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ABSTRACT

This paper proposes a floating-interest-rate infrastructure bond, where the interest of a government
bond is paid to investors during the period of construction and the early period of operation. Unlike
the usual government bond, which provides a fixed interest rate, the proposed floating-interest-rate
infrastructure bond pays a floating interest, the rate of which depends on spillover tax revenues.
Effective infrastructure projects have a positive effect on the economic growth of a region, known
as the spillover effect. When user charges and the return from spillover tax revenues are below the
fixed rate of the government bond, the interest rate will equal to the fixed rate of the government
bond. In this case, investors in the infrastructure will receive interest on the government bond
at the minimum rate. As the spillover effect of the infrastructure increases, the rate of return for
infrastructure investment will become greater than the fixed rate of the government bond. The
success of the floating-interest-rate infrastructure bond depends on the spillover effect and on
transparency and accountability. Policy recommendations are provided in this paper on how to
increase the spillover effect and improve transparency and accountability.
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usually low in developing countries. This paper proposes a floating-
interest-rate infrastructure bond, which can pay interest at the interest
rate of the government bond during the construction period and the early
operation period. The proposed floating-interest-rate infrastructure bond
implies that part of spillover tax revenues generated by infrastructure
should be shared with infrastructure investors by the government.
As spillover tax revenues rise, infrastructure investors will be able
to receive a higher return than the fixed-rate government bond. The
proposed floating-interest-rate infrastructure bond will allow for more
bankable projects in infrastructure and attract more private funds.

Evidence of spillover effect from past infrastructure projects is
provided by the literature review of some countries. Yoshino and
Pontines (2015); Yoshino and Abidhadjaev (2017a, 2017b); Yoshino,
Helble and Abidhadjaev (2018); Hyun and Yoshino (2020); Yoshino
et al. (2021); Azhgaliyeva and Kalyuzhnova (in press); and Yoshino,
Hossain and Taghizadeh-Hesary (2020) estimated the spillover effect of
infrastructure. Examples of spillover effect estimates are provided in the
literature review section of this paper. Building on the existing literature,
this paper contributes to the literature studying financing mechanisms of
infrastructure. The main contribution of this paper is that it proposes an
innovative floating-interest-rate infrastructure bond.

This remainder of the paper is structured as follows. Section 2
reviews the literature on financing infrastructure. Section 3 discusses the
need for long-term private investments. Section 4 explains a theoretical
model for an innovative floating-interest-rate infrastructure bond.
Section 5 discusses how access to finance for small businesses further
enhances the spillover effect of infrastructure investments. Section 6
discusses, concludes and provides policy recommendations.

2. Literature review

Infrastructure, such as water supply, electricity, roads, railways,
etc., is an essential part of economic growth. Infrastructure can
promote employment in a region. The COVID-19 crisis has forced
governments to increase public expenditures on public healthcare and
poverty alleviation. When revenues are not sufficient, governments
borrow, which increases public debt. In many developing countries,
infrastructure is financed from public funds. Attracting private sources
of financing in infrastructure is challenged by high upfront costs, large-
scale investments, low rates of return and high risks due to the longer
term of investment. Due to COVID-19 crisis, financing infrastructure
using public funds has become more difficult. Attracting private sources
of financing in infrastructure projects is becoming an urgent issue.
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Without private investors, some infrastructure projects will be canceled or frozen. At the same time,
demand for some infrastructure, such as telecommunications, has increased due to the COVID-19
crisis. For example, more people have started to work from home. More schools have started to
provide distance education via online platforms. Telecommunication infrastructure, such as internet
services and broadband networks, has become even more crucial.

Innovative methods for attracting private investment in infrastructure, such public-private
partnership (PPP), have been advocated in the literature for many years (Rillo and Ali, 2018;
Rowley, 2020). However, one of the main difficulties that PPPs face is the scarcity of bankable
projects due to the low rate of return from infrastructure projects that mainly depend on user
charges. Susantono, Park and Tian (2020) stated that the barriers to attracting private investments
in infrastructure include the complexity of PPP, corruption in developing countries and low rate of
return (Eusepi, Wagner and Gu, 2019). User charges for infrastructure are usually low in developing
countries, which causes a low rate of return for investors. There are internal conflicts of interest
between private infrastructure investors and governments. For governments, there is a tradeoff
between attracting private investment in infrastructure and affordability of user charges, i.e., tariffs
for electricity, water, gas, telecommunications, etc. Such conflicts of interest are especially common
in water supply infrastructure (OECD/ADBI/Mekong Institute, 2020).

The main contribution of this paper to the existing literature is that this paper proposes an
innovative method to attract private finance in infrastructure projects with an increased rate of return
by reducing the risks associated with infrastructure investments. Floating-interest-rate infrastructure
bonds, which will capture part of spillover tax revenues created by the infrastructure, can reduce the
tradeoff between attracting private investors and affordable user charges.

2.1.  Spillover effect

The ultimate goal of infrastructure investment is not just developing infrastructure by
constructing new roads, railways, electricity, etc. An effective infrastructure project not only
constructs the infrastructure but also leads to the growth of the region along that infrastructure,
such as roads, railways, water supply, electricity, etc. For example, transportation infrastructure
attracts businesses by providing faster access to the region. New restaurants could open at new
railway stations. Big opportunities for employment could be created by the new infrastructure
construction. This could lead to the development of residential areas due to employment growth.
New apartments could be constructed along the new infrastructure. Small businesses could start to
open new shops. An effective infrastructure investment means not only the physical quality of the
infrastructure but also how infrastructure helps to develop the region and the impact on employment
and poverty alleviation in the region. An effective infrastructure investment could have a significant
impact on income inequality mitigation. Transportation infrastructure allows local products, for
example, agricultural products, such as rice, vegetables and meat, to be transported to consumers
faster. Farmers could sell their crops to cities, where demand is located, that are connected by road
and railways, which will bring income to rural farmers. Fishermen could sell their fish to cities by
use of infrastructure much faster than before. This could lead to the growth of local production and
exports. These are some examples of the spillover effect of infrastructure.

A number of empirical studies have demonstrated the spillover effect of infrastructure. Yoshino
and Pontines (2015); Yoshino and Abidhadjaev (2017a, 2017b); Yoshino, Helble and Abidhadjaev
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Figure 1. Impact of highway in Manila on tax revenues.

(2018); Hyun and Yoshino (2020); Yoshino et al. (2021); Azhgaliyeva and Kalyuzhnova (in press);
and Yoshino, Hossain and Taghizadeh-Hesary (2020) estimated the spillover effect of infrastructure.
For example, Yoshino and Pontines (2015) demonstrated the spillover effect of Manila’s highway on
tax revenues. By comparing the regions which were affected by the highway in Manila, Philippines,
before and after the construction of the highway, they demonstrated the positive impact of the
highway on tax revenues in Manila. Period ¢ — 2 is the period before construction started, and ¢ —1
and ¢ are the periods of construction (Figure 1). At £+ 1, the operation of the highway started.
After four years of operation, at ¢ + 4, increments of taxes went up about three times as much as in
t — 2, before construction started. The spillover effect of the highway in Manila on tax revenues is
remarkable, which demonstrates the positive impact on the economy along this highway.

Another example of spillover effect demonstrates the impact of railways in Uzbekistan on
economic growth using the difference-in-difference method (Yoshino and Abidhadjaev, 2017a).
After the connectivity between the agricultural region and cities was completed, the growth rate of
the economy increased by 2.2 percentage points compared with the region where no railway had
been constructed (0.2 percentage points). The difference between the two regions is 2.0 percentage
points of the growth rate of the economy.

The next example of spillover effect demonstrates the positive impact of high-speed railways
in the Kyushu region in Japan on tax revenues (Yoshino and Abidhadjaev, 2017b). Corporate tax,
income tax and other tax revenues increased significantly after the completion of the high-speed
railways. The results show that tax revenues increased to JPY 194,790 million, after the construction
period, from JPY94,896 million. High-speed railways improved the connectivity of the Kyushu
region with two large cities, Osaka and Tokyo, and, as a result, attracted more businesses into the
region. Both personal income tax and corporate tax increased 7 times and 26 times, respectively,
compared with the pre-construction period. Revenues from other taxes, including property tax,
increased even during the construction period, i.e., before the connectivity of the Kyushu region
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with the two large cities (Osaka and Tokyo) were completed, due to property speculations.

The above examples of infrastructure spillover effect reveal that regional impacts of highways,
railways and high-speed railways positively affect GDP growth and tax revenues in the region
compared with regions with no such infrastructure and compared with pre-construction periods.

3. Need for long-term private investments

Figure 2 shows the percentage of public debt to GDP in selected South Asian countries. The
proportion of public debt to GDP has increased for all countries in South Asia in 2019 as compared
with 2015. It is expected to rise further post-COVID-19 crisis. As the COVID-19 crisis forces
governments to increase public expenditures on healthcare and social security, fewer funds become
available for financing infrastructure. This increases the importance of private sector participation in
financing infrastructure projects.

Insurance and pension funds choose to invest in local infrastructure if the rate of return is
sufficiently high and the risks are sufficiently low. However, currently, there is only a small
proportion of insurance and pension funds in Asia (Yoshino et al., 2020). Foreign long-term
investors could be invited to invest in infrastructure in Asia. Insurance and pension funds are long-
term investors and they do not change their portfolio based on short-term rate of return. Such patient
investors are suitable for infrastructure investments (Yoshino et al., 2020).

Infrastructure projects are usually funded by long-term fixed interest rate loans. In most
developing countries, the fixed rate of interest, 7, is high. However, as spillover tax revenues,
as shown in Figure 3, increase after Point 7, the spillover tax revenues created by infrastructure
projects are subtracted from the fixed interest loans. The real burden of infrastructure loans would
decline over time once the spillover effect of the infrastructure starts increasing. Therefore, after
Point 7, the interest burden of loans would decline, as shown in Figure 3.
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Figure 2. Percentage of public debt to GDP in South Asia.
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Figure 3. Spillover tax revenues created by infrastructure investments.

4. Floating-interest-rate infrastructure bond: The proposed model for financing
infrastructure

The period from T, to 7, is the construction period of the infrastructure, where no return from the
use of infrastructure is observed. The operation of the infrastructure starts at time T,. User charges
and spillover effect from infrastructure are not so large until Point 77, after which user charges and
50% of spillover tax return become higher than the government bond’s interest rate. Between 7, and
T;, where not enough revenues are created by the infrastructure, the interest rate of the infrastructure
bond is the same as the government bond.

From Point T3, 50% of spillover tax revenues, in addition to user charges, become larger than
the interest rate of the government bond. After this point, the floating-rate bond will start paying
a higher rate of interest than the government bond. Due to the infrastructure, when the economic
effects in the region become larger and larger, the spillover tax revenues will rise and pay a higher
rate of return to investors with the floating-rate infrastructure bond.

Investors in infrastructure will purchase floating-rate infrastructure bonds, where government
bond interest is paid during 7,—7T; and the floating interest rate becomes higher than the government
bond rate after 7;. The rate of return on the floating-rate bond is the upward-moving red line in
Figure 4.

Revenue for the issuer of floating-interest-rate infrastructure bond is generated from two sources:
infrastructure user charges and a part of spillover tax revenues. At Point 7;, these two revenues
become greater than the interest rate of the government bond. The floating-rate infrastructure bond
can pay higher interest than the government bond rate.

During the construction period (7, and 7)) and the low-return period (7, to T;), the infrastructure
bond can pay at the same interest rate of the government bond. However, when user charges
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Figure 4. The proposed floating-rate infrastructure bonds to make spillover tax return in practice.

and part of spillover tax return become greater than the interest rate of the government bond, the
floating-rate infrastructure bond will pay at a greater interest rate than the government bond.

Figure 4 shows that, over the time of infrastructure operation, new businesses come to the region
by utilizing infrastructure. New residential areas could be constructed and new businesses and new
restaurants, etc., could be established, which could increase revenues from income tax, sales tax
and corporate business tax. Spillover tax revenues could rise due to the big spillover effect created
by infrastructure development. New businesses that come to the region along the infrastructure can
create job opportunities. Access to finance for new businesses is necessary for the spillover effect.
When bank loans are not accessible or not affordable, hometown crowdfunding is one of the ways
to finance small businesses and startups, which will increase economic activities in the region along
the new infrastructure (Yoshino, 2013).

The issuer of the floating-interest-rate infrastructure bond could set a cap to the rate of return. If
the spillover effect is very large, the floating interest rate will grow. The issuer could set a cap for
the interest rate to be paid to infrastructure investors. However, the cap has to be set up by the issuer
in advance, prior to bond issuances. Otherwise, private investors would be very skeptical of the cap
level of the floating-rate bond.

Extra revenues above the cap can be kept by the issuer as reserves to fund infrastructure
maintenance and repairs due to future natural disaster damages of the infrastructure. Maintenance
and repairs are needed for infrastructure especially after natural disasters, and such costs are usually
covered by public funds.

A floating-rate infrastructure bond can be explained mathematically as follows:

(1) Construction period (period between T, and T,)

Ti
Dori Xt

t=To
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There is no revenue, and the cost is the interest payment to infrastructure bondholders, which is
at the same interest rate of the government bond (=r,).

(2) Net cost of the first operation period (period between T, and T),)

P T
Do xt —> (User Charges),

t=T t=Ti

Since the operation has started, user revenues (User Charges), which is smaller than the
government bond’s interest rate, are commencing to infrastructure operators. The cost is the interest
payment to bondholders, which is »,” multiplied by the time period from 7, to 7.

(3) Positive spillover tax revenues (period after T,)

The net cost of infrastructure equals to the interest rate payment without user charges and without
spillover tax return:

T Ts T
Do Xt =D (User Charges), D (tXaYt)x 05

=1 t=T) =1

where, Y, = F(LLK/K{) is the production function of the region along the new infrastructure, Y,
is output, L, is labor employment, K{ is private capital, K/ is infrastructure (=public capital),
Y, =221 and t X oY, is total spillover tax revenue. It is assumed that 50% of total spillover tax

RIN G .
revenues are returned to infrastructure bondholders.

5. Policy recommendations

The success of floating-interest-rate infrastructure bonds depends on the spillover effect and
on transparency and accountability. Policy recommendations are provided below regarding the
evidence of the spillover effect and of transparency and accountability.

The magnitude of the spillover effect can be increased in order to ensure the success of floating-
interest-rate bonds. Spillover effect depends on a number of factors, such as quality of infrastructure,
interconnectivity with other infrastructure with neighboring regions or countries, population density,
type of infrastructure (i.e., water supply, roads, railways, etc.), income, access to finance, education,
etc. Knowing this, governments can increase the spillover effect, for example, by improving access
to finance or infrastructure interconnectivity with other regions or countries.

For example, access to finance is necessary for the infrastructure spillover effect. Better access to
finance can increase the spillover effect. In order to create new jobs and new businesses, financing
for small- and medium-sized enterprises (SMEs) are quite important in developing countries.
However, as banks are reluctant to lend funds to SMEs (Yoshino and Taghizadeh-Hesary, 2020;
Yoshino et al., 2020), hometown crowdfunding (Yoshino, 2013) will be one of the ways to provide
finance for startups and small businesses to start their restaurants, etc., along the newly constructed
infrastructure. They will create big opportunities for the people in the region, hence enhancing the
economic growth in the region.

Connectivity of infrastructure with other neighboring regions or neighboring countries could also
increase the spillover effect. For example, in the Central Asian region, where infrastructure financing
is challenged by low population density and large distances, the spillover effect can be increased
by the interconnectivity of the infrastructure with other countries. Interconnectivity across borders
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can increase the spillover effect of infrastructure, particularly transportation infrastructure. Such
infrastructure could have a positive impact on cross-border trade and services. Such infrastructure
could also increase economic development and could increase spillover tax revenues further.

Transparency and accountability on tax revenue are necessary for attracting private investors.
The involvement of multilateral banks, such as the World Bank, the Asian Development Bank (ADB),
the European Bank for Reconstruction and Development (EBRD), etc., could play an important
role in avoiding corruption in infrastructure investment. Even a small share of involvement of
multi-lateral institutions could reduce corruption and increase transparency and accountability in
infrastructure investment Tax evasion is evident in many regions in Asia. Especially, it is difficult to
check the sales and profits of SMEs. One way to collect adequate tax revenues in Asian countries is
by the use of satellite photos. Satellite photo can assist the accuracy of tax collection by estimating
how much an agricultural track is bringing in crops each day or how many people go to a particular
restaurant every day. This may allow tax authorities to estimate the sales by farmers, shops,
manufacturing factories, etc.

6. Conclusion

This paper proposes an innovative bond, the floating-interest infrastructure bond, which could
attract private finance in infrastructure projects. This paper explains how private finance can be
channelized into infrastructure investment by the sharing of spillover tax revenues between the
government and the investors using a floating-interest-rate infrastructure bond. The private sector,
such as banks and postal banks, will develop long-term deposits to provide loans for infrastructure
development.

Unlike the usual government bond, which provides a fixed interest rate, the proposed floating-
interest-rate infrastructure bond pays a floating interest, the rate of which depends on spillover tax
revenues. When user charges and the return from spillover tax revenues are below the interest rate
of the fixed-rate government bond, the interest rate will equal to the fixed rate of the government
bond. In this case, investors in infrastructure will receive interest on the government bond at the
minimum rate. As the spillover effect of infrastructure investment increases, the rate of return from
infrastructure investment will become greater than the fixed rate of the government bond. The
government compensates for the losses by paying interest at the rate of government bond during the
infrastructure’s early stage, when no user charges are collected. The spillover tax revenues in the
latter stage can serve as a source for compensation for losses in the first period.

Spillover effect depends on a number of factors, such as quality of infrastructure, inter-
connectivity with other infrastructure with neighboring regions or countries, population density,
type of infrastructure (i.e., water supply, roads, railways, etc.), income, access to finance, education,
etc. Thus, governments can increase the spillover effect of infrastructure.

Transparency and accountability of infrastructure project and tax revenue are necessary for
attracting private investors. In order to improve transparency and accountability, governments
could work on infrastructure projects with multilateral institutions. Such institutions could play an
important role in avoiding corruption and improving transparency and accountability.
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