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Executive Summary

This study examines whether capital charges for infrastructure debt should be lower than the charges currently
required by the Solvency II and IAIS regulatory frameworks. This question is important as (i) infrastructure
investment is widely viewed as a key component of economic development and (ii) historical data on
infrastructure debt strongly suggests that this class of corporate debt is much less risky than, for example,
corporate bonds.

The European Authorities regarded the issue as so important that they reopened the calibration of the Solvency
II charges late in the development of that framework and adopted somewhat lower charges for a restricted
category of infrastructure debt. So far, the IAIS in developing its International Capital Standard (ICS) has not
made any concession to the low credit risk nature of infrastructure loans.

This report revisits the calibration of Solvency II and the ICS, deducing capital charges for credit exposures with
the superior credit performance of infrastructure loans. The calibration approaches adopted are designed to be
as close possible in spirit and approach to those apparently used by the regulatory authorities (EIOPA in the
case of Solvency II and the IAIS in the case of the ICS).

For the ICS charges, we perform a bottom up calibration using variants of the modelling approach (based on a
well-known paper by Vasicek (2001)). For the Solvency II charges, we suppose that the current framework is
correctly calibrated for corporate bond claims and then calculate what would be appropriate capital charges for
other debt claims that have the historical credit performance observed for different categories of infrastructure
loans. In both analyses, we build on past work by Jobst (2018) who studies infrastructure risk and capital
charges in some detail.

An important aspect of the Solvency II capital charges is that they include a diversification adjustment that is
specific to the balance sheet of the insurer performing the calculation. We calculate capital charges (i) for a
purely specialist insurer only holding corporate debt and (ii) for a typical European life insurer with a balance
sheet investigated in past studies by us and other authors (see Horing (2012) and Kutas, Perraudin and Qiu
(2016)).

The key findings of our study are as follows.

e Both before and after diversification adjustments, Solvency II capital charges for infrastructure are
about a third higher than is justified by a careful recalibration consistent with the methods of the
EIOPA approaches.

e This statement is true both for High Income Country (HIC) and Medium and Low-Income Country
(MIC/LIC) infrastructure loans.

e Applying the TAIS approaches to capital charge calibrations using historical default probability and
recovery data, one obtains charges for infrastructure loans that are between two thirds and three
quarters lower than those included in the ICS (depending on the calibration methodology employed).

e The big difference between current ICS charges and those merited by infrastructure loans is explained
by assumptions about Loss Given Default (LGD) rates which are much lower for infrastructure loans
than for most corporate debt claims.

e Historical data show that infrastructure loans originated in MIC/LICs exhibit a credit performance that
is no worse than that of infrastructure loans originated in HICs.

e Hence, there is no justification in regulatory frameworks to treat these categories of loan differently.
Both categories exhibit performance that is substantially superior to that of corporate bonds, however.

The policy implications of our analysis are that regulators should require lower capital charges for

infrastructure debt than for corporate bonds and should not differentiate between infrastructure debt
originated in HICs and MIC/LICs
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1. Introduction

Recently introduced regulatory frameworks have significantly affected the capital that insurers must hold
against particular exposure types and, hence, their willingness to invest. Notable regulatory initiatives include
the Solvency II framework which came into force in Europe in January 2016. This applies to all insurers and
reinsurers head-quartered in the European Union (EU) with annual premium income exceeding €5 million.
Another framework is the ambitious package of measures and rules for internationally active insurers
introduced in November 2019 by the International Association of Insurance Supervisors (IAIS). If adopted by
national governments, the IAIS framework will harmonise solvency regulation across many jurisdictions,
probably affecting domestically focussed insurers as well as those that operate internationally.

As shown in Levy (2017), infrastructure projects are a key contributor to economic growth and development. So
much so that the success or otherwise of the United Nations 2030 Vision for development is likely to depend on
the ability of Emerging Market Economies (EMEs) to mobilise financing for infrastructure investment. Official
sources of development finance such as Multilateral Lending Institutions (MLIs) and donor governments have
only limited fire power. Achieving the requisite higher levels of infrastructure investment will, therefore, only be
achievable with substantial participation by private-sector savings institutions.

Will these savings institutions be able to provided substantially greater infrastructure financing in the current
regulatory landscape? For this to happen will require significant investment by insurers which in many
advanced economies control a large fraction of institutional savings. Karapiperis (2017) points that many
insurers possess long-dated liabilities, natural hedges for long-tenor infrastructure debt. The relatively low risk
nature of infrastructure debt also matches the limited risk appetite of many insurers.

But the participation of insurers as investors in infrastructure debt is in doubt because of the conservatism of
regulatory rules. Concerns that the Solvency II rules were overly conservative for infrastructure debt led the
European Insurance and Organisational Pension Authority (EIOPA) (tasked by the European authorities with
calibrating the capital charges) to introduce concessions relatively late in the calibration process. The ICS
proposed by IAIS currently makes no concessions to the relatively low risk nature of infrastructure debt,
treating them as equivalent to other corporate debt.

This paper! examines the grounds on which regulators have set capital charges and whether they are
commensurate with risk. This paper examines the calibration of capital charges for infrastructure debt implicit
in (i) Solvency II and (ii) the International Capital Standard (ICS) developed by IAIS. Below, we use data from
Moody’s to perform a differentiated calibration of insurer capital charges, following the methodologies
employed by EIOPA and IAIS as far as these can be established from public information. The Moody’s data
show that the historical credit performance of infrastructure debt compares favourably with corporate debt.
Default probabilities are low and Loss Given Default (LGD) rates are low.

The capital charges that we calculate are markedly lower than those currently employed in Solvency II and the
ICS, about one third lower in the case of Solvency II and between two thirds and three quarters lower in the
case of the TAIS charges (depending on the calibration methodology employed).

Note that the Solvency II calibration we perform assumes that the charges for corporate bonds are correctly
calibrated and then assesses charges for infrastructure debt which typically perform better in credit terms than
corporate bonds. It may be that Solvency II charges for corporate bonds are themselves too high. Horing (2012)
notes that market risk capital requirement for a typical life insurance investment portfolio with Solvency II is
68% higher than that with S&P rating model. We do not investigate this possibility in the current study,
however.

Our analysis builds on the extensive study of infrastructure debt capital charges by Jobst (2018). That study
performs calibrations of insurer capital charges under both Solvency IT and IAIS rules. We consider several
calibration approaches, some of which resemble those of Jobst. Exactly reconciling calibrations is challenging
since some assumptions and data sources are unclear. We believe that our calculations (under our ‘Method 2°)
when performed with the same data are consistent with the TAIS calibration performed by Jobst, however.2

1 This study was commissioned from Risk Control by Global Infrastructure Hub.
2 A note on this reconciliation is available from the authors upon request.
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The study is organised as follows. Section 2 presents information on the historical credit performance of
infrastructure debt broken down according to geographical region and rating (where available). Section 3
describes the methodologies employed in calibrating capital charges. Section 4 presents results. Section 5
concludes. An appendix contains technical information on the calibration methodologies.

2, Credit Performance and Capital Charges

2.1 Current Regulatory Stress Factors

Table 1 presents the current regulatory capital charges under Solvency II. The charges are specified in terms of
per-year-of-duration risk factors for each rating grade or unrated categories (Public Private Partnership (PPP)
transactions or not). The upper part of Table 1 shows the risk factors for Corporate Debt Securities and Bank
Loans. These were reduced for higher-quality, rated infrastructure bonds and loans and for unrated PPP
exposures at a late stage in the Solvency II calibration. The lower infrastructure risk factors appear in the n
bottom half of Table 1. One may observe that the adjustment for unrated infrastructure consists of a reduction
of no more than a sixth for PPP exposures and that unrated, non-PPP loans receive no concessions at all. For
some rated infrastructure exposures, the reduction is capital is more substantial, amounting to about a quarter
decrease for exposures for Credit Quality Step (CQS) 3 (corresponding to an agency letter grade of BBB or Baa.

Table 1: Current Regulatory Capital Charges (Solvency II, Standard Formula) (%)
Corporate Debt Securities and Bank Loans

Credit Quality Step (CQS) Unrated
Duration (yrs) 0 1 2 3 4 >5 Not PPP  PPP only
upto5 0.9 1.1 1.4 2.5 4.5 7.5 3 3
5t0 10 0.5 0.6 0.7 1.5 2.5 4.2 1.7 1.7
10to 15 0.5 0.5 0.5 1 1.8 0.5 1.2 1.2
15t0 20 0.5 0.5 0.5 1 0.5 0.5 1.2 1.2
>20 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Adjusted Risk Factors for Infrastructure Investment ('Solvency Il Amendment') [EEA or OECD]

Credit Quality Step (CQS) Unrated
Duration (yrs) 0 1 2 3 4 >5 Not PPP  PPP only
upto5 0.7 0.8 1.1 1.9 - --- 2.5
5to 10 0.4 0.5 0.5 1.1 - --- 1.5
10to 15 0.4 0.4 0.4 0.8 -—- - 1.0
15t0 20 0.4 0.4 0.4 0.8 - --- 1.0
>20 0.4 0.4 0.4 0.4 - --- 0.5

Note: Risk factors for fixed income (debt securities and lending) investment come from the Solvency II SCR Standard Formula
of the Spread Risk Sub-Module (European Commission, 2015). This is amended by EU Regulation 2016/467 (European
Commission, 2016) and EU Regulation 2017/1542 (European Commission, 2017). The reduced capital charges specified there
(e.g., 20.0 percent in lieu of 23.5 percent over 10 years) apply to qualifying infrastructure investment in EEA and OECD
countries (“EEA or OECD”) but only if the exposure is rated “Baa/BBB” (CQS=3) or higher or are Public Private Partnership
(PPP) exposures. For unrated qualifying infrastructure investment, the original risk factors for “Baa/BBB”-rated corporate
exposures apply. For the calibration of the reduction factors, the credit performance of PPP projects in EEA and OECD
countries was used (EIOPA, 2013 and 2015)

Translating the risk factors shown in Table 1 into capital charges is slightly complicated in the sense that they
must be cumulated up for each year of duration with different factors applied to years 1 to 5 and 6 to 10, for
example, for an exposure of duration 10 years. To show the capital charges implied by the Table 1 risk factors,
we present in Table 2 the regulatory capital charge for different maturities.

The charges appear conservative for longer maturity exposures in that a 10-year duration AAA-rated exposure
has a capital charge of 7% while a BBB-rated exposure has a charge of 20%. Within the Solvency II framework,
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these charges are mitigated with a second stage calculation in which allowance is made for diversification across
asset classes. This second stage of the capital calculation depends heavily on the allocation of an insurer’s assets
but for a representative insurer might lead to a reduction in effective risk charges of about 50%.

One may observe from Table 2 how regulators place unrated in the credit quality scale. A 10-year corporate
exposure has charge of 23.5% which lies between the charges associated with Baa and Ba of 20% and 35%.
Hence, regulators regard unrated as comparable to a low Baa exposure. A 10-year Baa PPP infrastructure loan
has a charge of 20%, i.e., comparable to a Baa corporate exposure. A 10-year unrated, non-PPP, infrastructure
loan enjoys no concession for its infrastructure status and, hence, has a capital charge of 23.5%

Table 2: Current Regulatory Capital Charges (Solvency II, Standard Formula) (%)
Debt Securities and Bank Loans

Moody's Duration (yrs)
CQS Rating 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 Aaa 09 18 27 36 45 50 55 60 65 70 75 80 85 90 95
1 Aa 1.1 22 33 44 55 61 67 73 79 85 90 95 10.0 10.5 11.0
2 A 1.4 28 42 56 70 77 84 91 98 105 11.0 11.5 12.0 125 13.0
3 Baa 25 50 75 10.0 125 14.0 155 17.0 185 20.0 21.0 22.0 23.0 24.0 25.0
4 Ba 45 9.0 13.5 18.0 22.5 250 27.5 30.0 32.5 350 36.8 38.6 40.4 42.2 44.0
>=5 Borlower 7.5 15.0 22.5 30.0 37.5 41.7 459 50.1 54.3 585 59.0 59.5 60.0 60.5 61.0
Unrated 30 6.0 9.0 12.0 150 16.7 184 20.1 21.8 23.5 247 259 27.1 283 29.5

Adjusted Risk Factors for Infrastructure Investment ('Solvency Il Amendment') [EEA or OECD]

Moody's Duration (yrs)
CQS Rating 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 Aaa 07 14 20 27 34 38 41 45 49 53 56 60 64 68 7.1
1 Aa 08 17 25 33 41 46 50 55 59 64 68 71 75 79 83
2 A 1.1 21 32 42 53 58 63 68 74 79 83 87 90 94 98
3 Baa 19 38 56 75 94 105 117 128 139 150 15.8 16.5 17.3 18.0 18.8
4 Ba --- --- -- -- - e - - - - -- -- - - --
>=5 Borlower ---  --= == oo eemeem e e e e e e e --
Unrated PPPonly 25 50 75 10.0 125 14.0 155 17.0 185 20.0 21.0 22.0 23.0 24.0 25.0

Note: CQS stands for Credit Quality Step. The capital for different duration is calculated based on the data in Table 1.

Table 3: Credit Risk Stress Factors for Corporate and Reinsurance (IAIS) (%)

ICS Moody's Maturity (yrs)

RC Rating 1 2 3 4 5 6 7 8 9 10 11 12 13 14 >14
1 Aaa 02 07 09 12 14 16 1.7 19 20 21 22 23 24 24 25
2 Aa 02 07 09 12 14 16 1.7 19 20 21 22 23 24 24 25
3 A 06 13 16 18 21 23 26 28 3.0 32 33 34 35 36 3.7
4 Baa 14 30 36 41 45 49 51 53 54 56 57 58 59 60 60
5 Ba 36 71 83 90 94 97 98 98 98 98 98 98 98 98 98
6 B 8.9 14.4 15.3 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6
7 CCcc/cC 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0 35.0
Unrated 6.3 10.7 11.8 12.3 12.5 12.6 12.7 12.7 12.7 12.7 12.7 12.7 12.7 12.7 12.7

Note: ICS RC stands for the ICS Rating Category. The data is from Table 35 in IAIS (2017).

Table 3 presents the credit risk charges proposed by the IAIS under its International Capital Standard (ICS)
rules. These make no concession for infrastructure debt exposures. The IAIS charges appear lower than the
charges implied by the Solvency II risk factors. For example, 10-year maturity exposures with ratings Aaa, A,
Baa and B have charges of 2.1%, 3.3%, 5.7% and 15.6% compared to 7%, 10.5%, 20% and 58.5%. As already
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explained, the substantial difference in levels reflects the fact that the latter are subject to a second-stage capital
diversification adjustment that may halve charges depending on the nature of the insurer’s asset allocation
across exposure classes.

2.2 Data Inputs

The issue we examine in this study is whether the capital charges that regulators require for infrastructure
investments are appropriate given the nature of their risks. We shall consider in a subsequent section how the
above capital charges have been calibrated but before that, one may compare the credit performance of
infrastructure bonds and loans with that of more general corporate debt exposures.

Moody’s publish statistics on the historical credit performance of both general corporate exposures (mainly
publicly issued bonds) and infrastructure debt. The latter data are available from Moody’s publications because
of the role the agency plays as the administrator of a consortium dataset to which many large financial
infrastructure debt investors contribute.

Table 4 presents the cumulative default rates published by Moody’s (2019) on corporate bond issuers. The data
come from the sample period 1983 to 2018. One may observe that the default probability for Aaa-rated
exposures is extremely small, being no more than 0.1% for a 10-year maturity. For A and Baa grades the default
probabilities are, respectively, 2.1% and 3.4% while for Ba and B-rated 10-year bonds, the default rates are
15.3% and 34.2%.

Table 4: Historical Cumulative Probabilities of Default rates for Corporate Issuers (%)

Maturity (yrs)
Rating 1 2 3 4 5 6 7 8 9 10 15 20
Aaa 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Aa 0.0 0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.7 13 2.1
A 0.1 0.2 04 0.5 0.8 1.0 13 1.6 1.9 2.1 3.7 5.6
Baa 0.2 0.4 0.8 1.1 15 1.9 2.3 2.6 3.0 34 5.8 8.3
Ba 0.9 2.5 4.4 6.4 8.2 98 11.2 126 139 153 209 253
B 33 79 126 168 207 242 273 299 323 342 417 475
Caa-C 9.7 173 238 293 339 375 406 435 46.2 48.2 513 518
Inv Grade 01 02 04 07 09 1.2 1.4 17 1.9 22 36 52
Spec Grade 4.1 84 124 160 191 218 241 261 279 295 354 398
All rated 16 33 48 60 71 80 88 95 101 106 129 148

Note: The data is from the Exhibit 43 from Moody’s (2019).

The corporate bond default rates may be compared with those of infrastructure exposures. Table 5 presents
statistics published by Moody’s on infrastructure loans which are generally unrated. The sample period for the
data is 1983-2018.

The right-hand column of Table 5 shows Loss Given Default (LGD) estimates for defaulted infrastructure loans.
The figures for the broad categories of HIC and MIC/LIC are 22.1% and 15.8%. These LGDs (of approximately a
firth and a sixth) are extremely low compared to corporate bonds for which LGDs of 50% are more standard.
Corporate loans are often presumed to have LGDs of around 45-40%.

LGDs of half or a third of those for say senior unsecured bonds mean that the expected losses on infrastructure
loans are comparable to relatively highly rated corporate debt securities. To illustrate, a 10-year unrated, HIC
infrastructure loan has an Expected Loss equal to 4.8% x 22.1%, i.e., approximately 1%. Assuming a 50% LGD
as is common for a senior unsecured bond, this represents the same EL as a 10-year A-rated bond (which, from
Table 4, has a default rate of 2.1%).

© Copyright Risk Control Limited 2020 (& 6
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Table 5: Historical Cumulative Probabilities of Default and LGD rates for Infrastructure Loans (%)

Maturity (yrs)
Data set 1 2 3 4 5 6 7 8 9 10 15 20 LGD
HICs 1.0 1.9 2.7 3.3 3.8 4.2 4.4 4.6 4.7 4.8 4.9 5.0 221
Africa 0.6 1.2 1.6 1.7 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 0.0
Asia 1.3 2.5 34 3.9 4.2 4.4 4.5 4.6 4.6 4.6 4.6 46 243
Eastern Europe 2.0 4.2 6.5 89 105 119 121 124 124 124 124 124 0.0
Latin America 2.9 5.6 7.5 8.6 9.2 9.5 9.6 9.8 99 100 101 101 0.0
Middle East 0.1 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.0
North America 1.4 2.8 3.8 4.7 53 5.8 6.1 6.3 6.5 6.5 6.6 6.6 239
Oceania 1.5 2.8 3.9 5.0 6.0 6.6 6.9 7.2 7.3 7.3 7.3 7.3 207
Western Europe 0.8 1.6 2.4 3.0 3.4 3.8 4.0 4.2 4.3 4.4 4.5 46 212
MICs/LICs 1.9 3.6 4.9 5.8 6.3 6.7 6.8 6.9 7.0 7.0 7.0 7.0 15.8
Africa 0.6 1.2 1.6 1.7 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 0.0
Asia 2.1 4.2 5.7 6.5 7.1 7.5 7.6 7.8 7.8 7.8 7.8 7.8 12.7
Eastern Europe 2.2 4.6 7.2 9.8 11.7 131 134 13.7 13.7 13.7 13.7 13.7 4.2
Latin America 3.1 6.0 8.0 9.2 98 10.1 103 105 106 106 10.8 10.8 23.8
Middle East 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.0
North America 1.1 1.8 2.5 3.2 3.7 3.9 4.1 4.1 4.1 4.1 4.1 4.1 14.8

Note: The sources are Figure 11-14 from Moody’s (2020). Region Oceania and Western Europe is not included in the Middle-
and Low- Income Groups as the PD is o through the 20 years, so the data for these two regions are not in use.
The data is split into (i) High-Income Countries and (ii) Medium- and Low-Income Countries (following the World Bank
definitions). In each case, exposures corresponding to the two sets of countries (HIC and MIC/LIC) are further broken down
into broad geographical regions. In some cases, few observations are available so strong conclusions may not be drawn.
Focussing on the lines in Table 5 corresponding to HIC and MIC/LIC, one may observe cumulative default probabilities of
4.8% and 7.0%, respectively. These correspond to medium and low Baa’s if we compare with the corporate default rates. For
a 5-year exposure, the default rates in Table 5 of 3.8% and 6.3%, correspond to a low Baa and a high Ba., respectively.

3. Insurer Capital Charges

3.1 Calibration approaches
The core of this study is the recalibration of capital charges for infrastructure loans under the approaches of

Solvency II Standard Formula and the TAIS ICS. The Solvency II rules make some concessions to the superior
credit performance of infrastructure loans but as noted above, the reduction in capital compared with general
corporate exposures is limited and it is worth re-evaluating the magnitude of the adjustment. It is also
important to consider whether non-PPP infrastructure loans merit any reduction in capital charges as this is not
allowed for in the Solvency II framework. The IAIS rules provide no special treatment of infrastructure
exposures. So, in this case, our focus is to examine whether an adjustment of the kind included in Solvency II is

justified and what magnitude should it be?

How do we go about calibrating capital charges for the infrastructure subset of corporate exposures? In each
case, we try to mimic what the approach that regulators might take. The Solvency II capital charges for
corporate debt exposures are calculated using time series data of spreads. These are not available for
infrastructure loans (which are not actively traded) so a reasonable approach would seem to be to calculate the
Expected Loss (EL) of the loans (grouped into several categories) and then to assign to them the capital that the
Solvency II rules would require for corporate debt securities with the same ELs.

For the TAIS ICS capital charges, the regulators provide information in IAIS (2017) about how they performed
the calibration. Specifically, they state in the section “Credit risk stress factors” that “These stress factors were

developed using the Basel single risk factor IRB model of default risk, combined with the model for credit

deterioration risk presented in the 2002 paper “The Distribution of Loan Portfolio Value” by O. A. Vasicek.”
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Jobst (2018) sets out an interpretation of this approach. In his methodology, capital is calculated for default
risk, i.e., the possibility that an exposure will default before the 1-year horizon of the capital calculation. This is
added to an additional calculation of capital corresponding to the possibility that the exposure in question (i)
has a maturity longer than 1 year, (ii) does not default before the 1-year capital horizon, and (iii) experiences a
drop in value because of a deterioration in credit quality short of a default. In Method 2 of our IAIS
recalibration we follow Jobst’s approach except that we remove a denominator term in his revaluation capital
term (see equation (A15) in the Appendix to this study).

The calculation of capital based on the two terms employed by Jobst may be viewed as an indirect
implementation of the Vasicek model. Calculating Expected Loss (EL) on an exposure conditional on a stress
event in the first year of the exposure’s life and under risk adjusted distributions yields capital in a more direct
manner than the two-term approach. We term this direct implementation of capital using the Vasicek model
Method 1.

For corporate exposures, both Method 1 and 2 yield capital charges identical to those obtained by IAIS for 1-
year corporate exposures. This suggests that the corporate default probabilities and LGDs that we employ in the
calibration are the same as those used by regulators. However, to calibrate capital charges for corporate
exposures with longer maturities, one must determine a risk premium consisting of the product between a price
of risk and a correlation parameter. We calibrate the risk premium so that the calibrated capital charges based
on Method 2 for corporate exposures is close to the regulatory capital charges. We then employ that risk
premium in the calibration of capital charges for infrastructure exposures.

3.2 Calibration results

Table 6 presents the estimated capital charges under different methods with a capital confidence level of 99.5%
(similar to that typically employed by insurance regulators). We report capital charges for exposures originated
in High-Income Countries (HICs) and Medium- and Low-Income Countries (MICs/LICs). These exposure
categories are further broken down into regional country groups corresponding to those employed by Moody’s
in their consortium infrastructure dataset.

The first two columns of Table 6 show 10-year estimates of cumulative probabilities of default (PDs) and LGD
means. The 10-year PD for HICs is 4.8% compared to 7.0% for MICs/LICs. The average LGD for HICs is 22.1%
and is, in fact, is even lower at 15.8% for MICs/LICs. For this reason, the average EL is 1% for infrastructure
loans from both high-level country aggregates.

Under the heading EIOPA, Table 6 shows the 10-year exposure capital charges currently applied within
Solvency II (23.5%) and those implied by our recalibration based on the credit performance of unrated
infrastructure loans. These equal 15.8% for HIC exposures and 15.9% for MIC/LIC exposures. Infrastructure
loans from North America or Western Europe do not exhibit a systematically better credit performance than
those of exposures from other regions. So, the recalibrated capital charges are not more favourable for these
typically high-income regions.

The Solvency II framework Standard Formula prescribes capital charges for credit exposures and then permits
a diversification adjustment. The magnitude of this depends on the full balance sheet of the insurer in question
and, hence, effective capital charges vary from insurer to insurer. In Table 6, we present calculations of
Solvency II capital charges without and with diversification adjustments. The adjustments often mean that the
effective capital charges are half the ‘headline’. The calculations with diversification adjustments presented in
Table 6 assume that the insurer in question has the balance sheet of the stylised, example insurer described in
Horing (2012). The same assumptions are employed by Kutas, Perraudin and Qiu (2016). More information
about this insurer is provided in Appendix As.

As one may observe from the results in Table 6, diversification reduces the effective capital charge for
infrastructure significantly, bringing the results closer to those implied by the IAIS and Basel approaches (see
below). The charge for unrated infrastructure loans under the current regulations is reduced from 23.5% to
13.0%. The charges implied by the superior ELs of infrastructure loans of 15.8% and 15.9% for HICs and LICs,
respectively, are reduced by the diversification adjustment to 8.7% and 8.8%.

Under the heading IAIS, Table 6 displays results for the current IAIS charges for 10-year, unrated infrastructure
loans (12.7%). (Recall that these are lower than those required by Solvency II in part because the latter allows a
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diversification adjustment after capital is first calculated.) We present recalibrated capital charges for unrated,
10-year infrastructure loans on the columns headed Method 1 and Method 2. Calculations are performed using
an assumed LGD of 45% and (typically much lower) LGDs estimated using Moody’s historical data. Using
Method 1, capital charges for HIC and MIC/LIC loans are, respectively, 7.1% and 8.6% when a 45% LGD is
assumed. When actual historical average LGDs are employed, capital charges drop to 3.5% and 3.0%. Method 2
yields similar but slightly higher capital charges. Note that, as shown in the Appendix to this study, when risk
premia are set equal to the values employed in this calibration, corporate charges are within 10% of regulatory
charges for the majority of maturities and rating grades and within 20% for all such cases.

Figure 1 displays the Solvency II results from Table 6 while Figures 2 and 3 (with their respective panels a) and
b)) show the results for Method 1 and 2 with LGDs of 45% in the Panel a)’s and with actual LGDs in the Panel
b)’s.

Table 6: Estimated Capital Charges for 10-year Unrated Project Loans (in percent)

EIOPA (SI) IAIS (1CS2)
Unrated PPP (only) Hist. LGD Method 1 Method 2  BCBS-A-IRB (Basel Il1)
Avg. No With No With No With 45% Hist.  45% Hist. 40%  Hist.
Data set 10YPD LGD Avg.EL divers. divers. divers. divers. divers. divers. Curr. LGD LGD LGD LGD Curr. LGD LGD
HICs 4.8 221 106 235 13.0 200 111 15.8 8.7 127 71 35 89 44 3.6 5.8 3.2
Africa 1.9 0.0 0.00 23.5 13.0 20.0 11.1 6.7 3.7 12.7 4.0 0.0 6.3 0.0 2.4 3.8 0.0
Asia 4.6 24.3 1.12 23.5 12.98 20.0 11.1 16.0 8.8 12.7 6.8 3.7 9.8 53 3.3 53 3.2

Eastern Europe 12.4 0.0 0.00 235 1298 200 111 6.7 3.7 127 121 0.0 121 0.0 5.0 8.0 0.0
Latin America 10.0 0.0 0.00 235 1298 200 111 6.7 3.7 127 105 0.0 139 0.0 4.1 6.5 0.0

Middle East 0.3 0.0 0.00 235 1298 20.0 111 6.7 3.7 127 11 0.0 23 00 0.9 15 0.0
North America 6.5 23.9 1.56 235 13.0 20.0 111 17.1 9.5 127 84 45 105 5.6 3.9 6.3 3.8
Oceania 7.3 20.7 151 235 1298 20.0 111 17.0 9.4 127 9.0 41 106 49 4.1 6.6 3.4
Western Europe 4.4 21.2 092 235 12.98 20.0 11.1 15.1 8.4 12.7 67 3.2 83 39 3.5 5.6 3.0
MICs/LICs 7.0 158 110 235 13.0 200 111 15.9 8.8 127 86 3.0 115 4.0 3.8 6.1 24
Africa 1.9 0.0 0.00 235 13.0 20.0 111 6.7 3.7 127 40 0.0 6.3 0.0 2.4 3.8 0.0
Asia 7.8 127 099 235 1298 20.0 111 15.6 8.6 127 92 26 122 35 3.9 6.2 2.0

Eastern Europe 13.7 4.2 0.57 235 1298 20.0 11.1 11.2 6.2 12.7 127 1.2 126 12 5.1 8.2 0.9
Latin America 106 238 253 235 1298 20 111 202 112 127 108 57 143 76 41 66 3.9
Middle East 02 00 000 235 1298 20 111 67 37 127 10 00 30 00 08 13 00
NorthAmerica 41 148 061 235 130 200 111 121 67 127 64 21 89 29 33 53 19
Note: The data inputs are based on statistics calculated by Moody’s for the sample period 1983-2018. 10Y PD is the 10-year
cumulative PD from Table 5. Avg. LGD is the LGD from Table 5. Avg. EL is the product of the average annual default rate
(based on the 10Y PD) and the Avg. LGD. Block headed “Unrated” under “EIOPA(SII)” is from Table 1 and Table 2. It is the
capital charge for unrated debt securities and bank loans. Block headed “PPP (only)” under “EIOPA(SII)” is from Table 1 and
Table 2. It is the adjusted risk factors for infrastructure investment ('Solvency II Amendment") [EEA or OECD] for unrated
PPP (only). Block “Hist. LGD” under “EIOPA (SII)” contains the capital charge estimated with method described in Appendix
A.1 Solvency II Calibration. Under “EIOPA (SII)”, the headers “With div.” and “No div.” indicate that the calculations are
performed allowing for diversification or not. Columns headed “Curr.” contain the current regulatory capital charges. The
column headed “Curr.” under “IAIS (ICS2)” is from Table 3. The column headed “Hist. LGD” uses estimated LGDs from the
column “Avg. LGD” for the capital charge calculation. The column headed “45% LGD” uses a fixed LGD 45% for the capital
charge calculation. This LGD is what IAIS reportedly used in calibrating the ICS2. The column headed “40% LGD” uses a
fixed LGD 40% for the capital charge calculation. This is the regulatory LGD under the Foundation IRB. The column headed
“Current” under “BCBS-A-IRB” uses LGDs equal to the A-IRB of 25%. This is the floor for unsecured corporate (including
Specialised Lending) loans under the Basel IIT A-IRB.
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Figure 1: Estimated Capital Charge (EIOPA) for 10-year Unrated Project Loans (in percent)
Panel a) Without Diversification
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Figure 2: Estimated Capital Charge (IAIS, Method 1) for 10-year Unrated Project Loans (in percent)
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Figure 3: Estimated Capital Charge (IAIS, Method 2) for 10-year Unrated Project Loans (%)
Panel a) Actual LGD
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4. Conclusion

Using credit performance statistics for infrastructure loans published by Moody’s, this paper sets out capital
requirement calibrations using methods similar to those employed by regulators in determining regulatory
capital charges.

The favourable credit performance of infrastructure loans relative to that of corporate debt more generally
results in distinctly lower capital charges for these loans compared to the broader corporate debt asset class.
This analysis provides justification for a regulatory approach in which low capital charges are applied to
infrastructure debt than to the wider class of corporate debt.

Within the Solvency II framework, EIOPA has introduced lower capital charges for higher rated OECD or EEA
infrastructure debt. But this favourable treatment is not extended to infrastructure debt related to projects in
less developed non-EEA countries even though these too exhibit superior credit performance in the Moody’s
data. The new capital framework published by IAIS in November 2019 makes no concessions, however, to
infrastructure debt.

Our analysis, which consist of mimicking the calibration approaches of the regulators for the specific asset class
of infrastructure loans, suggests that the capital charges for unrated infrastructure loans should be about one
third lower than those required in Solvency II and between two thirds and three quarters lower than those in
the IAIS rules (depending on the calibration methodology employed).
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Appendix

A.1 Solvency II Calibration

We calibrate Solvency II capital charges for infrastructure exposures by calculating the Expected Losses on an
infrastructure loan in a given category and then assigning to it the capital that Solvency II requires for a general
corporate loan with the same EL.

corp

To state this formally, let EL;;
quality step i for horizon [0, t). EL{; may be expressed formally as follows.

denote the expected loss (per year of duration) for corporate issuer with credit

EL{; = Pf; X LGDf (A1)

Here, LG Dic is the loss given default for credit quality step i,i € [0,1,2,3,4,5]. P{; is the cumulative PD for a
corporate issuer with credit quality step i over the horizon [0, t).

Let b;; denote the regulated risk factor for corporate issuers with maturity t and credit quality step i. This can
be found in Table 1.

Let EL} denote the expected loss for unrated infrastructure debt for horizon [0, t)
ELL = Pg x LGD! (A2)

Here, LGD' is the loss given default for the infrastructure debt. P! is the caumulative PD for an unrated
infrastructure loan over the horizon [0, t).

Let b! denote the regulated risk factor for corporate issuers with maturity t and rating i. b/, t < 5 is obtained by
linear interpolation as shown in equation (A3).

bfo, if EL, <ELE,
pC.—pE. : C . I C
bl ={bf; + =t (BL, — E1S) VL < ELe < Bl 5 (A3)
R b, EL, > EL{5

bl,5 < t < 10 is derived similarly as in equation (A3) except replace EL} and E Lgi with AELL and AE Lgi
respectively. Here,

AEL, = EL{ — ELS, AELS; = EL{ — EL§ (A4)
bl,5 < t < 10 is then calculated as shown below
bfo, if AEL, < AELS,
pC._pC. : C. ) (o
bi = b + e x (L, — ALy AFLer < AFL < AFLE; 5 < ¢ < 1 (45)
by bfs, AEL} > AELS ¢

The 10-year capital charges presented in column “RCL” under section “EIOPA (SII)” in Table 5 is then
calculated as:

capital(10) = bs x 5 + bhy X (10 — 5) (A6)
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A.2 ICS Calibration Using Method 1

This method is based on Vasicek (2002). Vasicek shows how to calculate the Expected Loss (EL) at date 1 on a
t>1 maturity loan (i) conditional on a common factor and (ii) with risk adjusted distribution. Conditioning on a
99.5% stress event implies that the EL equals the Marginal Value at Risk (MVaR) for the exposure in question
and, hence, equals capital. The use of a risk-adjusted distribution implies that the capital allows for the re-
pricing risk at the 1-year horizon.

Given a set of cumulative PDs for horizons [0,1),[0,2), ... [0, t) measured at date 0.
PO,l' PO,Z’ e PO,t

The capital is calculated as

capital = exp(—r X (T — 1)) X LGD X ® (b(T) X ’% — o7 1(a) x /%) (A7)

Here, r is the bond interest rate, assumed to be 5%.
@ is the cumulative distribution function for standard Gaussian distribution.
@1 is the inverse cumulative distribution function for standard Gaussian distribution
b(t) is calculated as

b(t) = @ H(Py, ) + A X py X (A8)

T-1
VT

Here, 2 = 1.1 and p,, = 0.2. The parameter values are calibrated so that the calibrated capitals are all within
20% differences compared to the regulatory capital shown in Table 4 using Method 2 (described in Section A.3)
and S&P 2013 data. In the above equations, the parameter p is calculated as a function of the 1-year default
probability:

1—exp (—50XPDg 1)

_ _ 1-exp (—50><PD0,1))
p =012 x TEBEE0 4 .24 x (1 - SR XD (A9)
A.3 ICS Calibration Using Method 2
This method is calculated based on the formula in Jobst (2018).
With the same notation as in the Subsection A.2, the 1-year forward PD P, , is defined as
— Pot—Poq
P = 1~ Pos (A10)
The risk-adjusted forward PD Q) ¢ is then calculated as
Qe =P( P 1(Py) +Ax py xVE—1) (A11)
The risk-adjusted PD Qg ; is then calculated as
Qo =P( P Y(Py) +AX py XVt —1) (A12)
The stressed risk-adjusted forward PD Q7 ; is the expectation shown below.
. d 1Py WVE-(JpP N a)-/1-pZ
Qi =E [cb ( (Po.) (‘/f_l - 2 ApM\/t—_l)] (A13)

Here, Z follows standard Gaussian distribution.

The expectation in equation (A13) is calculated through the numerical integral
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. @ 1(Py  WE—(/p@ (@) —/1-pkAx) 1 2(kAx)?
0, =3V, q;( (Po) \/;ﬁ + ApyVt — 1) X =X exp (— Tx) Ax  (A14)

Here, Ax=0.0001 and N = 1000,000. In the above equations, A = 1.1 and p;; = 0.2. The parameter
values are calibrated so that the calibrated capital charges for rated corporate exposures are all within 20% of
the regulatory capital charges for corporate exposures shown in Table 4 using this method and S&P 2013 data.
Details of the calibration are provided below.

The capital is calculated as:

CD_]' (Poyl)—\/zxq)_l (a)
1-p

capital = LGD X d)( ) + LGD X exp (—7) X (Q1; — Q1¢) (A15)

Table A.1 presents the corporate cumulative default rates from S&P (2013).

Table A.1: Global Corporate Average Cumulative Default Rates (1981-2013) (%)
Maturity (yrs)

Rating 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AAA oo 00 01 02 04 05 05 06 07 07 08 08 08 09 10
AA 6o 01 01 02 04 05 06 07 08 08 09 10 11 12 12
A 01 02 03 04 06 08 10 12 14 16 18 20 21 23 25
BBB 02 06 10 15 21 26 30 35 39 43 48 52 55 59 63
BB 08 25 44 63 80 96 110 123 134 144 152 159 165 171 176
B 41 93 136 17.0 196 216 233 247 258 270 280 288 295 30.2 308
Ccc/c 269 361 412 443 468 478 489 49.7 506 514 52.0 52.8 537 544 544

Inv Grade 61 03 05 08 11 14 16 19 21 24 26 28 30 32 34
Spec Grade 40 79 112 139 160 178 193 206 21.7 228 23.7 244 251 257 263

All rated 15 30 43 54 64 71 78 84 89 94 99 102 105 108 111
Note: The data is the Table 24 from Standard & Poor’s (2014).

To calibrate the risk parameter 1 and p,, for risk adjusted PD calculation in Method 1 and Method 2 under ICS
calibration, we used the corporate PD in Table A.1 from S&P (2013) and LGD=0.45 as the input data and ICS
Method 2. By fixing p,, = 0.2, we tried different value of 1 so that the calibrated capitals are within 20%
difference to the regulated capital in as many cases as possible.

Tables A.2 to A.4 show the calibrated results for A from 1 to 1.2. It indicates that when A = 1.1, it has the most

cases within 20% differences to the regulatory capital and within 10% differences to the regulatory capital.
Therefore, 1 = 1.1 and p,; = 0.2 as the final calibrated parameters.

Table A.2: Calibrated Capital (%) with 1 = 1 and LGD=0.45

ICS S&P Maturity (yrs)

RC Rating 8 9 10 11 12 13

lor2 AAA/AA . . . . . 7 18 19 20 20 21 . 10% difference to
3 A regulatory capital
4 BBB

5 BB 10%-20% difference
6 B to regulatory capital

7 cce/c 277 489 457 436 420 411 402 395 388
Note: ICS RC stands for the ICS Rating Category.
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Table A.3: Calibrated Capital (%) with A = 1.1 and LGD=0.45

ICS S&P Maturity (yrs)

RC Rating 1 7 8 9 10 11 12 13 14

lor2 AAA/AA . 10% difference to
3 A regulatory capital
4 BBB

5 BB 10%-20% difference
6 B to regulatory capital
7 CCC/C 27.7 48.9 435 41.8 409 399 39.2

Note: ICS RC stands for the ICS Rating Category.

Table A.4: Calibrated Capital (%) with A = 1.2 and LGD=0.45

ICS S&P Maturity (yrs)

RC Rating 8 9 10 11 12 13 14

Tor2 AAA/AA . 10% difference to
3 A regulatory capital
4 BBB . 4.1

5 BB . 9.7 ! 10%-20% difference
6 B X 18.2 . 5 140 138 to regulatory capital
7 CCc/C 27.7 489 455 40.6 39.6 38.9

Note: ICS RC stands for the ICS Rating Category.

A.5 BCBS (Basel III)
With the same notation as in Subsection A.2, the capital charge in Basel III formula (see BCBS (2017)) is
calculated as below:

o-1(208)_ Hxo-1 -
capital = (LGD X (b( & )1{? (“)) — LGD x %) X % (A16)

Here, b is calculated as

p 2
b= (0.11852 — 0.05478 X 1n( ‘”)) (A17)

t

A.5 Capital Diversification

Under the Solvency II rules, capital is calculated for exposures on a standalone basis and then an adjustment is
made for diversification. This means that the ‘headline’ capital charge is not the one that actually applies. The
latter depends on the insurer’s portfolio.

In order to calculate the capital diversification effect, we consider a representative European life insurer as
described in Horing (2012) with EUR 4 billion as total assets and EUR 3 billion as its market risk portfolio.
Table A.5 shows the assumed breakdown of the market risk portfolio.

To calculate the capital requirement for the spread risk sub-module, the modified duration of each exposure is
required. For the sake of simplicity, we suppose that exposures in each asset class have a single representative
duration as shown in Table A.6.

The durations of assets and liabilities for Horing’s representative insurer are assumed to be 6.8 and 8.9 years,
respectively. To calculate capital for the interest rate risk sub-module, an average downward interest rate shock
is calculated using the March 2016 risk free curves provided by EIOPA. This is multiplied by the difference of
2.1 between the liability and asset durations and the result is multiplied by the asset total of EUR 4 billion.
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Table A.5: The market risk portfolio of a representative European life insurer

Rating

Sub-module  Subtype AAA AA A BBB BB <B Unrated Total
. Type 1 - - - - - - - 4.5
Equity Type 2 - - - - - - - 2.5
Property - - - - - - - 11.0
Bonds 5.2 44 118 5.9 0.6 0.1 15 295

Spread Covered bonds 11.5 0.5 0.3 0.1 - - 01 125
Sovereign debt (EEA) 18.8 6.6 5.8 0.2 0.6 - - 320

Sovereign debt (Non-EEA) 5.2 1.4 0.2 0.8 - 0.2 0.2 8.0

Note: The market risk portfolio of a representative European-based life insurer is shown broken down
by Solvency II sub-module, and further broken down by the subtypes considered in each sub-module
and the credit rating of exposures considered in the spread risk sub-module. The entries are given as
a percentage of the total EUR 3 billion value of the market risk portfolio.

Table A.6: Modified duration by asset class

Asset class Modified duration (years)
Bonds 5.4
Covered bonds 6.2
Sovereign debt 6.9

Note: These values show the average modified duration

of exposures of different asset classes treated under
the market risk module for a representative European-
based life insurer. The values are provided in Horing
(2012).
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