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Economic Model with AI & DX
(1)Households: Welfare increase

U (C, H): Increase by Remote ork and AI
sub. to   C + PHH + S = wL+rSt-1-TAX

(2)Production Sector: Productivity increase
Y=F(AkK, AL,L)     Technological Progress

(3)Government Sector: Better efficiency
G=TAX+GB Efficient Government
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2, Spillover Effects of Public Utilities

Increase of Spillover Tax Revenues 

School

Manufacturing
6

New Housing & Offices
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Economic Effects of Infrastructure 
Effects on  GDP
L= Labor Agricultural sector
Kp = Private Capital      Manufacturing sector
Kg = Infrastructure         Services’ sector

(GDP)  Y =  F (Kp, L, Kg, )

7

Increase in Tax Revenues
Property Tax, Corporate Tax

Income Tax,  Sales Tax
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𝑌𝑌 = 𝐹𝐹(𝐾𝐾𝑃𝑃 ,𝐿𝐿,𝐾𝐾𝐺𝐺) (1) 
Where Kp is private capital, L stands for labour and KG is stock 
of infrastructure investment. The general type of production 
function is a translog production function. 

ln𝑌𝑌 = 𝛼𝛼0 + 𝛼𝛼1 ln𝐾𝐾𝑃𝑃 + 𝛼𝛼2 ln𝐸𝐸 +  𝛼𝛼3 ln𝐾𝐾𝐺𝐺 + 𝛽𝛽1
1
2

(ln𝐾𝐾𝑃𝑃)2 + 𝛽𝛽2 ln𝐾𝐾𝑃𝑃 ln𝐿𝐿 + 𝛽𝛽3 ln𝐾𝐾𝑃𝑃 ln𝐾𝐾𝐺𝐺

+ 𝛽𝛽4
1
2

(ln 𝐿𝐿)2 + 𝛽𝛽5 ln𝐿𝐿 ln𝐾𝐾𝐺𝐺 + 𝛽𝛽6
1
2

(ln𝐾𝐾𝐺𝐺)2 
(2) 

In Equation (3), the first term on the right comes under the 
direct effect, where an increase in marginal productivity is due 
to new infrastructure investment. The second term is the 
spillover effect regarding the private capital, and the third 
represents the spillover effect related to the labour input. The 
productivity effect of infrastructure is expressed in marginal 
productivity. 

𝑑𝑑𝑑𝑑
𝑑𝑑𝐾𝐾𝐺𝐺

=  
𝜕𝜕𝜕𝜕(𝐾𝐾𝑃𝑃 ,𝐿𝐿,𝐾𝐾𝐺𝐺)

𝜕𝜕𝐾𝐾𝐺𝐺
+
𝜕𝜕𝜕𝜕(𝐾𝐾𝑃𝑃 ,𝐿𝐿,𝐾𝐾𝐺𝐺)

𝜕𝜕𝐾𝐾𝑃𝑃
𝜕𝜕𝐾𝐾𝑃𝑃
𝜕𝜕𝐾𝐾𝐺𝐺

+
𝜕𝜕𝜕𝜕(𝐾𝐾𝑃𝑃 ,𝐿𝐿,𝐾𝐾𝐺𝐺)

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
𝜕𝜕𝐾𝐾𝐺𝐺

 (3) 

 

Yoshino, Naoyuki, Masato Abe, and Hoa Thi Truong (2024), Enhancing private 
infrastructure financing through capturing spillover effect: Conceptual development and 
an empirical case study of Vietnam’s expressways, Journal of Infrastructure, Policy and 
Development 2024, 8(1), 3100. https://doi.org/10.24294/jipd.v8i1.3100
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Yoshino, N., S. Lakhia, and J. T. Yap. (2021). “Financing 
Sustainable Infrastructure Investment in ASEAN+3”. in 
Guinigundo, D., Kawai, M., Park, C. Y., Rajan, R. S. 
Redefining Strategic Routes to Financial Resilience in 
ASEAN+3. Manila, Philippines, ADB.
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Give Incentives to Infrastructure Developers 
to increase regional economic impacts



Indian GSM (Global System for 
Mobile Communications) 

SMIS
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Pricing of Utilities -- Full Cost Recovery 
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Total Fee Revenue = PuGu = 2513843 (million US$)

Total  Costs = C(Gu) = 9708000 (million US$)

Current Price             = (9708/2513)x3.86



�π =P𝒖𝒖 Gu －C(Gu ) + SUB
where SUB is the subsidy from the general budget to the public utility company.

The government can provide subsidies to keep the user fees 𝒂𝒂𝒂𝒂 a low level.
�Pu= C(Gu)ーSUB

Gu

The user price of public utility after the injection of the subsidy
The user price of the public utility will become as follows

when part of the spillover tax revenues were returned.

Pu∗∗=
C(Gu)ーθ{tΔY(K,L,KG)}

Gu

The user price of public utility by taking account of spillover tax return
If the spillover effects of the public utility would be large,

the user price Pu∗∗ will be lower than the original price of the public utility.
Pu∗∗ <Pu
Pu∗∗<�PuProposed Pricing
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3,  Recommended Fiscal Policy in Asia

Impact of Fiscal Policy: Keynesian Multiplier

Government Spending 
 New Job Creation
 Reduction of unemployment
 Increase in income
 Rise in Consumption
 Fiscal Multiplier Effects

1
1

Y G
c

∆ = ∆
−
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Singapore Economic Review, 2024
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Comparison of Various Fiscal Policies
1, Government Consumption               3, Public Investment
2, One-time Transfer               4, R&D Expenditure
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22(Source: IMF)



Comparison of the Fiscal Budget: 1990 and 2024
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(Source: Ministry of Finance, Japan)



Domar Condition:  Fiscal Sustainability

Interest Rate (rt) > growth rate of the economy(η)   Unstable
Interest Rate (rt)< growth rate of the economy(η)   Stable

The Domar condition is often used to judge whether the budget deficit is sustainable. The 
Domar condition is obtained from the government budget constraint: 

 
where G_{t} is government spending, B_{t} is the stock of public debt, T_{t} is total tax 
revenues, and r_{t} is the interest rate for public debt. By dividing (1) by GDP Y_{t}, we 
can obtain 
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Stable
Debt
Explosion

time time

Interest rate (r) ≶Economic Growth (g)

r<g r>g

△b＝Δ(B/Y)

Fiscal Sustainability:  Domar condition

△b
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World Bank, Uneven Recovery, April 2021
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(Source: World Bank)



27



28



29



JGB Holders
2013 and     2024
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(Source: Ministry of Finance, Japan)
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(Source: Ministry of Finance, Japan)



32(Source: Ministry of Finance, Japan)
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Very High
Debt /GDP

International
Comparison

36(Source: OECD)
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Results of the Baseline ModelPopulation aging weakens the impact of the 
government spending policy (Fiscal Policy).
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Note: t=0 is the year of the shock. Dashed lines denote 90 percent confidence bands. An economy is 
regarded as aging if its old age dependency ratio exceeds the mean of 23.5 percent. 38



Reduced Effectiveness of Fiscal Policy 

Working Population:
 Fiscal policy creates new jobs
 Unemployment rate declines
 Consumption will rise

Retired population:
 Not affected by fiscal policy 
 Consumption remains the same
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Effects of Expansionary Monetary Policy

Working Population
Monetary policy increases investment
 Wages will rise
 Consumption will rise

Retired Population
 Relies on pensions and social welfare
Monetary policy does not affect retirees 
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Source: Yoshino and Miyamoto (2016). 

41

Recommended 
Policy
Productivity 
based wage 
rate and 
postpone 
retirement age 
Yoshino-Miyamoto
(2017)  Japan and the World 
Economy
Yoshino-Farhad-Miyamoto 
(2017) Credit and Capital 
Markets



Elderly Assistance by AI and Robots
70% of Japanese want to work
Productivity based wage rate
Experiences can be transferred
Overall views by senior staff
Youngers views are important too
Elderly Care Facilities
Toilet,  Bathing into Bath (new technology)
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Possible Solutions
by use of community funds

For Risky businesses

Hometown Investment Trust Funds
-----------------------------------
A Stable Way to Supply Risk Capital 
Yoshino, Naoyuki; Kaji Sahoko (Eds.), 2013, 43



Financing Scheme for Renewable Energy Projects 
Using HITs and Carbon Tax

HIT = Hometown Investment Trust Fund.
Source: Authors.
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Subsidies
From TAX on CO2

Spillover Tax revenues



Solar Power projects in Japan
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(Source: Internet)



Scheme of Financing Solar Power Panels 

Local Government
Subsidies    (2/3)

Private Individuals 
Hometown Trust 

Funds
1000 US$ – 5000 US $

Power
Company

377 
Solar power 

plants
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Various Policy Tools
to Achieve Green Economy

1,  Green Credit Rating (ESG Rating)
2,  Carbon Pricing and Carbon Trading
3,  Green Bonds
4,  Carbon Tax
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Carbon Supply & Demand
S=s0+s1P+ΔX (Supply)
D=d0+d1P-ΔX (Demand)
ΔX＝(Cap-Actual emission)

Equilibrium Carbon Price

(d0-s0)-2ΔX
P=

(s1+d1)
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International Capital 
Market Associations



Example of Green Building in Japan

52

Several Buildings were constructed by issuing
Green Bonds

(1) How much CO2 to cut?
20% cut,    30% cut  etc.

(2) Energy efficient elevators
(3) Better ventilation of air quality



Policies based on CO2 Emissions
1, Green Credit Rating:  Based on CO2 emissions

AAA,  AA,  A,  BBB,  BB,   B,  CCC,  CC,  C = θx(CO2)
2, Carbon Tax

Tax rate x CO2 = t x (CO2)
3, Green Bond Rating:  Based on CO2 emissions

AAA,  AA,  A,  BBB,  BB,   B,  CCC,  CC,  C = θx(CO2)
4, Set up the ceiling of the amount of CO2 emissions

Carbon Trading and Carbon Pricing 
Carbon pricing will become identical to the Tax rate
P x（CO2）
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Green
Credit
Rating

Carbon 
Tax

Green 
Bond

Carbon 
Pricing

⍬× (CO₂） 𝒕𝒕× (CO₂) ⍬×(CO₂) 𝑷𝑷 =
(𝒅𝒅𝟎𝟎−𝑺𝑺𝟎𝟎) − 𝟐𝟐ΔX

(𝒅𝒅𝟏𝟏+𝑺𝑺𝟏𝟏)
Pｘ(CO₂)

Measure of the Amount of CO2 Emissions
α ｘ (CO2)
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*

Pr : ( , 2) ( , )
Pr :

: interest rate+risk factor
In the case of Environmental credit rating and green bonds, 
risks are added to the rate of intrest.
The profit o

oductionFunction g Y CO F K L
ofit PY rK wL

where r r
π

=
= − −

= +σ =

*

*

*

f the company can be expressed as follows.
( )

:

by setting the risk (  is measured 
by the amount of CO2 emission per Capital (K),

2( )

The profit of the compan

Y

Y

P Y r K wL
where r r

P Y r K K wL

CO
K

π

π
σ

σ θ

= − +σ −

= +σ

= − −σ −
)

=

*

*

*

y can be expressed as follows:
2( )

( 2)
.............  Credit Rating and Green bonds

( 2).............Carbon 

Y

Y

Y

COP Y r K K wL
K

P Y r K wL CO
Carbon

P Y r K wL P CO

π θ

π θ

π

= − − −

= − − −

= − − −
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*

*

*

by setting the risk (  is measured 
by the amount of CO2 emission per Capital (K),

2( )

The profit of the company can be expressed as follows:
2( )

( 2)

Y

Y

Y

P Y r K K wL

CO
K

COP Y r K K wL
K

P Y r K wL CO

π
σ

σ θ

π θ

π θ

= − −σ −
)

=

= − − −

= − − −

*

*

.............  Credit Rating and Green bonds
( 2).............Carbon Price

( 2)...............  Tax
These three equations show mathematically, the carbon credit ra

Y

Y

Carbon
P Y r K wL P CO
P Y r K wL t CO Carbon

π

π

= − − −

= − − −
ting, 

green bonds, carbon pricing and carbon tax will lead to
 the identical cost to the firm.



Gains and Costs
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Equipment to Measure CO2 Emissions in Japan
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70 US $ 55  US $ 40  US $



Scope1, Scope2 and Scope3: Value Chain
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Scope 3

InputsY
CO2
Tax 



Global Value Chain--- Scope 1, 2 and 3

g1(CO2, Y1)=F1(K, L, X)    Scope 1

g2 (X,CO2)=F2
(K, L)

Scope 2
g3(CO2, Y3)=F3(Y1,K,L)                

Scope 3
60



Thank you for your attention
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