2 (1nPY (9 + In%,(© — InRY (= 1) — In%i (¢ 1))]}+P¥®Yi(t)

(Appendix.J.17)

Compared with the corresponding equation in the original model, the parameters before the
logarithmic deviation of the terms of trade (which measures the relative price of exports to
imports) InT;(t) in the innovatively adjusted equation (Appendix.J.18) characterizing the ratio
of the primary fiscal balance of the fiscal authority to nominal output have been changed, in
order to make the primary fiscal balance characterization more accurate for those small and
highly open economies whose total export value or total import value can be as large as or
even larger than their GDP, which lead to the impact of their export or import price level on
the primary fiscal balance much higher than that of other economies. Specifically, the
innovatively adjusted equation (Appendix.J.18) shows the linear deviation of the ratio of the
PB;(t)
PY(DYi(D)
the logarithmic deviation of the contemporaneous real tax revenue of the fiscal authority

primary fiscal balance of the fiscal authority to nominal output not only depends on
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(lnTi (t) — lnEY(t)), but also depends on the logarithmic deviation of the contemporaneous

domestic public demand InG;(t), as well as the total exports and total imports weighted
average of the logarithmic deviation of the contemporaneous global terms of trade shifter
(which is adopted for international trade adjustment to ensure multilateral consistency in
nominal trade flows) In0T (t), the logarithmic deviation of the contemporaneous price of
exports of the i-th economy InPX(t), and the logarithmic deviation of the contemporaneous
post-tariff price of imports of the i-th economy InPM(t), while for small and highly open
economies, this part is replaced by the logarithmic deviation of the contemporaneous terms
of trade of the i-th economy InT; (t) multiplied by a threshold value (to reflect such small and
highly open economies are usually good at balancing their imports and exports and
maintaining a stable structure between imports, exports, domestic demand and domestic
production), and also depends on the linear deviation of the ratio of contemporaneous
discretionary lump sum transfer payments by the fiscal authority to contemporaneous

TC'D(t) )

nominal output 7w

_PBiO__ Gi T. P = 0.5%X;+0.5+Mj ;A Xi1 =
PiY(t)Yi(t) = Y_l [(lnTl (t) - 1nP1Y(t)) - <11’1G1 (t) — <Y—l anT(t) + Y_llnPIX(t) _

M, = P
Tilnpi (t)>>] ~ PO
(Appendix.J.18)

or

% =y, [(1nTi ) — lnPiY(t)) h (lnGi () — (threshold value)InT; (t))] -
(Appendix.J.18)

TEP (1)

i

PY(DYi(D)

Here,

the adjusted parameter 252X +0.5:M;

. represents the proportion of the domestic currency

denominated average value of the i-th economy’s total exports and imports to the domestic
currency denominated nominal GDP of the i-th economy;

the adjusted parameteré represents the proportion of the domestic currency denominated
value of the i-th economy’s total exports to the domestic currency denominated nominal
GDP of the i-th economy;

the adjusted parameter % represents the proportion of the domestic currency denominated

value of the i-th economy'’s total imports to the domestic currency denominated nominal
GDP of the i-th economy.

Equation (Appendix.J.19) shows the linear deviation of the ratio of the net government asset
of the fiscal authority (also called accumulated public financial wealth) to past nominal output
AG
Py(t—Ali)—g{t-)(t—l) not only depends on its past value, adjusted by the intertemporal change in the
logarithmic deviation of the past nominal output (lnEY(t - 1) +InY(t—1) —InPY(t—2) —

InY, (t — 2)), but also depends on the linear deviation of the ratio of the past fiscal balance of

FBi(t-1)

the fiscal authority to past nominal output P Vi1
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AS(0) 1 AS(t-1) AS =y . v
PY(t-1Yi(t-1)  1+g [py—a-zm(t_z) TRy, (1“1’1 (t—1) +InYi(t—1) —InB’(t — 2) —
FB;(t-1)

InY;(t - 2))] + PY (t-1)Y;(t-1)
(Appendix.J.19)
Compared with the corresponding equation in the original model, the timeline of this

AS(t+1) AS()
PY(DY;(t) PY(t-1)Y;(t-1)’

equation has been pushed back for one period (such as is adjusted to

AS() AS(t-1)
PY(t-1)Y;(t-1) Py (t-2)Y;(t-2)’
values of its parameters have not been changed.

is adjusted to etc), while the structure of this equation and the

K. Combination of Domestic Interbank, Money, Bond, and Equity Markets and
International Financial Markets

Equation (Appendix.K.1) shows the linear deviation of the nominal interbank loans rate of the
i-th economy i2(t) depends on the linear deviation of the contemporaneous nominal short
term bond yield of the i-th economy 3 (t), and is also influenced by the logarithmic deviation
of the contemporaneous weighted average of domestic and foreign liquidity risk premium for

the i-th economy lnﬁ}B (t), according to interbank market relationship:

B0 =¥ + o} (0
(Appendix.K.1)

Equation (Appendix.K.2) defines the logarithmic deviation of the weighted average of
domestic and foreign liquidity risk premium for the i-th economy (the above nominal

interbank loans rate is adjusted by this liquidity risk premium) lnﬁ}B (t) as the capital market
capitalization weighted average of the logarithmic deviation of the contemporaneous liquidity

risk premium shock of any specific economy except the i-th economy (Z,N=1 oo;“ln\?}B ) —
(oiAan}B (t)), adds the logarithmic deviation of the contemporaneous liquidity risk premium

shock of the i-th economy In!” (t):

o} () = M I, ol ol (©) + (1 — Mool (©
(Appendix.K.2)

Here AM represents the i-th economy's interbank market contagion level.

Equation (Appendix.K.3) shows the linear deviation of the nominal short term bond yield of
the i-th economy iis (t) depends on the linear deviation of the contemporaneous nominal
policy interest rate of the i-th economy if (t), and is also influenced by the logarithmic

deviation of the contemporaneous weighted average of the domestic and foreign credit risk
premium for the i-th economy lnﬁ%S (1), according to money market relationship:

HOESHOESHO!
(Appendix.K.3)
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Equation (Appendix.K.4) defines the linear deviation of the real short term bond yield of the i-
th economy #5(t) as the linear deviation of the contemporaneous nominal short term bond
yield of the i-th economy Y (t), minus the linear deviation of the expected future consumption
price inflation of the i-th economy EfE(t + 1):

BP0 = (0 — ERf(t+ 1)
(Appendix.K.4)

Equation (Appendix.K.5) defines the logarithmic deviation of the weighted average of
domestic and foreign credit risk premium for the i-th economy (the above nominal short term

bond yield is adjusted by this credit risk premium) lnﬁ}S (t) as the capital market capitalization
weighted average of the logarithmic deviation of the contemporaneous credit risk premium

shock of any specific economy except the i-th economy (ZJNZI (ojAlno}S (t) — m{*lno}s(t)), adds
the logarithmic deviation of the contemporaneous credit risk premium shock of the i-th
economy In%i° ():

o} () = AP I, ol (0 + (1 — APw)Ind} (0
(Appendix.K.5)

Here A represents the i-th economy's capital market contagion level.

Equation (Appendix.K.6) shows the linear deviation of the nominal long term bond yield of
the i-th economy iF(t) not only depends on its expected future value, but also depends on
the linear deviation of the contemporaneous nominal short term bond yield of the i-th
economy 15 (t), adjusted by the logarithmic deviation of the contemporaneous weighted
average of domestic and foreign duration risk premium for the i-th economy In02(t),

according to bond market relationship:

iH(t) = wBBEF(t + 1) + [(1;‘;’;3)/(& + 1_0)—‘;’23)] (1@ +moP(v))
(Appendix.K.6)

Equation (Appendix.K.7) shows the linear deviation of the real long term bond yield of the i-
th economy £L(t) not only depends on its expected future value, but also depends on the
linear deviation of the contemporaneous real short term bond yield of the i-th economy £ (t),
adjusted by the logarithmic deviation of the contemporaneous weighted average of domestic
and foreign duration risk premium for the i-th economy In02(t), according to bond market
relationship:

() = wPpERk e+ 1) + (S5 /(0° + Z5E)] (50 + o (0)
(Appendix.K.7)

Equation (Appendix.K.8) shows the logarithmic deviation of the weighted average of
domestic and foreign term premium for the i-th economy Infi’ (t) depends on its expected
future value, driven by the logarithmic deviation of the contemporaneous weighted average
of domestic and foreign duration risk premium for the i-th economy InoF (t):
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— B _ B
InfiB(t) = wBBEInfiB(t + 1) + [(10)‘;;8‘3) /(w® + 1@—‘;)8‘3)] InoB (t)
(Appendix.K.8)

Equation (Appendix.K.9) defines the logarithmic deviation of the weighted average of
domestic and foreign duration risk premium for the i-th economy (the above long term bond
yield and term premium are adjusted by this duration risk premium) In02(t) as the capital
market capitalization weighted average of the logarithmic deviation of the contemporaneous
duration risk premium shock of any specific economy except the i-th economy

(Z]N:l wIn9 (t) — of IndP (t)), adds the logarithmic deviation of the contemporaneous

duration risk premium shock of the i-th economy In9E (t):

0P (1) = AP T, 0fIndP (0 + (1 — AP wMHInoP (1)
(Appendix.K.9)

Here A represents the i-th economy's capital market contagion level.

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.K.10) defines the logarithmic deviation of the weighted average of
domestic and foreign equity risk premium for the i-th economy (the price of corporate equity
V3 (t) is adjusted by this equity risk premium) In{ (t) as the domestic industrial output
weighted average of the logarithmic deviation of the weighted average of contemporaneous
domestic and foreign equity risk premium for the k-th industry of the i-th economy

P Contribution_Yi,klnﬁfk(t), in order to be consistent with the innovatively added equations
characterizing industries under the whole economy and their inter-country cross-industry
input-output relations in the model:

1nﬁis’ () = Zﬁil Contribution_Yi_klnf)iS_k ()
(Appendix.K.10)

Here Contribution_Y; x represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.

Equation (Appendix.K.11) shows the linear deviation of the nominal effective long term
market interest rate of the i-th economy (the ratio of the fiscal balance of the fiscal authority
FB;(t)
PY(DYi(D)

to nominal output is adjusted by this domestic nominal effective long term market

interest rate) iiL'E(t) depends on its past value, driven by the linear deviation of the
L

contemporaneous nominal long term bond yield of the i-th economy ;' (t):
_ (B
LB () = wBiE(t — 1) + wBB(1 — wB) ((oB + —1w‘§BB) Lo
(Appendix.K.11)

L. All Whole-Economy-Level Exogenous Shocks

Since some of the whole-economy-level exogenous shocks defined by equation
(Appendix.L.1), (Appendix.L.6), (Appendix.L.7), (Appendix.L.10), (Appendix.L.11) and
(Appendix.L.24) in the original model can be completely replaced by the weighted sum of the
corresponding industry-level exogenous shocks defined in the previous Part B of Section 1V,
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they no longer appear in this AGMFM. However, if all industry-level equations in the AGMFM
are removed due to some specific model applications do not care about the details of
industries under the whole economy and want to reduce the scale of the model as much as
possible, all those whole-economy-level exogenous shocks defined by these equations from
the original model should be re-added to the model. This is also the reason why there are
some corresponding vacancies between the numbers of the following equations defining
whole-economy-level exogenous shocks, please refer to the previous Part C of Sector IV for
details of those removed equations.

Equation (Appendix.L.2) shows the logarithmic deviation of the labor supply shock InoN (t)
(which directly influences the unemployment rate) follows stationary first order

autoregressive process, with normally distributed innovations s}’N (t)~iid N(0, oﬁN):

InoON(t) = p,IndN(t— 1) + ¢! (v)
(Appendix.L.2)

Equation (Appendix.L.3) shows the logarithmic deviation of the consumption demand shock
Inv€ (1) (which directly influences the total consumption by all three kinds of households)
follows stationary first order autoregressive process, with normally distributed innovations

&) () ~iid N(0, 0%c):

I9€ (1) = pycIndC(t— 1) + &/ (v)
(Appendix.L.3)

Equation (Appendix.L.4) shows the logarithmic deviation of the residential investment

demand shock 1n0}H (t) (which directly influences the residential investment) follows
stationary first order autoregressive process, with normally distributed innovations

&/ () ~iid N(0, 0%):

9" () = pund! (£ — 1) + &) (©)
(Appendix.L.4)

Equation (Appendix.L.5) shows the logarithmic deviation of the business investment demand
~IK . . . . . . .

shock InV; (t) (which directly influences the business investment) follows stationary first

order autoregressive process, with normally distributed innovations s}’I'K (t)~iid N(O, 03[):

9 (©) = pilnd!" (t— 1) + & (©)
(Appendix.L.5)

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.L.8) defines the logarithmic deviation of the output price markup shock
IndY (t) (which directly influences the core price level), as the domestic industrial output
weighted average of the logarithmic deviation of the contemporaneous output price markup
shock for the output of the k-th industry of the i-th economy (which directly influences the
output price of the k-th industry of the i-th economy) Y2, Contribution_Y; ;In8}} (t), in order
to be consistent with the innovatively added equations characterizing industries under the
whole economy and their inter-country cross-industry input-output relations in the model:
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ln@?(t) = Zﬁil Contribution_Yi,klnﬁ?‘(k(t)
(Appendix.L.8)

Here, Contribution_Y;\ represents the proportion of the real output of the k-th industry of the
i-th economy to the real output of all industries of the i-th economy.

Equation (Appendix.L.9) shows the logarithmic deviation of the wage markup shock In9F (t)
(which directly influences the nominal wage) follows normally distributed white noise

process, and €% (t)~iid N(0, oaL):

Indl(t) = £ (1)
(Appendix.L.9)
Equation (Appendix.L.12) shows the logarithmic deviation of the liquidity risk premium shock
lm?}B (t) (which directly influences the nominal interbank loans rate) follows stationary first
order autoregressive process, with normally distributed innovations s}’l'B (t)~iid N(O, 0\2)1,3):

In9!” (t) = pislnd!” (t — 1) + &/ ()
(Appendix.L.12)

Equation (Appendix.L.13) shows the logarithmic deviation of the housing risk premium shock
Inv(t) (which directly influences both the nominal property return and the price of housing)
follows stationary first order autoregressive process, with normally distributed innovations

&l (t)~iid N(0, 02):

InoH(t) = p,ulndf(t— 1) + & (v)
(Appendix.L.13)

Equation (Appendix.L.14) shows the logarithmic deviation of the credit risk premium shock
lnﬁ}s (t) (which directly influences the nominal short term bond yield) follows stationary first
order autoregressive process, with normally distributed innovations e}’l's (t)~iid N(O, cii_s):

oL (1) = pyislnd!’ (t— 1) + &' (©)
(Appendix.L.14)

Equation (Appendix.L.15) shows the logarithmic deviation of the duration risk premium shock
InvB(t) (which directly influences the nominal long term bond yield) follows stationary first

order autoregressive process, with normally distributed innovations s}’B (t)~iid N(O, 033):

9B () = p elnoB(t — 1) + /" (t)
(Appendix.L.15)

Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.L.16) defines the logarithmic deviation of the equity risk premium shock
(which directly influences the price of corporate equity) In9$ (t) as the domestic industrial
output weighted average of the logarithmic deviation of the contemporaneous equity risk
premium shock for the k-th industry of the i-th economy (which directly influences the equity
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price of listed companies in the k-th industry of the i-th economy)
s, Contribution_Yi,kaniS'k(t), in order to be consistent with the innovatively added equations

characterizing industries under the whole economy and their inter-country cross-industry
input-output relations in the model:

Ind$(t) = Y2, Contribution_Yi,kln\”;iS’k(t)
(Appendix.L.16)

Here Contribution_Y; x represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.

Equation (Appendix.L.17) shows the logarithmic deviation of the currency risk premium
shock In9E (t) (which directly influences the nominal bilateral exchange rate, the nominal
effective exchange rate, the real bilateral exchange rate, and the real effective exchange
rate) follows stationary first order autoregressive process, with normally distributed

innovations &) (t)~iid N(0, 0%¢):

I9E () = p elndf(t— 1) + & (©)
(Appendix.L.17)

Equation (Appendix.L.18) shows the logarithmic deviation of the mortgage loan rate markup

shock ln@iCD (t) (which directly influences the domestic nominal mortgage loan rate) follows
stationary first order autoregressive process, with normally distributed innovations

" (t)~iid N(0, o%):

In9E” (6) = pyeIndC” (t — 1) + &2°° (1)
(Appendix.L.18)

Equation (Appendix.L.19) shows the logarithmic deviation of the corporate loan rate markup

shock Ind€" () (which directly influences both the domestic nominal corporate loan rate for
economy specific local currency denominated final corporate loans provided by domestic
final banks of the i-th economy to both domestic and foreign global final banks, and the
weighted average of domestic and foreign nominal corporate loan rate for the domestic
currency denominated final corporate loans issued by global final banks of the i-th economy
to firms of the i-th economy) follows stationary first order autoregressive process, with

normally distributed innovations s?C'F (t)~iid N(0, o5c):

I8 (1) = pyeIndC (t— 1) + 2" (0)
(Appendix.L.19)

Equation (Appendix.L.20) shows the linear deviation of the mortgage loan default shock
’\SM . . . .

VY (t) (which directly influences the domestic mortgage loan default rate) follows normally
distributed white noise process, and s}’S'M (t)~iid N(O, 0\2)5):

"0 ="
(Appendix.L.20)
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Compared with the corresponding equation in the original model, the innovatively modified
equation (Appendix.L.21) defines the linear deviation of the corporate loan default shock
(which directly influences both the domestic corporate loan default rate for the domestic
currency denominated final corporate loans issued by global final banks of the i-th economy
to firms of the i-th economy, and the weighted average of domestic and foreign corporate
loan default rate for the economy specific local currency denominated final corporate loans
provided by domestic final banks of the i-th economy to both domestic and foreign global
final banks) ﬁf’c (t), as the domestic industrial output weighted average of the linear deviation
of the contemporaneous corporate loan default shock for the domestic currency
denominated final corporate loans issued by global final banks of the i-th economy to firms of
the k-th industry of the i-th economy (which directly influences the domestic corporate loan
default rate for the domestic currency denominated final corporate loans issued by global
final banks of the i-th economy to firms of the k-th industry of the i-th economy)

i Contribution_Yi,k\?fli (1), in order to be consistent with the innovatively added equations

characterizing industries under the whole economy and their inter-country cross-industry
input-output relations in the model:

Giﬁc L =Yr2, Contribution_Yi_kofli ®
(Appendix.L.21)

Here Contribution_Y; , represents the proportion of the real output of the k-th industry of the i-
th economy to the real output of all industries of the i-th economy.

Equation (Appendix.L.22) shows the linear deviation of the monetary policy shock O}P ®
(which directly influences the nominal policy interest rate) follows normally distributed white

. iP ..
noise process, and s}’l (t)~iid N(0, oﬁi,p):

o' =¢"
(Appendix.L.22)

Equation (Appendix.L.23) shows the linear deviation of the public consumption shock QiGC ®
(which directly influences the public consumption) follows stationary first order

autoregressive process, with normally distributed innovations s}’G'C (t)~iid N(0, 036):

95°(0) = p,e®8 (t— 1) + &7 (0
(Appendix.L.23)

Equation (Appendix.L.25) shows the linear deviation of the corporate income tax rate shock
OiTK (t) (which directly influences the corporate income tax rate) follows stationary first order
autoregressive process, with normally distributed innovations s}’T'K(t)~iid N(0, 620):

T (®) =p0f =D+ (®
(Appendix.L.25)

Equation (Appendix.L.26) shows the linear deviation of the labor income tax rate shock
L . . . . . .

U (©) (which directly influences the labor income tax rate) follows stationary first order
autoregressive process, with normally distributed innovations s}’T'L () ~iid N(0, 62+):



142

(0 = pyedf (t— 1)+ (®)
(Appendix.L.26)

Since we want to further incorporate the structure of import tariff into this model, we also add
the import tariff rate shock to this model. The following innovatively added equation

(Appendix.L.27) shows the linear deviation of the import tariff rate shock QiTM (t) (which
directly influences the import tariff rate) follows stationary first order autoregressive process,

with normally distributed innovations £/ (t)~iid N(0, (6?"")?):

~tM T M ™™
7 (® = o - 1) + ™ ()
(Appendix.L.27)
Here p}’T represents the country differentiated coefficient for the intertemporal change of

country differentiated import tariff rate shock, c}’r'M represents the standard deviation of the

normally distributed innovations s}’T'M (t) to reflect the country differentiated tax reduction
intensity and volatility in the tariff terms of for example RCEP, which are all estimated based
on the specific tariff reduction commitments of each country.

Equation (Appendix.L.28) shows the linear deviation of the transfer payment shock 97 (t)
(which directly influences the ratio of discretionary lump sum transfer payments by the fiscal
authority to nominal output) follows stationary first order autoregressive process, with

normally distributed innovations s}’T (t)~iid N(O, o‘z)T):

0T(0) = p,roT(t—1) +€/" (D)
(Appendix.L.28)

Equation (Appendix.L.29) shows the linear deviation of the bank capital requirement shock
Vi(t) (which directly influences the regulatory bank capital ratio requirement) follows
stationary first order autoregressive process, with normally distributed innovations

&) (t)~iid N(0, 6%):

() = pyeVf(t— 1) +e/° ()
(Appendix.L.29)
Equation (Appendix.L.30) shows the linear deviation of the mortgage loan to value limit
shock \7?’ > (t) (which directly influences the regulatory mortgage loan to value ratio limit)
follows normally distributed white noise process, and s}’w (t)~iid N(O, 03¢):

Wwo=a""®
(Appendix.L.30)
Equation (Appendix.L.31) shows the linear deviation of the corporate loan to value limit shock

F
0?’ (t) (which directly influences the regulatory corporate loan to value ratio limit) follows
normally distributed white noise process, and s}’“ (t)~iid N(O, 034)):

?o=g"®
(Appendix.L.31)
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M. International Commodity Markets

Equation (Appendix.M.1) shows the logarithmic deviation of the price of internationally
homogeneous energy commodities denominated in US dollars in the international
commodity market InP) (t) not only depends on a weighted average of its past and expected
future values, driven by the world output weighted average of the logarithmic deviation of the
contemporaneous real labor cost per unit of output of any specific economy

TN, o) (an () + InL;(©) — InB(t) — InY; (t)), but also depends on the world output weighted

average of the difference between the logarithmic deviation of the contemporaneous US
dollar denominated core price level of any specific economy and the logarithmic deviation of
the contemporaneous price of internationally homogeneous energy commodities

denominated in US dollars in the international commodity market Z] 105 (lnP (t) —

lnE]-_l(t) — InPY (t)), and the world output weighted average of the contemporaneous, past
and expected future values of the logarithmic deviation of the nominal bilateral exchange

rate of the currency issued by any specific economy to US dollar Z] 10 <lnE, (1) —

BlnE’ 1t—=1) — E lnE] 1(t+ 1)) and is also influenced by the logarithmic deviation of

the contemporaneous energy commodity price markup In9Y (t), according to internationally
homogeneous energy commodity price Phillips curve:

BY( — L 1PY(r B o BY (1-w)(A-wgp) _
InPY (1) = 5 InBY (b — 1) + 1 S EdnP (64 1) + Fop R B o [(1nW(t)+1nL ®
1n§j(t)—1an(t))+AY (InBy(t) — Ik} (©) = PY(©)) + DY (©)] - ZN, ; <1nE,1(t)—

ﬁlnﬁ,—,l(t 1) — 75 EelnBj (e + 1))
(Appendix.M.1)

Equation (Appendix.M.2) shows the logarithmic deviation of the price of internationally
homogeneous nonenergy commodities denominated in US dollars in the international
commodity market InPY, (t) not only depends on a weighted average of its past and expected
future values, driven by the world output weighted average of the logarithmic deviation of the
contemporaneous real labor cost per unit of output of any specific economy

TN, o) (an () + InL;(©) — InB(t) — InY; (t)), but also depends on the world output weighted

average of the difference between the logarithmic deviation of the contemporaneous US
dollar denominated core price level of any specific economy and the logarithmic deviation of
the contemporaneous price of internationally homogeneous nonenergy commodities

denominated in US dollars in the international commodity market Z] 105 (lnP (t) —

lnE]-_l(t) InP, e(t)) and the world output weighted average of the contemporaneous, past
and expected future values of the logarithmic deviation of the nominal bilateral exchange

rate of the currency issued by any specific economy to US dollar Z] 105 <lnE, 1(0) —

ﬁlnﬁjll(t 1) — E lnE] 1(t+ 1)) and is also influenced by the logarithmic deviation of
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the contemporaneous nonenergy commodity price markup Ind¥,(t), according to
internationally homogeneous nonenergy commodity price Phillips curve:

5 1,5 B 5 (1-wie) 1-0ieB) W
lIanYe (t) = :BlnPr}{e t—-1+ :BEtlnPnYe t+1)+ Wz}il (1)]Y [(II’IV\/] )+

InL;(t) — InB(t) — In%j(¥) ) + AY (InBy(t) — Inf; 1 (6) — InPY (©)) + Inde (t)] ~ N wf (mﬁ,-,l(t) -

1 ~ ~
B t—1) - :BBEtlnEj‘l(t + 1))
(Appendix.M.2)

Equation (Appendix.M.3) requires that the world output weighted average of the linear
deviation of the ratio of the contemporaneous trade balance of any specific economy
(denominated in US dollars) to its contemporaneous nominal output denominated in US
y__ TB®

I E(0PY (OY;(0)
nominal trade flows in the international commodity markets:

dollars Z]N:l W equals 0, in order to guarantee the multilateral consistency in

N Yﬂ =
Zj=1 wj El']-(t)P]Y(t)Yj(t) h
(Appendix.M.3)

N. All Exogenous Shocks for International Commodity Markets

Equation (Appendix.N.1) shows the logarithmic deviation of the energy commaodity price
markup In9Y (t) (which directly influences the price of internationally homogeneous energy
commodities denominated in US dollars in the international commodity market) follows

normally distributed white noise process, and ng (t)~iid N(0, 0§Y,e):

IndY (1) = " (1)
(Appendix.N.1)

Equation (Appendix.N.2) shows the logarithmic deviation of the nonenergy commodity price
markup In9Y, (t) (which directly influences the price of internationally homogeneous
nonenergy commodities denominated in US dollars in the international commodity market)

follows normally distributed white noise process, and s‘,"lz(t)~iid N(O, cgy,ne):

IndY, (0) = ehe(0)
(Appendix.N.2)
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Appendix Ill: Calibration or Estimation of Parameters

In this part of the appendix, we provide users with the details around the calibration or
estimation of parameters of the AGMFM. Specifically, which parameters need to be
calibrated or estimated and what data sources are used, are described in the rest parts of
this appendix. Given the significant differences in data sources, the following first part
describes the calibration or estimation of whole-economy-level parameters, and users are
also suggested to refer to Vitek (2015, 2018) for relevant calibration or estimation details
about those whole-economy-level parameters, while the second part describes the
calibration or estimation of industry-level parameters. In fact, there is still a third category of
non-economy-specific and non-industry-specific parameters (e.g., discount factor,
consumption habitat persistence, elasticities, etc.), however, since their calibration or
estimation and their specific values are discussed in detail by Vitek (2015, 2018), we will not
repeat the same introduction here.

A. Whole-Economy-Level Parameters

Parameters that correspond to the whole economy, rather than the 45 industries under the
whole economy, are called whole-economy-level parameters. The Haver Analytics or the
CEIC database could be selected to perform the calibration or estimation of most whole-
economy-level parameters of the AGMFM.

The values of all the following five types of parameters need to be calibrated or estimated in
advance, so as to make the model ready to be directly used for simulation.

First, if n is the number of selected economies in the AGMFM, the data file should contain
all the following n*1 vectors of parameters:

D AGPYRAT, whose i-th element is assigned the ratio of the accumulated public
financial wealth possessed by the i-th economy's fiscal authority (also called the i-th
economy's net government asset) to its nominal GDP, and
AGPYRAT=BLGPYRAT+BSGPYRAT.

2) BLGPYRAT, whose i-th element is assigned the ratio of the accumulated public
financial wealth that is allocated to domestic long term bonds by the i-th economy's
fiscal authority to its nominal GDP.

3) BSGPYRAT, whose i-th element is assigned the ratio of the accumulated public
financial wealth that is allocated to domestic short term bonds by the i-th economy's
fiscal authority to its nominal GDP.

(4) CYRAT, whose i-th element is assigned the ratio of the i-th economy's real
consumption to its real GDP (expenditure-based GDP accounting).

(5) GCYRAT, whose i-th element is assigned the ratio of the i-th economy's real public
consumption to its real GDP (expenditure-based GDP accounting).

(6) GIYRAT, whose i-th element is assigned the ratio of the i-th economy's real public
investment to its real GDP (expenditure-based GDP accounting).

@) GYRAT, whose i-th element is assigned the ratio of the i-th economy's real domestic
public demand to its real GDP (expenditure-based GDP accounting), and
GYRAT=GCYRAT+GIYRAT.



(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

17)

(18)

(19)

(20)

(21)

(22)
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IHYRAT, whose i-th element is assigned the ratio of the i-th economy's real
residential investment to its real GDP (expenditure-based GDP accounting).

IKYRAT, whose i-th element is assigned the ratio of the i-th economy's real business
investment to its real GDP (expenditure-based GDP accounting).

IYRAT, whose i-th element is assigned the ratio of the i-th economy's real investment
to its real GDP (expenditure-based GDP accounting), and IYRAT=IHYRAT+IKYRAT.

MCMRAT, whose i-th element is assigned the ratio of the i-th economy's both energy
commodity type and nonenergy commaodity type real imports (also called
internationally homogeneous energy or nonenergy commodities in the international
commodity markets) to its total real imports, and MCMRAT=MEMRAT+MNMRAT.

MEMRAT, whose i-th element is assigned the ratio of the i-th economy's energy
commodity type real imports (also called internationally homogeneous energy
commodities in the international commodity market) to its total real imports.

MNMRAT, whose i-th element is assigned the ratio of the i-th economy's nonenergy
commodity type real imports (also called internationally homogeneous nonenergy
commodities in the international commodity market) to its total real imports.

MYRAT, whose i-th element is assigned the ratio of the i-th economy's real imports to
its real GDP (expenditure-based GDP accounting).

TPYRAT, whose i-th element is assigned the i-th economy's broad level of taxation
(as a proportion of the i-th economy's nominal GDP).

WA, whose i-th element is assigned the ratio of the i-th economy's capital market
capitalization to the total capital market capitalization of all n economies.

WC, whose i-th element is assigned the ratio of the domestic mortgage loan issued
by banks of the i-th economy to both domestic mortgage loan and domestic and
foreign nonfinancial corporate loan issued by banks of the i-th economy.

WLPYRAT, whose i-th element is assigned the ratio of the i-th economy's total labor
income to its nominal GDP (income-based GDP accounting).

WY, whose i-th element is assigned the ratio of the i-th economy's nominal GDP
denominated in US dollars to total nominal GDP denominated in US dollars of all n
economies.

XCXRAT, whose i-th element is assigned the ratio of the i-th economy's both energy
commodity type and nonenergy commaodity type real exports (also called
internationally homogeneous energy or nonenergy commodities in the international
commodity markets) to its total real exports, and XCXRAT=XEXRAT+XNXRAT.

XEXRAT, whose i-th element is assigned the ratio of the i-th economy's energy
commodity type real exports (also called internationally homogeneous energy
commodities in the international commodity market) to its total real exports.

XNXRAT, whose i-th element is assigned the ratio of the i-th economy's nonenergy
commodity type real exports (also called internationally homogeneous nonenergy
commodities in the international commodity market) to its total real exports.
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XYRAT, whose i-th element is assigned the ratio of the i-th economy's real exports to
its real GDP (expenditure-based GDP accounting), and
CYRAT+IYRAT+GYRAT+XYRAT-MYRAT=1.

GDP, whose i-th element is assigned the i-th economy's nominal GDP denominated
in US dollars.

Second, the data file should contain all the following n*n matrices of parameters:

(1)

(2)

3)

(4)

(5)

(6)

(7)

WB, whose i-th row and j-th column element is assigned the ratio of the i-th
economy's investment in the j-th economy's vintage diversified long term bonds to
the i-th economy's investment in all the n economies’ vintage diversified long term
bonds.

WCbi, whose i-th row and j-th column element is assigned the ratio of the i-th
economy's nonfinancial corporate lending to the j-th economy to the i-th economy's
nonfinancial corporate lending to all the n economies.

WF, whose i-th row and j-th column element is assigned the ratio of the i-th
economy's nonfinancial corporate borrowing from the j-th economy to the i-th
economy's nonfinancial corporate borrowing from all the n economies.

WM, whose i-th row and j-th column element is assigned the ratio of the i-th
economy's imports from the j-th economy to the i-th economy's imports from all the n
economies.

WS, whose i-th row and j-th column element is assigned the ratio of the i-th
economy's investment in the j-th economy's industry diversified and firm diversified
stocks to the i-th economy's investment in all the n economies' industry diversified
and firm diversified stocks.

WT, whose i-th row and j-th column element is assigned the ratio of the i-th
economy's imports and exports with the j-th economy to the i-th economy's imports
and exports with all the n economies.

WX, whose i-th row and j-th column element is assigned the ratio of the i-th
economy's exports to the j-th economy to the i-th economy's exports to all the n
economies.

Third, the data file should contain the following n*2 matrix of parameters:

(1)

LAMBDA, its i-th row and 1-st column element is assigned the i-th economy's
interbank market contagion level, the value of this element is set in the interval [1,3],
with 1 for the lowest level of interbank market contagion (for example China) and 3
for the highest level of interbank market contagion (for example the United Kingdom
and the United States), while its i-th row and 2-nd column element is assigned the i-
th economy's capital market contagion level, the value of this element is also set in
the interval [1,3], with 1 for the lowest level of capital market contagion (for example
China) and 3 for the highest level of capital market contagion (for example Brazil and
India).

For the assignments of LAMBDA, users are strongly advised to refer to the latest IMF
Annual Report on Exchange Arrangements and Exchange Restrictions (for example, IMF
2021 currently) and most of the search results from the IMF's website with "International
Financial Contagion" as the search term.
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Fourth, the data file should also contain the following n*T matrices of parameters, and T is
the number of quarters in which the user pays attention to the change of tariff rates:

(1) TARIFFRAT, whose i-th row and j-th column element is assigned the tariff rate
constant ™ for the i-th economy's imports in the j-th period.

(2) TARIFFCOEF1, whose i-th row and j-th column element is assigned the value of the
coefficient p{ in the following equation, which is specifically estimated for the change
of the tariff rate variable t™(j) for the i-th economy's imports from the (j-1)-th period to
the j-th period:

@@ =M = pF MG - 1) =) + 97 ()

3 TARIFFCOEF2, whose i-th row and j-th column element is assigned the value of the
coefficient p}’T in the following equation, which is specifically estimated for the change

of the tariff rate shock GiTM (j) for the i-th economy from the (j-1)-th period to the j-th
period:

~ATM | T M | T™M |
W =p/ 9% G-D+¢ " ()

4) SIGMA, whose i-th row and j-th column element is assigned the value of the standard
deviation of the normally distributed innovations s}’r'M (j) in the above equation, which

is also specifically estimated for the change of the tariff rate shock \7}M (j) for the i-th
economy from the (j-1)-th period to the j-th period.

The model builder downloads and further calculates the TARIFFRAT matrices of parameters
for the AGMFM, based on the tariff rate data in the annexes of the RCEP Agreement (China
FTA Network 2020). While all the above TARIFFCOEF1, TARIFFCOEF2 and SIGMA
matrices of parameters are estimated based on the period-by-period change of the above
TARIFFRAT matrices of parameters.

Fifth, since the AGMFM further incorporates the structure of international direct investment,
including the structure of FDI and ODI, the data file should additionally contain the following
n*n or n*3 matrix of parameters:

1) totalFDlIratio, whose j-th row and i-th column element is assigned the ratio of the US
dollar denominated foreign or domestic direct investment from the j-th economy to
the i-th economy to the US dollar denominated foreign or domestic direct investment
from all economies to the i-th economy.

(2) BOP, whose i-th row and 1-st column element is assigned the ratio of the i-th
economy's current account balance denominated in US dollars to the i-th economy's
nominal GDP denominated in US dollars; whose i-th row and 2-nd column element is
assigned the ratio of the i-th economy's direct investment balance denominated in
US dollars to the i-th economy's nominal GDP denominated in US dollars; whose i-th
row and 3-rd column element is assigned the ratio of the rest of capital and financial
account balance of the i-th economy denominated in US dollars to the i-th economy's
nominal GDP denominated in US dollars.

In addition, if the users find that the settings in the AGMFM related to the following four
vectors of parameters (EconomyName, ExchangeRateArrangements,

ExchangeRateAnchor, and SingleCurrencyUnion) have changed in reality, they could modify
the relevant settings in the model by themselves.
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(1) EconomyName is a text type vector, and its i-th element should be the name of the i-
th economy selected. Here it is worth noting that the 1st economy of the AGMFM is
mandated to be set to the United States, only because the quotation currency for
transactions in the foreign exchange market is issued by the United States. If the
names of some economies have changed in reality, users can modify their name text
in the model file directly.

(2) ExchangeRateArrangements is a vector with n elements, and its i-th element is the
assignment of values to the specific kind of exchange rate arrangements of the i-th
economy selected. To be more specific, the model file has assigned a value of 1 to a
free floating exchange rate and flexible inflation targeting arrangement, a value of 2
to a managed exchange rate arrangement, and a value of 3 to a fixed exchange rate
arrangement (including the situation where the economy belongs to a currency union
but is not the primary economy of this union).

3) ExchangeRateAnchor is also a vector with n elements, and only when the i-th
economy has a fixed exchange rate arrangement, and chooses the currency issued
by another economy (for this reason that economy issuing anchor currency must also
be included in this model, for example we assume it is listed as the j-th economy) as
the exchange rate anchor of its currency (including the situation where the economy
belongs to a currency union but is not the primary economy of this union, then it is
considered as if this economy chooses the currency issued by the primary economy
of this union as the exchange rate anchor of its currency), users should assign j to
the i-th element of ExchangeRateAnchor. In addition, the assignments for other
economies with either free floating exchange rate and flexible inflation targeting
arrangements or managed exchange rate arrangements can be arbitrary values,
because the assignments of these economies in the vector ExchangeRateAnchor are
not used by the model file.

4) SingleCurrencyUnion is also a vector with n elements, and only when the i-th
economy belongs to a currency union that is composed of several economies and
uses the same currency issued by the primary economy j in this union, users should
assign j to the i-th element of SingleCurrencyUnion, the assignments for other
economies can be arbitrary values since they are not used by the model file.

If the exchange rate arrangement, inflation targeting arrangement, exchange rate anchor, or
currency union arrangement of some economies have changed in reality, users should
adjust the equation (Appendix.F.1a), (Appendix.F.1b) or (Appendix.F.1c), and
(Appendix.J.1a), (Appendix.J.1b) or (Appendix.J.1c) of these economies in the AGMFM.
Please refer to the Subsection F and Subsection J in Appendix Il for more details around
these equations.

For the updates or changes of exchange rate arrangement, inflation targeting arrangement,
exchange rate anchor, or currency union arrangement of all economies covered by the
AGMFM in reality, users are strongly advised to refer to the latest Annual Report on
Exchange Arrangements and Exchange Restrictions published by the IMF (for example, IMF
2021 currently).

B. Industry-Level Parameters

Parameters that correspond to the 45 industries under the whole economy are called
industry-level parameters. The model builder currently selected the latest version ICIO tables
prepared by OECD, to perform the calibration or estimation of all industry-level parameters
of the AGMFM (OECD 2021).



150

The values of the following two types of industry-level parameters need to be calibrated or
estimated in advance, so as to make the AGMFM ready to be directly used for simulation.

First, all the following industry-level vectors or matrices should be prepared in advance, for
directly applying the complete AGMFM to various research topics:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

inputratiol, whose (45*(i-1)+k)-th element is assigned the ratio of industrial real
output minus all intermediate inputs of the k-th industry of the i-th economy to the real
output of the k-th industry of the i-th economy, in other words, it is the ratio of the
GVA part of the k-th industry of the i-th economy, produced by capital and labor as
input factors, to the real output of the k-th industry of the i-th economy.

inputratio2, whose (45*(j-1)+m)-th row and (45*(i-1)+k)-th column element is
assigned the ratio of the intermediate goods or services from the m-th industry of the
j-th economy that are adopted as intermediate inputs of the k-th industry of the i-th
economy to the real output of the k-th industry of the i-th economy.

outputratiol, whose (45*(i-1)+k)-th row and (3*(j-1)+1)-th column element is assigned
the ratio of the final goods or services from the k-th industry of the i-th economy for
private consumption of the j-th economy to the real output of the k-th industry of the i-
th economy; whose (45*(i-1)+k)-th row and (3*(j-1)+2)-th column element is assigned
the final goods or services from the k-th industry of the i-th economy for private
investment of the j-th economy to the real output of the k-th industry of the i-th
economy; whose (45*(i-1)+k)-th row and (3*j)-th column element is assigned the ratio
of the final goods or services from the k-th industry of the i-th economy for public
purchase of the j-th economy to the real output of the k-th industry of the i-th
economy.

outputratio2, whose (45*(i-1)+k)-th row and (45*(j-1)+m)-th column element is
assigned the ratio of the intermediate goods or services from the k-th industry of the
i-th economy that are adopted as intermediate inputs of the m-th industry of the j-th
economy to the real output of the k-th industry of the i-th economy.

totaloutputratio, whose k-th row and i-th column element is assigned the proportion of
the real output of the k-th industry of the i-th economy to the real output of all
industries of the i-th economy.

exportratiol, whose (45*(i-1)+k)-th row and (3*(j-1)+1)-th column element is assigned
the ratio of the exported final goods or services from the k-th industry of the i-th
economy for private consumption of the j-th economy to the total exports of the k-th
industry of the i-th economy; whose (45*(i-1)+k)-th row and (3*(j-1)+2)-th column
element is assigned the exported final goods or services from the k-th industry of the
i-th economy for private investment of the j-th economy to the total exports of the k-th
industry of the i-th economy; whose (45*(i-1)+k)-th row and (3*j)-th column element is
assigned the ratio of the exported final goods or services from the k-th industry of the
i-th economy for public purchase of the j-th economy to the total exports of the k-th
industry of the i-th economy.

exportratio2, whose (45*(i-1)+k)-th row and (45*(j-1)+m)-th column element is
assigned the ratio of the exported intermediate goods or services from the k-th
industry of the i-th economy that are adopted as intermediate inputs of the m-th
industry of the j-th economy to the total exports of the k-th industry of the i-th
economy.
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totalexportratio, whose k-th row and i-th column element is assigned the proportion of
the total exports of the k-th industry of the i-th economy to the total exports of all
industries of the i-th economy.

importratio, whose (4*n*(k-1)+j)-th row and i-th column element is assigned the ratio
of the imported intermediate goods or services from the k-th industry of the j-th
economy that are adopted as intermediate inputs for all industries of the i-th economy
to the total imports of the i-th economy from foreign k-th industry; whose (4*n*(k-
1)+n+3*(j-1)+1)-th row and i-th column element is assigned the ratio of the imported
final goods or services from the k-th industry of the j-th economy for private
consumption of the i-th economy to the total imports of the i-th economy from foreign
k-th industry; whose (4*n*(k-1)+n+3*(j-1)+2)-th row and i-th column element is
assigned the ratio of the imported final goods or services from the k-th industry of the
j-th economy for private investment of the i-th economy to the total imports of the i-th
economy from foreign k-th industry; whose (4*n*(k-1)+n+3*))-th row and i-th column
element is assigned the ratio of the imported final goods or services from the k-th
industry of the j-th economy for public purchase of the i-th economy to the total
imports of the i-th economy from foreign k-th industry.

totalimportratio, whose k-th row and i-th column element is assigned the proportion of
the total imports of the i-th economy from foreign k-th industry to the total imports of
the i-th economy from all foreign industries.

consumptionratio, whose (n*(k-1)+j)-th and i-th column element is assigned the ratio
of final goods or services from the k-th industry of the j-th economy for the i-th
economy'’s private consumption, private investment and public purchase to final
goods or services from the k-th industry of all economies including the i-th economy
for the i-th economy’s private consumption, private investment and public purchase.

totalconsumptionratio, whose k-th row and i-th column element is assigned the i-th
economy'’s private consumption, private investment and public purchase of final
goods or services from the k-th industry of all economies including the i-th economy
to the i-th economy’s private consumption, private investment and public purchase of
final goods or services from all industries of all economies including the i-th economy.

The model builder calculates all the above industry-level vectors or matrices of parameters
for the AGMFM, based on each column or each row of the latest version OECD ICIO tables.
For detailed structure of the OECD ICIO tables, please refer to the OECD webpage for more
details (OECD 2021).

Second, the following K sets of n*T matrices of parameters should also be prepared in
advance for model application, here K is the number of industries that the user pays
attention to the change of their industry-level tariff rates, and T is the number of quarters in
which the user pays attention to the change of these industry-level tariff rates:

(1)

(2)

TARIFFRATINd, whose i-th row and j-th column element of the k-th set of matrix is
assigned the tariff rate constant T?,/[k for the total imports of the i-th economy from the
k-th industry of all other economies except the i-th economy in the j-th period.

TARIFFCOEF1ind, whose i-th row and j-th column element of the k-th set of matrix is
assigned the value of the coefficient pf;\f in the following equation, which is

specifically estimated for the change of the industry-level tariff rate variable r%‘,’{((j) for
the total imports of the i-th economy from the k-th industry of all other economies
except the i-th economy, from the (j-1)-th period to the j-th period:



(3)

(4)
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TARIFFCOEF2ind, whose i-th row and j-th column element of the k-th set of matrix is
assigned the value of the coefficient p}’;M in the following equation, which is

specifically estimated for the change of the industry-level tariff rate shock 0i,r (j) for

the total imports of the i-th economy from the k-th industry of all other economies
except the i-th economy, from the (j-1)-th period to the j-th period:

~ATM . ™M _ M | ™™ .
Uik () =pik V(G- D +e O
SIGMAInd, whose i-th row and j-th column element of the k-th set of matrix is

assigned the value of the standard deviation of the normally distributed innovations
s}ff('M (j) in the above equation, which is also specifically estimated for the change of

the industry-level tariff rate shock ‘71,11\: (j) for the total imports of the i-th economy from

the k-th industry of all other economies except the i-th economy, from the (j-1)-th
period to the j-th period.

The model builder downloads and further calculates the TARIFFRATINnd matrices of
parameters for the AGMFM, based on the industry-level tariff rate data in the annexes of the
RCEP Agreement (China FTA Network 2020). The above TARIFFCOEF1ind,
TARIFFCOEF2ind and SIGMAInd matrices of parameters are all estimated based on the
period-by-period change of the above TARIFFRATInd matrices of parameters.
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Appendix IV: List of All Variables in the AGMFM

This part of the appendix lists all those economy-specific variables, economy-specific and
industry-specific variables, and international market variables, as the actual variables to be
solved in the final computable large-scale AGMFM.

In the following list, after each colon is both the specific variable contained in those
equations that constitute the final computable large-scale AGMFM in Section IV and
Appendix Il, and the brief description of this specific variable. Before each colon is the
specific code symbol corresponding to this variable in the model program, which is
convenient as an easy reference for users when they need to add various model codes to do
various types of DSGE analyses, in order to meet the needs of specific research topics.

For the meaning of the linear deviation or the logarithmic deviation of variables, please refer
to the specific explanation at the beginning of Section IV.

A. Household Sector
(2) pi_C_i : the linear deviation of the consumption price inflation & (t)

(2) P_C_i: the logarithmic deviation of the domestic currency denominated consumption
price level InP (t)

3) C_i: the logarithmic deviation of the total consumption by all three kinds of
households (bank intermediated households, capital market intermediated
households, and credit constrained households) InC;(t)

(4) C_C_i: the logarithmic deviation of the consumption by credit constrained
households InCE(t)

(5) i_A_ B _H_i: the linear deviation of the nominal property return (property balances of
bank intermediated households are distributed across the values of bank deposits

and domestic real estate portfolio) T{‘B'H (t)

(6) i_A_A_H_i:the linear deviation of the nominal portfolio return (portfolio balances of
capital market intermediated households are allocated across the values of
internationally diversified short term bonds, internationally diversified and vintage
diversified long term bonds, and internationally diversified and industry diversified

and firm diversified stocks) ™" (t)
B. Labor Supply Sector
(1) pi_W_i : the linear deviation of the nominal wage inflation 7}V (t)

(2) W _i : the logarithmic deviation of the domestic currency denominated nominal wage
ani (t)

(3) N_i : the logarithmic deviation of the total labor force InN;(t)

(4) u_L_i: the linear deviation of the unemployment rate G- (t)
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C. Construction Sector
|_H_i: the logarithmic deviation of the residential investment Ini(t)

Q_H_i: the logarithmic deviation of the domestic currency denominated shadow
price of housing InQ! (t)

iota_H_i : the logarithmic deviation of the domestic currency denominated rental price
of housing Intl(t)

H_i : the logarithmic deviation of the housing stock InH;(t)

V_H_i: the logarithmic deviation of the domestic currency denominated price of
housing InVH(t)

PI_H_i : the logarithmic deviation of the real estate developer profits InfIf (t)
D. Production Sector
pi_Y_i : the linear deviation of the output price inflation 7 (t)

P_Y_i: the logarithmic deviation of the domestic currency denominated output price
level InPY (t)

L_i : the logarithmic deviation of the employed labor force InL; ()

I_K_i: the logarithmic deviation of the business investment from the i-th economy to
the production sector of all economies including the i-th economy itself InfX(t)

Q_K_i: the logarithmic deviation of the domestic currency denominated shadow
price of private physical capital InQX(t)

u_K_i : the logarithmic deviation of the capital utilization rate InaiX(t)
K_i : the logarithmic deviation of the private physical capital stock InK;(t)

V_S_i: the logarithmic deviation of the domestic currency denominated price of
corporate equity InV;>(t)

PI_S i : the logarithmic deviation of the corporate profits InII3 (t)
Y _caret_i : the logarithmic deviation of the output gap ln§i(t)

Y_tilde_i : the logarithmic deviation of the potential output (the inferred total output
given full utilization of private physical capital, effective labor and potential-output-

level intermediate inputs from all domestic and foreign industries) lni(t)

ALPHA i : the logarithmic deviation of the labor productivity InA; (t)
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ALPHA tilde_i : the logarithmic deviation of the trend labor productivity (which
exhibits partial adjustment dynamics of labor productivity) InA; (t)

DELTA ALPHA tilde_i : the intertemporal change in the logarithmic deviation of the
trend labor productivity AlnA;(t)

E. Banking Sector

M_S i: the logarithmic deviation of the bank money stock (also called the aggregate
bank funding) InM3 (t)

B_C_B_i: the logarithmic deviation of the aggregate bank assets (also called the
bank credit stock) InB>®(t)

B_C_D_i: the logarithmic deviation of the domestic currency denominated total final
mortgage loans issued by domestic final banks of the i-th economy to domestic real

estate developers InBP(t)

B_C_F _i: the logarithmic deviation of the domestic currency denominated total final
corporate loans issued by global final banks of the i-th economy to firms of the i-th

economy InBF (1)

i_M_i: the linear deviation of the domestic nominal mortgage loan rate for the
domestic currency denominated final mortgage loans issued by domestic final banks
of the i-th economy to domestic real estate developers iM(t)

i_C_E_i: the linear deviation of the weighted average of domestic and foreign
nominal corporate loan rate for the domestic currency denominated final corporate
loans issued by global final banks of the i-th economy to firms of the i-th economy
i“E®)

i_C_i: the linear deviation of the domestic nominal corporate loan rate for the
economy specific local currency denominated final corporate loans provided by
domestic final banks of the i-th economy to both domestic and foreign global final
banks if (t)

|_B_i: the logarithmic deviation of the bank retained earnings Inif (t)

Q_B_i: the logarithmic deviation of the domestic currency denominated shadow
price of bank capital InQ® (t)

K_B_i : the logarithmic deviation of the aggregate bank capital InKE(t)
delta_B_i : the linear deviation of the bank capital destruction rate 82 (t)

delta_M_i: the linear deviation of the domestic mortgage loan default rate for the
domestic currency denominated final mortgage loans issued by domestic final banks
of the i-th economy to domestic real estate developers §M(t)
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delta_C_E_i: the linear deviation of the weighted average of domestic and foreign
corporate loan default rate for the economy specific local currency denominated final
corporate loans provided by domestic final banks of the i-th economy to both

domestic and foreign global final banks SiC'E(t)

delta_C_i: the linear deviation of the domestic corporate loan default rate for the
domestic currency denominated final corporate loans issued by global final banks of
the i-th economy to firms of the i-th economy &¢(t)

F. Foreign Exchange Sector

EPSILON_i_1 : the logarithmic deviation of the nominal bilateral exchange rate of the
currency issued by the i-th economy to US dollar (which is the quotation currency for
transactions in the foreign exchange market issued by the 1-st economy {'United
States?) InE; ; (t)

EPSILON_i_j (here j#1): the logarithmic deviation of the nominal bilateral exchange
rate of the currency issued by the i-th economy to the currency issued by the j-th
economy InE;;(t)

EPSILON_i : the logarithmic deviation of the nominal effective exchange rate of the
currency issued by the i-th economy (which is the trade weighted average price of
foreign currency in terms of the i-th economy’s currency) InE; (t)

OMEGA _i_1 : the logarithmic deviation of the real bilateral exchange rate of the
currency issued by the i-th economy relative to US dollar (which is the relative price
of the 1-st economy’s output in terms of the i-th economy’s output) InQ; ; (t)

OMEGA i : the logarithmic deviation of the real effective exchange rate of the
currency issued by the i-th economy (which is the trade weighted average price of
foreign output in terms of the i-th economy’s output) In{; (t)

G. Export and Import Sectors
X_i : the logarithmic deviation of the total exports InX;(t)
M _i : the logarithmic deviation of the total imports InM; (t)

TAU _i : the logarithmic deviation of the terms of trade (which measures the i-th
economy’s relative price of exports to imports, and also takes into account the
logarithmic deviation of the global terms of trade shifter to ensure multilateral
consistency in nominal trade flows in the international commodity markets) InT;(t)

TAU_X_i: the logarithmic deviation of the internal terms of trade (which measures
the price of exports relative to the core price level) InT¥(t)

TAU_M i : the logarithmic deviation of the external terms of trade (which measures
the post-tariff price of imports relative to the core price level) InTM(t)

pi_X_i : the linear deviation of the export price inflation 7 (t)
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P_X_i: the logarithmic deviation of the domestic currency denominated price of
exports InPX(t)

pi_M_i : the linear deviation of the post-tariff import price inflation M (t)

P_M_i: the logarithmic deviation of the domestic currency denominated post-tariff
price of imports InPM(t)

pi_Mt_i: the linear deviation of the pre-tariff import price inflation ﬁf“(t)

P_Mt_i : the logarithmic deviation of the domestic currency denominated pre-tariff
price of imports InP™7 (t)

H. Balance of Payments Sector

CA_i : the linear deviation of the ratio of the current account balance (denominated in
US dollars) to nominal output of the i-th economy denominated in US dollars

CAi(t)
E1i(OPY (DYi(D)

A_i: the linear deviation of the ratio of the contemporaneous net foreign asset
position (which equals the sum of the financial wealth of the household sector, the
construction sector, the production sector, the banking sector, the export sector, the
import sector, and the government sector of the i-th economy) to past nominal output
. Ai(v)

of the i-th economy W

TB_i: the linear deviation of the ratio of the trade balance (denominated in US
TB;(t)

dollars) to nominal output of the i-th economy denominated in US dollars FOPT OO

CFA_D _i: the linear deviation of the ratio of the direct investment balance
(denominated in US dollars) to nominal output of the i-th economy denominated in

CFAD;(t)
US dollars FOPTON®

|_K_in_i: the logarithmic deviation of the domestic and foreign business investment
for the production sector of the i-th economy Ini{*™(t)

CFA_Rest _i: the linear deviation of the ratio of the rest of capital and financial

account balance (denominated in US dollars) to nominal output of the i-th economy
CFARest;(t)

E1,i(OPY (DYi(t)

denominated in US dollars
I.  Virtual “Absorption Sector”
pi_i : the linear deviation of the core inflation 7; (t)

P_i: the logarithmic deviation of the domestic currency denominated core price level
InP;(t)

Y _i : the logarithmic deviation of the total output InY;(t)
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D_i : the logarithmic deviation of the total domestic demand InD;(t)

|_i: the logarithmic deviation of the total investment (including residential investment
for the construction sector and business investment for the production sector) Inf;(t)

J. Government Sector
i_P_i : the linear deviation of the nominal policy interest rate if (t)
kappa_i : the linear deviation of the bank capital ratio &;(t)
kappa_R_i : the linear deviation of the regulatory bank capital ratio requirement &R (t)
phi_D_i : the linear deviation of the regulatory mortgage loan to value ratio limit $P (t)
phi_F_i : the linear deviation of the regulatory corporate loan to value ratio limit ¢F (t)

G_i : the logarithmic deviation of the domestic public demand (which is the sum of
public consumption and public investment) InG; (t)

G_C_i : the logarithmic deviation of the public consumption InGE (t)

G_L_i : the logarithmic deviation of the public investment InG! (t)

K_G_i : the logarithmic deviation of the public physical capital stock InK§ (t)
tau_K_i : the linear deviation of the corporate income tax rate tX(t)

tau_L i : the linear deviation of the labor income tax rate £\ (t)

(tau_M_i - tau_tariff_constant_i) : the linear deviation of the import tariff rate (tM(t) —
™), here ™ is the tariff rate constant for the i-th economy's imports in period t

T_C_i: the linear deviation of the ratio of both nondiscretionary and discretionary
G0
PY(DYi(t)

lump sum transfer payments by the fiscal authority to nominal output

T_C_N_i: the linear deviation of the ratio of nondiscretionary lump sum transfer
payments by the fiscal authority to nominal output (a budget neutral nondiscretionary
lump sum transfer program that redistributes national financial wealth from capital
market intermediated households to credit constrained households while equalizing
TC'N(t)

steady state equilibrium consumption across households) Pyét)Y- ©

T_C_D_i: the linear deviation of the ratio of discretionary lump sum transfer
payments by the fiscal authority to nominal output (a discretionary lump sum transfer
TP (1)

program that only provides income support to credit constrained households) m

FB_i : the linear deviation of the ratio of the fiscal balance of the fiscal authority to
FB;(t)

nominal output T ov®
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PB_i : the linear deviation of the ratio of the primary fiscal balance of the fiscal
PB;(t)
PY (D)Yi(1)

authority to nominal output

T_i: the logarithmic deviation of the ratio of the tax revenue of the fiscal authority to
Ti()
PY(DYi(t)

nominal output In

A_G_i: the linear deviation of the ratio of the contemporaneous net government
asset of the fiscal authority (also called accumulated public financial wealth) to past
AF(®

nominal output sre=/ s

. Combination of Domestic Interbank, Money, Bond and Equity Markets and

International Financial Markets
i_B_i : the linear deviation of the nominal interbank loans rate i (t)

upsilon_i_B i : the logarithmic deviation of the weighted average of domestic and
foreign liquidity risk premium for the i-th economy (the above nominal interbank loans

rate is adjusted by this liquidity risk premium) lnG}B (t)
i_S_i: the linear deviation of the nominal short term bond yield 17 (t)
r_S_i: the linear deviation of the real short term bond yield 5 (t)

upsilon_i_S i: the logarithmic deviation of the weighted average of domestic and
foreign credit risk premium for the i-th economy (the above nominal short term bond

yield is adjusted by this credit risk premium) lnﬁ%S (t)
i_L_i: the linear deviation of the nominal long term bond yield i-(t)
r_L_i: the linear deviation of the real long term bond yield £} (t)

upsilon_B_i : the logarithmic deviation of the weighted average of domestic and
foreign duration risk premium for the i-th economy (the above nominal long term
bond yield is adjusted by this duration risk premium) Ino2 (t)

mu_B_i : the logarithmic deviation of the weighted average of domestic and foreign
term premium for the i-th economy Infif (t)

upsilon_S i : the logarithmic deviation of the weighted average of domestic and
foreign equity risk premium for the i-th economy (the domestic currency denominated
price of corporate equity is adjusted by this equity risk premium) In0$ (t)

i_L _E i:the linear deviation of the nominal effective long term market interest rate
(the ratio of the fiscal balance of the fiscal authority to nominal output is adjusted by

this domestic nominal effective long term market interest rate) iiL'E (t)
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L. All Whole-Economy-Level Exogenous Variables

nu_NU_i : the logarithmic deviation of the labor supply shock InoN(t) (which directly
influences the unemployment rate)

nu_C_i : the logarithmic deviation of the consumption demand shock In9¢(t) (which
directly influences the total consumption by all three kinds of households)

nu_l_H_i : the logarithmic deviation of the residential investment demand shock
lnﬁ}H (t) (which directly influences the residential investment)

nu_l_K_i: the logarithmic deviation of the business investment demand shock
lnﬁ}K(t) (which directly influences the business investment)

theta_Y_i : the logarithmic deviation of the output price markup shock IndY (t) (which
directly influences the domestic currency denominated core price level)

theta_L_i : the logarithmic deviation of the wage markup shock Ind%(t) (which directly
influences the nominal wage)

nu_i_B i: the logarithmic deviation of the liquidity risk premium shock lm?}B (t) (which
directly influences the nominal interbank loans rate)

nu_H_i : the logarithmic deviation of the housing risk premium shock lnﬁ}* (t) (which
directly influences both the nominal property return and the domestic currency
denominated price of housing)

nu_i_S i: the logarithmic deviation of the credit risk premium shock lnﬁ}s (t) (which
directly influences the nominal short term bond yield)

nu_B_i : the logarithmic deviation of the duration risk premium shock lnﬁ? (t) (which
directly influences the nominal long term bond yield)

nu_S_i : the logarithmic deviation of the equity risk premium shock In9$ (t) (which
directly influences the domestic currency denominated price of corporate equity)

nu_EPSILON i : the logarithmic deviation of the currency risk premium shock In9£ (t)
(which directly influences the nominal bilateral exchange rate, the nominal effective
exchange rate, the real bilateral exchange rate, and the real effective exchange rate)

theta_C_D i : the logarithmic deviation of the mortgage loan rate markup shock

ln@iCD (t) (which directly influences the domestic nominal mortgage loan rate for the
domestic currency denominated final mortgage loans issued by domestic final banks
of the i-th economy to domestic real estate developers)
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theta_C_F_i: the logarithmic deviation of the corporate loan rate markup shock

ln@iCF(t) (which directly influences both the domestic nominal corporate loan rate for
economy specific local currency denominated final corporate loans provided by
domestic final banks of the i-th economy to both domestic and foreign global final
banks, and the weighted average of domestic and foreign nominal corporate loan
rate for the domestic currency denominated final corporate loans issued by global
final banks of the i-th economy to firms of the i-th economy)

nu_delta_M_i : the linear deviation of the mortgage loan default shock G?M (t) (which
directly influences the domestic mortgage loan default rate for the domestic currency
denominated final mortgage loans issued by domestic final banks of the i-th economy
to domestic real estate developers)

nu_delta_C_i : the linear deviation of the corporate loan default shock O?C (t) (which
directly influences both the domestic corporate loan default rate for the domestic
currency denominated final corporate loans issued by global final banks of the i-th
economy to firms of the i-th economy, and the weighted average of domestic and
foreign corporate loan default rate for the economy specific local currency
denominated final corporate loans provided by domestic final banks of the i-th
economy to both domestic and foreign global final banks)

nu_i_P_i : the linear deviation of the monetary policy shock O}P (t) (which directly
influences the nominal policy interest rate)

nu_G_C_i: the linear deviation of the public consumption shock Ofc (t) (which directly
influences the public consumption)

nu_tau_K i: the linear deviation of the corporate income tax rate shock Q}K (t) (which
directly influences the corporate income tax rate)

nu_tau_L_i : the linear deviation of the labor income tax rate shock O}L (t) (which
directly influences the labor income tax rate)

nu_tau_M i : the linear deviation of the tariff rate shock OiTM (t) (which directly
influences the import tariff rate for the total imports of the i-th economy from the k-th
industry of all other economies)

nu_T_i: the linear deviation of the transfer payment shock 9 (t) (which directly
influences the ratio of discretionary lump sum transfer payments by the fiscal
authority to nominal output)

nu_kappa_i : the linear deviation of the bank capital requirement shock v;(t) (which
directly influences the regulatory bank capital ratio requirement)

D
nu_phi_D i : the linear deviation of the mortgage loan to value limit shock \7?’ (t)
(which directly influences the regulatory mortgage loan to value ratio limit)
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(25) nu_phi_F_i: the linear deviation of the corporate loan to value limit shock \7?’ ®
(which directly influences the regulatory corporate loan to value ratio limit)

Since the following six whole-economy-level exogenous shocks existing in the GFM
introduced in Vitek (2015, 2018) could be completely replaced by the weighted sum of the
corresponding industry-level exogenous shocks listed in the previous Section IV, they no
longer appear in the AGMFM. However, if all industry-level equations in the AGMFM are
removed to return to a simplified whole-economy-level DSGE model without the intra-
industry and inter-industry structure under the whole economy, the following six whole-
economy-level exogenous shocks should be re-added to the model, to maintain the integrity
of that simplified AGMFM.

(26) nu_ALPHA i : the logarithmic deviation of the labor productivity shock In9%(t) (which
directly influences the labor productivity and the trend labor productivity)

(27)  nu_X_i: the logarithmic deviation of the export demand shock Inv¥(t) (which directly
influences the total exports)

(28)  nu_M_i : the logarithmic deviation of the import demand shock In9M(t) (which directly
influences the total imports)

(29) theta_X_i: the logarithmic deviation of the export price markup shock Ind¥(t) (which
directly influences the domestic currency denominated price of exports)

(30) theta_M_i: the logarithmic deviation of the import price markup shock IndM(t) (which
directly influences the domestic currency denominated price of imports)

(31) nu_G_I_i:the linear deviation of the public investment shock OiGI (t) (which directly
influences the public investment)

M. All Industry-Level Endogenous Variables

(1) Y_k_i : the logarithmic deviation of the real output of the k-th industry of the i-th
economy InY;; (t)

(2) Y _tilde_k_i : the logarithmic deviation of the potential output of the k-th industry of the
i-th economy (the inferred industry-level total output given full utilization of private
physical capital, effective labor and potential-output-level intermediate inputs from all

domestic and foreign industries) lmc(i_k(t)

(3) X_k_i: the logarithmic deviation of the total exports of the k-th industry of the i-th
economy InX; . (t)

(4) M_Kk_i : the logarithmic deviation of the total imports of the i-th economy from the k-th
industry of all other economies InM; , (t)

(5) P_Y_k_i: the logarithmic deviation of the domestic currency denominated output
price level for the output of the k-th industry of the i-th economy lnﬁf{((t)



(6)

(7)
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(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)
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P_C_k_i: the logarithmic deviation of the domestic currency denominated
consumption price level in the i-th economy for the final goods or services from the
domestic and foreign k-th industry lnﬁfk(t)

pi_X_ k_i: the linear deviation of the export price inflation for the exported output of
the k-th industry of the i-th economy T/} (t)

P_X k_i: the logarithmic deviation of the price of exports for the exported output of
the k-th industry of the i-th economy lnﬁﬁ((t)

pi_M_k_i: the linear deviation of the post-tariff import price inflation for the total
imports of the i-th economy from the k-th industry of all other economies ﬁﬁ"k(t)

P_M_k_i: the logarithmic deviation of the post-tariff price of imports for the total
imports of the i-th economy from the k-th industry of all other economies 1n§i'k(t)

pi_Mt_k_i : the linear deviation of the pre-tariff import price inflation for the total

imports of the i-th economy from the k-th industry of all other economies ﬁf,’{f ®

P_Mt_k_i: the logarithmic deviation of the pre-tariff price of imports for the total
imports of the i-th economy from the k-th industry of all other economies ln'P\if\ﬁ'T(t)

(tau_M_k_i - tau_tariff_constant_k_i) : the linear deviation of the import tariff rate for
the total imports of the i-th economy from the k-th industry of all other economies
(T} (® — i), here T} is the tariff rate constant for the total imports of the i-th

economy from the k-th industry of all other economies except the i-th economy in
period t

ALPHA_k_i: the logarithmic deviation of the labor productivity for the k-th industry of
the i-th economy InA; y (t)

G_I_k_i: the logarithmic deviation of the public investment for the k-th industry of the
i-th economy InGj, (t)

K_G_k_i : the logarithmic deviation of the public physical capital stock for the k-th
industry of the i-th economy InK{ (t)

PI_S_k_i : the logarithmic deviation of the corporate profits of the k-th industry of the
i-th economy InIT3, (t)

V_S_k_i: the logarithmic deviation of the domestic currency denominated price of
corporate equity of the k-th industry of the i-th economy ani,Sk(t)

upsilon_S_k_i : the logarithmic deviation of the weighted average of domestic and
foreign equity risk premium for the k-th industry of the i-th economy (the domestic
currency denominated price of corporate equity of the k-th industry of the i-th
economy is adjusted by this industry-level equity risk premium) lnﬁﬁk(t)



(20)
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delta_C_k_i: the linear deviation of the domestic corporate loan default rate for the
domestic currency denominated final corporate loans issued by global final banks of
the i-th economy to firms of the k-th industry of the i-th economy ka(t)

N. All Industry-Level Exogenous Variables

nu_Y_input_m_j_k_i: the logarithmic deviation of the intermediate input shock for the
intermediate goods or services from the m-th industry of the j-th economy to the k-th

industry of the i-th economy 1“‘7;,(}11111—1311,11: (t) (which directly influences the quantity of

intermediate goods or services from the m-th industry of the j-th economy to the k-th
industry of the i-th economy)

nu_Y_output_all_k i: the logarithmic deviation of the output demand shock for the
intermediate or final goods or services from the k-th industry of the i-th economy that
would serve as intermediate inputs for domestic and foreign production sector or final

output goods or services for domestic and foreign absorption sector
N0} 0h s nomies () (Which directly influences the real output of the k-th industry of

the i-th economy)

nu_Y_output_m_j_k_i: the logarithmic deviation of the output demand shock for the
intermediate goods or services from the k-th industry of the i-th economy demanded

by the m-th industry of the j-th economy In9;c5 " (t) (which directly influences the

intermediate goods or services output from the k-th industry of the i-th economy to
the m-th industry of the j-th economy)

nu_Y_output_intermediate_i_k_j : the logarithmic deviation of the output demand

shock for the intermediate goods or services from the k-th industry of the j-th

. . . ~Y,output
economy demanded by all industries of the i-th economy InV; | ;o - mediate inputs (V)

(which directly influences the intermediate goods or services output from the k-th
industry of the j-th economy to all industries of the i-th economy)

nu_C_j k_i: the logarithmic deviation of private consumption shock for final goods or
services used for private consumption in the j-th economy from the k-th industry of
the i-th economy ln\A)iC’k_)j (t) (which directly influences the quantity of final goods or
services used for private consumption in the j-th economy from the k-th industry of
the i-th economy)

nu_l_j k_i: the logarithmic deviation of private investment shock for final goods or
services used for private investment in the j-th economy from the k-th industry of the
I-th economy In¥;)_,;(t) (which directly influences the quantity of final goods or
services used for private investment in the j-th economy from the k-th industry of the
i-th economy)

nu_G_j_k_i: the logarithmic deviation of public purchase shock for final goods or
services used for public consumption or public investment in the j-th economy from
the k-th industry of the i-th economy In¥;_,;(t) (which directly influences the quantity
of final goods or services used for public consumption or public investment in the j-th
economy from the k-th industry of the i-th economy)
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theta_Y_k_i: the logarithmic deviation of the output price markup shock for the
output of the k-th industry of the i-th economy ln@}fk(t) (which directly influences the
domestic currency denominated output price of the k-th industry of the i-th economy)

theta_X_k_i: the logarithmic deviation of the export price markup shock for the
exports of the k-th industry of the i-th economy lnﬁfk(t) (which directly influences the

domestic currency denominated export price for exports from the k-th industry of the
i-th economy)

theta_M_k_i : the logarithmic deviation of the import price markup shock for the
imports of the i-th economy from foreign k-th industry ln@ﬁ"k(t) (which directly

influences the domestic currency denominated import price for imports of the i-th
economy from the k-th industry of all other economies)

nu_tau_M_k_i: the linear deviation of the import tariff rate shock for the total imports
of the i-th economy from the k-th industry of all other economies 0};\3 (t) (which

directly influences the import tariff rate for the total imports of the i-th economy from
the k-th industry of all other economies)

nu_ALPHA k_i: the logarithmic deviation of the labor productivity shock for the
production of the k-th industry of the i-th economy lnoﬁk(t) (which directly influences
the labor productivity for the k-th industry of the i-th economy)

nu_G_| k_i: the linear deviation of the public investment shock for the k-th industry

of the i-th economy Gfll((t) (which directly influences the public investment for the k-th
industry of the i-th economy)

nu_S_k i:the logarithmic deviation of the equity risk premium shock for the k-th
industry of the i-th economy lnofk(t) (which directly influences the domestic currency
denominated equity price of listed companies in the k-th industry of the i-th economy)

nu_delta_C_k_i : the linear deviation of the corporate loan default shock for the
domestic currency denominated final corporate loans issued by global final banks of
the i-th economy to firms of the k-th industry of the i-th economy ﬁfﬁ(t) (which directly
influences the domestic corporate loan default rate for the domestic currency

denominated final corporate loans issued by global final banks of the i-th economy to
firms of the k-th industry of the i-th economy)

O. All Endogenous Variables for International Commodity Markets

P_Y_e : the logarithmic deviation of the price of internationally homogeneous energy
commodities denominated in US dollars in the international commodity market
InPY (t)

P_Y_ne : the logarithmic deviation of the price of internationally homogeneous
nonenergy commodities denominated in US dollars in the international commodity
market InPY, (t)



(3)

(1)

(2)
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upsilon_TAU : the logarithmic deviation of the global terms of trade shifter (which is
adopted for international trade adjustment to ensure multilateral consistency in
nominal trade flows in the international commodity markets) In0™ (t)

P. All Exogenous Variables for International Commodity Markets

theta_Y_e : the logarithmic deviation of the energy commodity price markup IndY (t)
(which directly influences the price of internationally homogeneous energy
commodities denominated in US dollars in the international commodity market)

theta_Y_ne : the logarithmic deviation of the nonenergy commaodity price markup
IndY, (t) (which directly influences the price of internationally homogeneous
nonenergy commodities denominated in US dollars in the international commodity
market)



167

References

Blanchard, Olivier. 2018. “On the Future of Macroeconomic Models.” Oxford Review of
Economic Policy 34 (1-2): 43-54.

China FTA Network. 2020. “RCEP Full Text of the Agreement: Annex |. Schedules of Tariff
Commitments.” Ministry of Commerce, People’s Republic of China.
http://fta.mofcom.gov.cn/topic/enperu_recp.shtml.

Dynare Team. 2022. The Dynare Reference Manual, version 5.1. Paris, April.
https://www.dynare.org/manual/.

International Monetary Fund (IMF). 2021. Annual Report on Exchange Arrangements and
Exchange Restrictions. Washington, DC, August.
https://www.imf.org/en/Publications/Annual-Report-on-Exchange-Arrangements-and-
Exchange-Restrictions.

Ljunggvist, Lars, and Thomas J. Sargent. 2004. Recursive Macroeconomic Theory. Third
Edition. Cambridge, Massachusetts: The MIT Press.

Lucas, Robert E. Jr. 1976. “Econometric Policy Evaluation: A Critique.” Carnegie-Rochester
Conference Series on Public Policy 1 (1): 19-46.

Organization for Economic Co-operation and Development (OECD). 2021. “OECD Inter-
Country Input-Output (ICIO) Tables and Database.” Paris, November.
http://oe.cd/icio.

Stachurski, John, and Thomas J. Sargent. 2020. “High-Dimensional Economics.”
Unpublished manuscript, June.

Vetlov, Igor, Ricardo Mourinho Félix, Laure Frey, Tibor Hlédik, Zoltan Jakab, Niki
Papadopoulou, Lukas Reiss, and Martin Schneider. 2010. “The Implementation of
Scenarios using DSGE Models.” Central Bank of Cyprus Working Paper 2010-10,
Central Bank of Cyprus, Nicosia, Cyprus.
https://www.centralbank.cy/en/publications/working-papers.

Vitek, Francis. 2015. “Macrofinancial Analysis in the World Economy: A Panel Dynamic
Stochastic General Equilibrium Approach.” IMF Working Paper 15/227, International
Monetary Fund, Washington, DC.
https://www.imf.org/en/Publications/WP/Issues/2016/12/31/Macrofinancial-Analysis-
in-the-World-Economy-A-Panel-Dynamic-Stochastic-General-Equilibrium-43369.

Vitek, Francis. 2018. “The Global Macrofinancial Model.” IMF Working Paper 18/81,
International Monetary Fund, Washington, DC.
https://www.imf.org/en/Publications/WP/Issues/2018/04/09/The-Global-
Macrofinancial-Model-45790.



http://fta.mofcom.gov.cn/topic/enperu_recp.shtml
https://www.dynare.org/manual/
https://www.imf.org/en/Publications/Annual-Report-on-Exchange-Arrangements-and-Exchange-Restrictions
https://www.imf.org/en/Publications/Annual-Report-on-Exchange-Arrangements-and-Exchange-Restrictions
http://oe.cd/icio
https://www.centralbank.cy/en/publications/working-papers
https://www.imf.org/en/Publications/WP/Issues/2016/12/31/Macrofinancial-Analysis-in-the-World-Economy-A-Panel-Dynamic-Stochastic-General-Equilibrium-43369
https://www.imf.org/en/Publications/WP/Issues/2016/12/31/Macrofinancial-Analysis-in-the-World-Economy-A-Panel-Dynamic-Stochastic-General-Equilibrium-43369
https://www.imf.org/en/Publications/WP/Issues/2018/04/09/The-Global-Macrofinancial-Model-45790
https://www.imf.org/en/Publications/WP/Issues/2018/04/09/The-Global-Macrofinancial-Model-45790

AMRO

ASEAN +3 MACROECONOMIC RESEARCH OFFICE

Address: 10 Shenton Way, #15-08
MAS Building, Singapore 079117
Website: www.amro-asia.org
Tel: +65 6323 9844
Email: enquiry@amro-asia.org
LinkedIn | Twitter | Facebook | YouTube



http://www.amro-asia.org/
mailto:enquiry@amro-asia.org
https://www.linkedin.com/company/amro-asia/
https://twitter.com/amro_asia
https://www.facebook.com/amroasean3
https://www.youtube.com/channel/UCIF5Yja7eALF3CwNdQCj1_A

	Contents
	II. Theoretical Framework 6
	A. Household Sector 6
	B. Labor Supply Sector 7
	C. Construction Sector 7
	D. Production Sector 8
	E. Banking Sector 9
	F. Foreign Exchange Sector 10
	G. Export Sector 10
	H. Import Sector 11
	I. Balance of Payments Sector 12
	J. Virtual “Absorption Sector” 12
	K. Government Sector 13
	L. Domestic Interbank, Money, Bond and Equity Markets 14
	M. International Commodity and Financial Markets 15
	III. Mathematical Model 16
	A. Household Sector 16
	B. Labor Supply Sector 25
	C. Construction Sector 26
	D. Production Sector 29
	E. Banking Sector 36
	F. Foreign Exchange Sector 43
	G. Export Sector 45
	H. Import Sector 50
	I. Balance of Payments Sector 55
	J. Virtual “Absorption Sector” 58
	K. Government Sector 62
	L. International Commodity Markets 70
	M. Combination of Domestic Interbank, Money, Bond, and Equity Markets and International Financial Markets 71
	N. Settings for Market Clearing Conditions 75
	IV. All Industry-Level Equations of the AGMFM 77
	A. Details within and Mechanisms between Industries 78
	B. Industry-Level Exogenous Shocks 91
	C. Flexibility of All Industry-Level Equations 96
	Appendix I. Model Coverage 103
	A. List of Industries 103
	B. List of Economies 104
	Appendix II: Whole Economy or International Market Equations 106
	A. Household Sector 106
	B. Labor Supply Sector 109
	C. Construction Sector 110
	D. Production Sector 111
	I. Introduction 1
	E. Banking Sector 115
	F. Foreign Exchange Sector 119
	G. Export and Import Sectors 121
	H. Balance of Payments Sector 123
	I. Virtual “Absorption Sector” 126
	J. Government Sector 128
	K. Combination of Domestic Interbank, Money, Bond, and Equity Markets and International Financial Markets 135
	L. All Whole-Economy-Level Exogenous Shocks 137
	M. International Commodity Markets 143
	N. All Exogenous Shocks for International Commodity Markets 144
	Appendix III: Calibration or Estimation of Parameters 145
	A. Whole-Economy-Level Parameters 145
	B. Industry-Level Parameters 149
	Appendix IV: List of All Variables in the AGMFM 153
	A. Household Sector 153
	B. Labor Supply Sector 153
	C. Construction Sector 154
	D. Production Sector 154
	E. Banking Sector 155
	F. Foreign Exchange Sector 156
	G. Export and Import Sectors 156
	H. Balance of Payments Sector 157
	I. Virtual “Absorption Sector” 157
	J. Government Sector 158
	K. Combination of Domestic Interbank, Money, Bond and Equity Markets and International Financial Markets 159
	L. All Whole-Economy-Level Exogenous Variables 160
	M. All Industry-Level Endogenous Variables 162
	N. All Industry-Level Exogenous Variables 164
	O. All Endogenous Variables for International Commodity Markets 165
	P. All Exogenous Variables for International Commodity Markets 166
	References 167
	I. Introduction
	II. Theoretical Framework
	A. Household Sector
	B. Labor Supply Sector
	C. Construction Sector
	D. Production Sector
	E. Banking Sector
	F. Foreign Exchange Sector
	G. Export Sector
	H. Import Sector
	I. Balance of Payments Sector
	J. Virtual “Absorption Sector”
	K. Government Sector
	L. Domestic Interbank, Money, Bond and Equity Markets
	M. International Commodity and Financial Markets

	III. Mathematical Model
	A. Household Sector
	B. Labor Supply Sector
	C. Construction Sector
	D. Production Sector
	E. Banking Sector
	F. Foreign Exchange Sector
	G. Export Sector
	H. Import Sector
	I. Balance of Payments Sector
	J. Virtual “Absorption Sector”
	K. Government Sector
	L. International Commodity Markets
	M. Combination of Domestic Interbank, Money, Bond, and Equity Markets and International Financial Markets
	N. Settings for Market Clearing Conditions

	IV. All Industry-Level Equations of the AGMFM
	A. Details within and Mechanisms between Industries
	B. Industry-Level Exogenous Shocks
	C. Flexibility of All Industry-Level Equations

	Appendix I. Model Coverage
	A. List of Industries
	B. List of Economies

	Appendix II: Whole Economy or International Market Equations
	A. Household Sector
	B. Labor Supply Sector
	C. Construction Sector
	D. Production Sector
	E. Banking Sector
	F. Foreign Exchange Sector
	G. Export and Import Sectors
	H. Balance of Payments Sector
	I. Virtual “Absorption Sector”
	J. Government Sector
	K. Combination of Domestic Interbank, Money, Bond, and Equity Markets and International Financial Markets
	L. All Whole-Economy-Level Exogenous Shocks
	M. International Commodity Markets
	N. All Exogenous Shocks for International Commodity Markets

	Appendix III: Calibration or Estimation of Parameters
	A. Whole-Economy-Level Parameters
	B. Industry-Level Parameters

	Appendix IV: List of All Variables in the AGMFM
	A. Household Sector
	B. Labor Supply Sector
	C. Construction Sector
	D. Production Sector
	E. Banking Sector
	F. Foreign Exchange Sector
	G. Export and Import Sectors
	H. Balance of Payments Sector
	I. Virtual “Absorption Sector”
	J. Government Sector
	K. Combination of Domestic Interbank, Money, Bond and Equity Markets and International Financial Markets
	L. All Whole-Economy-Level Exogenous Variables
	M. All Industry-Level Endogenous Variables
	N. All Industry-Level Exogenous Variables
	O. All Endogenous Variables for International Commodity Markets
	P. All Exogenous Variables for International Commodity Markets

	References

