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Abstract of the Dissertation

Statistical Analysis for Sovereign Rating Data

by

Zhi Li

Doctor of Philosophy

in

Applied Mathematics and Statistics

Stony Brook University

2021

Being an assessment of a government’s ability to liquidate its obligations
and a measure of the economic, financial and political situations of an econ-
omy, sovereign credit rating becomes progressively important for governments
and international financial market. As commonly used rating data, the rat-
ing assignments from international rating agencies are viewed as reference of
sovereign rating level. Combining country’s economic, financial and political
data with corresponding rating data, we collect a full set of panel data for a
universe of 67 countries, from least developed to developed, covering the pe-
riod 1989-2016. Following typical statistical method, we use linear methods to
analyze the relationship between economic, financial data and sovereign rating
data. Then we push the analysis forward concentrating on individual-specific
effect. We propose fixed effect approach based on least squares dummy vari-
able (LSDV) model to provide a framework for the analysis and prediction of
the sovereign panel data, and for random effect approach, we use linear mixed
model for analysis. We apply the statistical method to simulation studies
and empirical analysis of sovereign rating and economic panel data. Related
conclusion includes the fixed and random effect of country-specific indicator,
feedback effect of rating history.
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Chapter 1 Introduction

1.1 Motivation for proposed analysis

Credit ratings are assessments of the relative likelihood that a borrower will
default on its debt repayment on principal and interest. When national gov-
ernment acts a part as an issue borrower in the capital market, the credit
rating is so-called sovereign rating. Thus, sovereign ratings are assessment
of a national government’s ability and willingness to repay its debt on time.
Since the issuers are national government, which are relevant for the domestic
and international financial market, the sovereign ratings play a significant role.
To be more specific, the sovereign rating are important in following several as-
pects. First, sovereign rating are a key determinant of the interest rate and
consequently affect the cost of a country borrowing money from the interna-
tional financial market. Second, sovereign rating affect the ratings assigned to
borrowers of the same nationality, like domestic bank and companies. Third,
considering the lower bound for the investment risk, the international investor
will build their bond portfolio taking the sovereign credit rating into account.
Last but not least, as an assessment of the economic, financial and political
situation of an economy, the sovereign rating give a measure of the country’s
development.

Considering the first publication introducing sovereign rating by Moody
in 1918, the field concentrated on this topic only have one hundred years.
The existing literature devoted to modeling sovereign rating is rather sparse.
It begins with Cosset and Roy (1991) and Moon and Stotsky (1993), which
introduce the study on sovereign rating determinants, and Cantor and Packer
(1996) which present the first systematic analysis of the determinants and
impact of the sovereign rating. The main reason leading to lack of literature is
that, before 2000, the worldwide rating histories, and even the economics and
financial data are not available. Few sovereigns, especially emerging market
economics or least developed countries, have ratings history longer than one
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or two decades. The estimation used in the existing literature, only taking the
developed countries into account, may be not so accurate. Such a statistical
analysis has recently become possible as a result of the rapid growth in the
size of sovereign rating data, which includes not only the developed countries,
like U.S and European countries, but also the least developed countries which
locate on Africa, South America and Asia.

In recent year, from 1996, several financial crisis rolled up the whole world.
It is worth noting that, some of the crisis are caused by sovereign rating crash.
For example, the Greek government-debt crisis happened in late 2009. Consid-
ering low GDP growth rate and high government budget deficit, Standard and
Poor’s, Moody’s and Fitch downgraded Greek sovereign rating, and it become
the trigger point for Greek debt crisis. Therefore, it is important for both gov-
ernment and financial market to understand what kinds of factor affect more
emphasis on sovereign rating.

A typical statistical model in a data analysis study can be denoted as
follows where i represents the ith individual and t stands for the time,

yi,t = x′i,tβ + α + εi,t

To study the determinant factor behavior, we can estimate the “global effect” β
which model homogeneity. To study the country-specific behavior, we include
the “individual effect” α which model heterogeneity and thus denote it as αi.
To deal with the individual effect αi, we use two major approaches in the
literature and in each approach we estimate β separately. The first approach
is fixed effect model, while the second is random effect model.

Fixed Effect Model
To deal with the country-specific effect, we introduce fixed effect model as first
direction.We consider the fixed effect model

yi,t = x′i,tβ + αi + εi,t

where αi is a fixed effect, which is treated as an unknown parameter to be
estimated. Therefore, no specific distributional assumption for αi is required.

2
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The fixed effect model is commonly used by macro-economists. Generally
speaking, the fixed effect model is more appropriate than a random effect
model in following two reason. First, if the individual effect represents omitted
variables, these country-specific characteristics are possibly correlated with
the other regressors. Second, the typical macroeconomic and financial data
set is likely to contain most countries of interest, and consequently, might be
not a random sample. For example, when we take a political variable, OECD
membership, into consideration, an OECD country may be interacted by other
countries in OECD. Thus, we can not neglect the fixed effect approach in our
empirical analysis.

Random Effect Model
Random effect model assumes αi

i.i.d∼ N(0, σ2
α) in the statistical model to be un-

known country-specific random effects. It’s commonly called error-component
model since the error comes from two parts, the random effect αi and the
random error εi,t.

1.2 Outline of Dissertation

We divide the dissertation into the following chapters. In Chapter 2 we inves-
tigate the history of sovereign credit rating, determinants of sovereign rating
commonly used in existing literature and the current statistical approaches.

In Chapter 3 we show and describe the explanatory and response variable in
our proposed method. In particular, we use numerical rating level as response
variable, take economic and financial data commonly used in current study
into consideration and introduce several dummy indicator to represent the
geographic or political situation.

In Chapter 4 we propose the statistical model approach via LSDV and
LMM for the analysis of panel data where cross-sectional and individual-
specific information can be estimated better.

In Chapter 5 we apply the fixed effect and random effect approach proposed
in Chapter 4 to model numerical sovereign rating level that are jointly exposed
to the explanatory variables: economic, financial and political variables, which

3
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we introduce in Chapter 3, in a simulation study. Moreover, we introduce
rating history movement as feedback effect analysis. Finally, Chapter 6 gives
the concluding remarks.

4
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Chapter 2 Background and Literature Review

2.1 History of Sovereign Rating

The terminology, sovereign ratings, is first introduced by Moody’s Investors
Service in their publications Moody’s Analyses of Investments and Moody’s
Manual in 1918 (Moody, 1918). Different from the definition, from both qual-
itative and quantitative aspects, being used nowadays, sovereign ratings were
setup for measurement about relative creditworthiness of bond issuers, central
government, at that time. In 1920, Moody’s provided its categorical measure-
ment of creditworthiness, which is much simpler than Moody’s criteria used
currently, and established a rating range, from the high figure Aaa downward,
which contains Aaa, Aa, A,Baa, Ba and Lower (Moody, 1920). In the fol-
lowing two or three years, Poor’s, Fitch and Standard Statistics gave their
rating system similar to Moody’s. At that period, the country coverage was
very limited: the United States and Canada led the rating level with Aaa and
Aa, great nations like Great Britain and France enjoyed the high credit level
because of their great age and vast resource, while the dilapidated countries
of Balkan States and Turkey with lower rating suffered from years of political
turmoil. The coverage of rating levels and countries extended in the promi-
nent publication of Moody’s in 1922, which provided the marked expansion
and accurate definition of rating level system (Moody, 1922). At that period,
the credit rating agencies concentrated on some certain bonds issued by one
sovereign, not the country itself, and provided their rating to the bonds, for
example, shown in Table 2.1:

Notice that, under the rating criterion, the accurate meaning of sovereign
rating, at 1920s even long period later, is sovereign bonds rating, which is
established for bonds, not sovereign issuers. So, the rating categories only
described the feature of bonds.

As shown in the introduction section of Moody (1922), entitled as “Key
to the ratings”. The rating scale included nine categories: Aaa, Aa, A, Baa,

5
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Table 2.1: Details of some U.S debts as of June 30, 1920

Title of Bond
Rate of
Interest

Date of
Issue

When Redeemable
or Payable

Amount Rating

Consols of 1920 2’s 1900 Payable after April 1, 1930 $646,250,150 Aaa
Loan of 1925 4’s 1895-1895 Payable after Feb. 1, 1925 $162,315,400 Aaa
Conversion Bonds 3’s 1916-1917 Payable 30 years from issue date $28,894,500 Aaa

First Liberty Loan 3.5’s 1917
Redeemable after June 15, 1932

Payable after June 15 1947
$1,410,074,400 Aaa

First Liberty Loan Conv. 4’s 1917
Redeemable after June 15, 1932

Payable after June 15 1947
$65,803,050 Aaa

First Liberty Loan Conv. 4.25’s 1918
Redeemable after June 15, 1932

Payable after June 15 1947
$473,089,200 Aaa

Source: Moody (1920)

Ba, B, Caa, Ca and C, while the other rating agencies followed similar setup.
With these rating scales, rating agencies furnish a tool to classify the security
and stability of particular government bonds and to measure the ability and
willingness to repay the debt, both principal and interest. Notice the rating
system, with consideration of governments’ situation, provided measurements
about ability and willingness, not reflectors of bonds prices or bond maturities.
For example, the ratings didn’t imply that the bond price may decline after
rating decreasing as a result of changes in demand and supply, economic crises,
etc.

2.1.1 Development of Rating Scale and its meaning

Back to the rating categories, first introduced by Moody’s in sovereign rating,
we summarize from Moody (1922):

Aaa : The ratings are classed in the group of first grade issues, so far as
“intrinsic strength and security are concerned”, “assurance of the prompt
payment of principal and interest” and “permanent intrinsic worth of
each issues”.

Aa : The bond in this level indicate that they are “strong investment and
generally fundamentally secure”, subject to “some qualification in secu-
rity or stability”, and come with “good past record”.

A : A rating comes in the general broad group known as “good”, which
are down the investment scale. While, the security is “permanent and

6
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well-demonstrated”.

Baa : These kinds of bonds “carry some speculative quality”, may “not have
sufficient permanent stability to warrant a higher standing for its obli-
gations” and they are “liable to become largely speculative”.

Ba : Many of issues under this rating “possess some investment quality, yet
all carry a distinctly uncertain tinge”, and “can’t be regarded as at all
attractive from the standpoint of real security”. A security of this type
is “purchased for its speculative possibilities rather than its investment
quality”

B : Bonds carrying this rating are “in imminent danger of defaulting”.

Caa : “The obligations of dangerously weakened communities”.

Ca : The bond is an obligation that “very little value if left of the security”
and “there is little or no hope of any substantial improvement short of
partial repudiation”

C : A rating “are apt to become practically worthless”. A bond of this
rating is typically in default, i.e, has defaulted or appears certain to
default within the very near future.

In the following several years, the other three credit rating agencies (CRAs),
Fitch, Standard Statistics and Poor, provided their classification on sovereign
bonds by their own setup. Fitch and Standard Statistics define the rating
scales with reference based on their corporate bonds assessment. Fitch set up
twelve categories: AAA, AA, A, BBB, BB, B, CCC, CC, C, DDD, DD, and
D, while Standard Statistics introduced fourteen ratings: A1+, A1, A, B1+,
B1, B, C1+, C1, C, D1+, D1, D, E, and F [Fitch, 1924; Standard Statistics,
1924]. Another rating agency, Poor, provided rating scales, which are different
from their corporate scales, as follows: A*****, A****, A***, A**, A*, A,
B**, B*, B, C**, C*, and C. Although the rating scale symbols provided by
these four CRAs were different from each other, they all classify the rating
level into several groups. For instance, Fitch classified all three A-level, AAA,
AA, A, to high grade bonds, and subsequently they assigned three B -level to
lowest-grade investment bonds, three C -level to speculative bonds and three
D-level to bonds in default. Similarly to Fitch’s setting, Standard Statistics
and Poor classified the rating scales to investment grade, speculative grade
and default. Notice that, the rating from these four CRAs were not strictly

7
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comparable as they set up at beginning, easily concluded from the facts that
the number of rating levels from agencies were different from each other.

In 1941, Standard Statistics and Poor merged into a new rating agency,
Standard and Poor (S&P), then it followed the setting of Fitch, while replaced
DDD, DD, D with D, SD, SD here for selective defaults. One remark hap-
pened in 1975, that the U.S. Securities and Exchange Commission designated
nationally recognized statistical rating organizations (NRSRO), and the mem-
bers of NRSRO were Moody’s Investors Service, Standard & Poor’s and Fitch
Rating. In 1970s-1980s, S&P and Fitch began to refine their rating categories
by introducing three sub-rating, a plus (minus) sign, to AA-CCC rating in
order to represent the higher (lower) creditworthiness. In 1986, Moody’s in-
troduce a numerical sub-rating to its rating. As a result of these refinements,
they got the rating system, which is still using nowadays. We summarize the
system in the following, Table 2.2

Table 2.2: Current system of Moody’s, S&P and Fitch ratings

Category Interpretation Moody’s S&P Fitch

Investment Grade

Highest quality Aaa AAA AAA

High quality
Aa1
Aa2
Aa3

AA+
AA
AA-

AA+
AA
AA-

Strong
payment capacity

A1
A2
A3

A+
A
A-

A+
A
A-

Adequate
payment capacity

Baa1
Baa2
Baa3

BBB+
BBB
BBB-

BBB+
BBB
BBB-

Speculative Grade

Likely to
fulfill obligations,

ongoing uncertainty

Ba1
Ba2
Ba3

BB+
BB
BB-

BB+
BB
BB-

High-risk obligations
B1
B2
B3

B+
B
B-

B+
B
B-

Extremely high
risk bond or
investment

Caa1
Caa2
Caa3

CCC+
CCC/CCC-

CC/C

CCC+
CCC/CCC-

CC/C
Default Defaulted C SD/D RD/D

Accompanying with the rating scales being set up, one more remark should
be borne in mind that the ratings attributed to all government bonds, both

8
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domestic and foreign, come from the standpoint of the American investor. The
“big-three”, Moody’s, S&P and Fitch, are U.S.-based agencies, while Fitch
headquarter in New York though belong to 100 percent to the French holding
company Fimalac until 2006. They provide the rating based on the point of
investors who think and act in local currency, “dollars”. The other agencies
based in different country, such as JCR, DBRS or Dagong Global, which will
be discussed in the following part, start from local investors’ point, in their
local currency.The national government, the largest issuers and buyers in the
global capital market, generally seek rating on foreign currency obligations,
which are different from CRAs’ standpoint. One important reason is that
foreign currency bonds were more preferred by international investors than
domestic currency bonds.

In the following section, we will introduce the local and foreign currency
rating policy. What’s more, considering the maturities of different bonds, we
present the rating policies on short-term and long-term bonds.

2.1.2 Sovereign Rating Policies and Rating Process

After the first sovereign bond rating were introduced by Moody in 1918, the
credit rating agencies persevere in seeking the complete and comprehensive
rating system to follow the rapid development in international credit market.
Initially, the rating system was set up for sovereign bonds exclusively, and the
government, sovereign issuers, were not rated. In the 1980s, credit rating agen-
cies began to rate sovereign bond issuers. Generally speaking, the sovereign
ratings are opinions about the issuer’s overall economic and financial capacity
to pay its obligations, both principal and interest, and should not be applied
for any specific bonds.

Keeping pace with the development in financial market, the CRAs proceed
to complete their rating policies. Comparing with the rating, which only
set up for any certain bonds in local currency in 1920s, the current rating
policies are more comprehensive and reasonable. We will introduce the policies
following the timeline of rating system development, and they contain: Short-
term ratings, rating outlooks and watches, country ceilings. 1

1Without any specific illustration, the remaining of this dissertation uses the long-term
foreign credit ratings of sovereign issuers when analyzing the sovereign ratings, especially in

9
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Generally speaking, sovereign ratings contain two aspects: 2

• Government bond rating (may comes with outlooks): Aims at measuring
the risk that a government may default on its own obligations in either
local or foreign currency. It takes into account both the ability and
willingness of a government to repay its debt in a timely manner.

• Local and foreign currency ceilings: Aims at assessing possible govern-
mental interference on the capacity of other economic agents to repay
debt. Foreign currency country ceilings assess transfer risk that foreign
currency debt payments and deposits may be restricted by the govern-
ment. The local currency deposit ceiling reflects the risk of a disruption
or shutdown of the domestic payments system as well as the ability of
monetary authorities to support banks during possible banking crises.
The local currency ceiling indicates, which based on the basis of eco-
nomic, financial and structural criteria, the highest rating for an issuer
domiciled within a given country. These ceilings cap, under certain con-
dition, the ratings of specific securities or issuers.

Table 2.3: Overview of Sovereign Ratings

Local Currency Foreign Currency

Bond
Ratings

Local Currency Government Bond Ratings
reflect CRAs’ opinion of the capacity and
willingness of a government to generate
revenues in it own currency to repay its
debt to bond holders on a timely basis .

Foreign Currency Government Bond Ratings
reflect CRAs’ opinion of the capacity and
willingness of a government to mobilize foreign
exchange to repay foreign currency-denominated
bonds on a timely basis.

Ceilings

Local Currency Ceiling summarizes
the general country level risk (excluding
foreign-currency transfer risk) that should be
taken into account in assigning local currency
ratings to locally-domiciled obligors or
locally-originated structured transactions.

Foreign Currency Ceiling reflects the risk of
governmental interference at times of external
payments crisis, i.e. foreign currency transfer risk.

The ceiling is defined by the probability that a
government would resort to a moratorium should it
default. It is determined by multiplying the implied
default risk associated with existing foreign-currency
government bond ratings by the risk that a
moratorium would be used as a public policy tool.

Source: Moody (2004)

Traditionally, sovereigns issue debt in local currency or in foreign currency.
In 1910s, the period that sovereign rating just were established, the CRAs only
assigned ratings to bonds denominated in US dollars or British pounds. Then
in 1990s, they covered sovereign issuers and assigned foreign currency rating
to them.

the data and methodology sections.
2Source: Moody’s Corporation (2001)

10
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Short-Term Ratings

Short-term ratings are assigned to obligations with an original maturity of
thirteen months or less. As a contrast, long-term ratings are assigned to issuers
or obligations with an original maturity of one year or more. Accompanying
with the development of financial market, more and more sovereign bonds
come into the market. Besides the long-term bonds, such as mentioned in
Table 2.1, there came some short-term bonds. Moody’s issued first short-term
ratings to sovereigns to satisfy the willingness of monitoring short-term bonds
in market as early as 1971, Standard and Poor’s and Fitch issued their short-
term ratings in 1975 and 1995, respectively. Similar with the rating category
setting for long-term bonds, the CRAs provide their rating category system
for short-term bonds. Moody’s short-term rating scale is displayed as follows
(Moody, 2004):

• Prime-1: Issuers (or supporting institutions) rated Prime-1 have a su-
perior ability to repay short-term debt obligations.

• Prime-2: Issuers (or supporting institutions) rated Prime-2 have a
strong ability to repay short-term debt obligations.

• Prime-3: Issuers (or supporting institutions) rated Prime-3 have an
acceptable ability to repay short-term obligations.

• Not Prime: Issuers (or supporting institutions) rated Not Prime do
not fall within any of the Prime rating categories.

The following Table 2.4 indicates standard linkage between long-term and
short-term rating scales (Moody, 2004):

S&P and Fitch introduce different rating symbols and establish a link be-
tween short-term ratings and long-term ratings (see Table 2.5).

S&P and Fitch provide similar rating symbols for short-term bonds. The
A-level (A-1+, A-1, A-2 and A-3) by S&P and F-level (F1+, F1, F2 and F3)
by Fitch indicate a investment grade for short-term credit quality, which is
derived from long-term bonds rating. The speculative grade obligors are rated
as the B and C short-term rating, since they has a relatively weaker capacity
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Table 2.4: Standard Linkage between Long-Term and Short-Term Rating
Scales

Short-Term Rating Long-Term Rating

Prime-1
AAA

AA+, AA, AA-
A+, A, A-

Prime-2
A-

BBB+, BBB, BBB-
Prime-3 BBB+, BBB, BBB-

Not Prime

BB+, BB, BB-
B+, B, B-

CCC+, CCC, CCC-
CC, C

Table 2.5: Standard Mapping of Short-Term Ratings to Long-Term Ratings

Standard and Poor’s Fitch
Long-term Rating Short-term Rating Long-term Rating Short-term Rating
AAA, AA+, AA, AA- A-1+ AAA, AA+, AA, AA-, A+ F1+
A+, A A-1 A+, A, A- F1
A-, BBB+, BBB A-2 A-, BBB+, BBB, BBB- F2
BBB- A-3 BBB, BBB-1 F3
BB+, BB, BB-, B+, B, B- B BB+, BB, BB-, B+, B, B- B
CCC+, CCC, CCC-, CC, C C CCC+, CCC, CCC-, CC, C C
SD, D SD, D RD, D RD, D

to meet commitment, or even are vulnerable to a short-term default risk. The
D-level indicates, the CRAs believe that the obligors has partially or generally
defaulted on the bonds.

Rating Outlooks and Watches

Rating outlooks and watches are mutually exclusive. Outlooks indicate the
expected direction of rating movement. They reflect economic or financial
trends which did happen or will happen may cause a rating movement, but
which may do so if such trends continue. Standard and Poor’s issued first
rating outlooks for sovereign entities in 1989, Moody’s and Fitch did the same
in 1997 and 2000, respectively.

12
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There are four categories of rating outlooks: positive, negative, stable and
developing (termed “evolving” by Fitch). A positive rating outlook indicates
an upward trend on the rating scale. Conversely, a negative outlook, for exam-
ple, points to a higher likelihood of rating deterioration. Positive or negative
rating outlooks do not imply that a rating change is inevitable. Developing
outlooks typically indicate circumstances that could move the rating either up
or down. Some ratings have no outlook assigned. Stable outlooks mean that
the rating may not change, while ratings with stable outlooks can be raised or
lowered without a prior revision to the outlook 3.

It is worth noting that ratings in the C-categories (Caa, Ca, C by Moody’s
and CCC, CC, C by S&P and Fitch) typically do not carry outlooks since
the volatility of these ratings is very high and outlooks would be of limited
informational value. Defaulted ratings do not carry Outlooks.

Rating watches indicate view on the expected direction of the rating move-
ment in the short term and becomes applicable when there is an event, the
credit implications of which are either unclear or not fully ascertainable imme-
diately. Positive watches indicate that a rating could stay at its present level
or potentially be upgraded, negative watches indicate that the rating could
stay at its present level or potentially be downgraded, and developing watches
are given if ratings may be raised, lowered or affirmed.

Country Ceilings

The “country ceiling” indicates the highest ratings assigned to the sovereign
issuer rating of an entity subject to the monetary sovereignty of that country
or area. Since the sovereign bonds can be issued in local or foreign currency,
there are two kinds of ceilings: foreign currency ceiling and local currency
ceiling.

Foreign Currency Ceiling
Foreign currency ceiling reflects, the risk of governmental interference at times
of external payments crisis and the degree of interference that sovereign action

3“Rating Definition” (Fitch, 2018)
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can impose on the capacity of a non-sovereign to meet contractual obligation.
The rationale for the existence of the foreign-currency ceiling, as well as the
foreign-currency bond rating, is that all domestic issuers are potential subject
to foreign currency transfer risk, in other words, they may not be able to
convert local currency into foreign currency on time to repay the debt.

We can determine the foreign currency ceiling with two parts:

1. Foreign Currency Bond Rating, the government’s probability of de-
fault in foreign currency.

2. Risk of Moratorium, the probability that the government will impose
a moratorium when it confront with a crisis.

Generally speaking, the ceilings are higher than bond rating in one or two
notches.

Local Currency Ceiling
Local currency ceiling summarizes the general country level risk (excluding
foreign-currency transfer risk) that should be taken into account in assigning
local currency ratings to locally-domiciled obligors or locally-originated struc-
tured transactions. Moreover, the ceiling indicates the highest level of rating
assigned to the financial strongest obligations in the country.

Typically, local currency ceilings are high, and sometimes much higher than
the government’s local currency bond rating.

Rating Process

The current sovereign rating process is developed by the CRAs which built
up the features and structure in the early 1990s. After years of development,
the rating process got a complete framework. We summarize a general process
from CRAs and list as follows:

1. Rating Application:The rating process typically begins with a credit
rating request from the sovereign bond issuers. After a meeting which
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introduces rating process, methodology and products, and moreover, the
discussion about issuing organization, the rating application will be set
up. Once the issuers completed the application, a group of analysts will
be assigned to issuers. It is worth noting that there will be a internal
conflict compliance check to ensure analysts do not have any conflict
interest to issuers.

2. Information Collection: Sovereign bond-relevant financial and non-
financial information will be collected after the application. The precise
list of information may vary according to the sector and market informa-
tion. Typically, it includes historical and projected financial information,
industry and economic data, peer comparisons, and details on planned
financing. And the analytical team reviews information from both public
and nonpublic sources. For some rating agencies, they hold management
meeting with issuers, and the discussion at the meeting focus on credit
strengths and weaknesses, trends in industries and sectors , national
political and regulatory environment, management and debt structure.

3. Analysis and Committee: Once information has been organized, the
analyst team will conduct by applying the relevant credit rating method-
ologies which are differ by agencies. Besides, the analysis is based on
quantitative factor in collected information, it’s also based on qualitative
factors, such as the institutional or governance framework, the financial
strategy of the rated entity and, generally, the experience and credibil-
ity of management. After completion of the analysis, rating agencies
will formulate the a rating committee to consider their recommendation,
Rating Committees are a critical mechanism in promoting the quality,
consistency and integrity of our rating process. Credit ratings are deter-
mined only through rating committees, by a majority vote of the rating
committees members, and not by any individual analysts. Then the rat-
ing committee votes on the rating recommendation and reaches a rating
decision.

4. Notification and Publication: After the rating committee reaches a
rating decision, the rating agencies typically contacts the sovereign bond-
issuer or its designated agent to inform them of the committees decision
and the key elements underlying it. After notifying the Issuer, the new
ratings will be published and disseminated to the media. Some rating
agencies accept a request from an issuer to appeal a rating decision.
With that meaningful new information presented, the analyst team will
review the additional information and vote.
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5. Surveillance: As the last step, once a credit rating has been published,
the rating agencies will maintain surveillance on an ongoing basis and
monitor the credit rating which will be modified as necessary in response
to changes in opinion of the creditworthiness. With periodic meetings as
part of the ongoing surveillance process, the rating agencies can contin-
uously monitor and update rating policy by apprising of changes in the
Rated Entitys plans and discussing new developments.

2.2 Determinants in Sovereign Rating

To assign the rating level of a certain sovereign bond, which exclusively applies
to the creditworthiness of a government’s bond to private creditors, the credit
rating agencies concentrate on a broad range of factors. In the rating criteria,
which is provided by CRAs, it take into consideration not only the development
of economics and degree of interdependence with international market, but
also solvency aspects such as the stability of political environment and social
cohesion. What’s more, unlike corporate bonds which release claim when a
default occurs, the sovereign bonds have lower degree interdependence of bond-
market.Therefore, it is worthwhile noticing that sovereign bond rating should
relate to several potential factors, such as external solvency, default history,
and membership in international cooperation organization.

Considering the miscellaneous factors mentioned above, to assess the credit
rating of sovereign is a complicate problem. Referring to the rating criteria,
numerous economic, financial, social, and political factors are listed not only
qualitatively, but also quantifiable. Obviously, for qualitative factors, iden-
tifying the relationship between rating and factors is difficult. Even for the
quantifiable factors, the CRAs provide little guidance as to the relative weights,
which they assign to each factor.

Cantor and Packer (1996), and Haque et al. (1996), not only discuss the
rational for, but also measure the relative significance of, several economic
and financial factors which are repeatedly cited by CRAs’ rating criteria as
rating determinants. Ul Haque et al. (1998) discuss the relative importance
of political factors in rating. Moreover, Moody’s Corporation (2001), Fitch
(2012), and Standard&Poor (2017) provide the rating criteria and definition.
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We summary that the foundation of sovereign credit rating are built on five
assessment, each of which may contains a set of quantitative and qualitative
consideration (See Figure 2.1):

Figure 2.1: Five Key Area to Determine A Sovereign Rating

Indicative
rating level

Economic and
Political Profile

Flexibility and Per-
formance Profile

Economic Pro-
file

Political Profile

Fiscal Profile

External Profile

Monetary Pro-
file

Source: Standard&Poor (2017)

Identifying the assessments mentioned above as a set of quantitative and
qualitative factors, we reorganize in five main profile. And in the following
parts, we will provide description of each factor in several perspectives, such as
economic definition and meaning, the relative significance of sovereign rating,
and existing literature or historical events.

• Economic Profile: Economic development, prosperity and growth trend

• Political Profile: Political stability, international cooperation

• Fiscal Profile: Government fiscal performance

• External Profile: External liquidity and solvency

• Monetary Profile: Monetary sustainability

2.2.1 Economic Profile

Referring to the history of development in sovereign rating, a related-high
rating level always couple with a well-developed economic structure. On the
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contrary, economic structure in some countries lacks momentum, even suffers
recession, and as a consequence, the sovereign bond in corresponding country
may defaults in a high probability. To summarize the trait of high rating coun-
tries, we can conclude that, wealthy, diversified economic entities, coupled with
sustained economic growth, can be assigned related-high rating level. Anal-
ysis with causality, a wealthy, sustained-growth economic structure, provides
the sovereign government with a strong income and tax base, enhances its
fiscal and monetary policy flexibility, and ultimately boosts its debt-bearing
capacity.

Summarizing the economic prospects, which leads to distinguishable rating
level, we can obtain two aspects:

- Structure encapsulate economic prosperity and diversity

- Growth capture the dynamic trend of economy

To concatenate the economic concept with quantitative factor, we can aim
to seek several proxies to describe. As the first factor, real GDP can be
viewed as a comprehensive proxy for the level of development of the economy.
Intuitively speaking, a rich debtor have a better reputation and a lower credit
risk than a poor one. Various literature show that GDP is the most important
explanatory variables for sovereign ratings. Secondly, taking the concept of
population into consideration, GDP per capita is an integrated proxy, which
is related to, not only economic development, but also population. Besides,
the emphasis on the level of prosperity, the growth also acts as a significance
role. The growth prospects not only take a measure of capacity to generate
government revenue, but also reveal development potential. Therefore, we
take the rate of growth of real GDP per capita as the third proxy.

To be more specific, we use the following factors as our determinants in
analysis:

• Real GDP

Real GDP is most prominent measure of sovereign income level. With
higher GDP, a country has broader potential tax and fiscal bases, and
consequently has great ability to repay debt. An important statistic
that indicates whether an economy is expanding or contracting, GDP
can be tracked over long time and used in measuring a nations economic
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growth, as well as in determining if an economy is in recession. Besides
that GDP can measure a nation’s economic environment, it can also
serve as a proxy for the political stability and other important factors.

Figure 2.2: Real GDP by Country (US Dollar in billions), 2019

As a sample, Figure 2.2 provide a worldwide version about real GDP in
2019.

• GDP per capita

GDP per capita is another important measure of income level. Different
from GDP, which refers to the total value of final goods and services
produced within a country or region in a specific time period, GDP per
capita is a better indicator of the change or trend in a nations economic
performance over time, since it adjusts for population which is different
among all the countries.

As a sample, Figure 2.3 provide a worldwide version about GDP per
capita PPP in current international dollar in 2019.

• GDP per capita Growth
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Figure 2.3: GDP per capita by Country, 2019

The key measure of economic growth is real per capita GDP growth.
With high economic growth rate, a country’s existing debt burden can
easier to be service over time. The growth rate of GDP is often used as
an indicator of the general health of the economy. In broad terms, an
increase in GDP is interpreted as a sign that the economy is doing well.
When real GDP is growing strongly, the whole economic performance is
getting better, for example, employment is likely to be increasing and
so is the government tax. When GDP is shrinking, as it did in many
countries during the recent global economic crisis, government revenue
often declines.

As a sample, Figure 2.4 provide a worldwide version about GDP per
capita growth in 2019.

• Economic Development Besides the GDP per capita, which can mea-
sure the level of development, the rating agencies also use other factors
to reflect the relationship between development and risk. Typically they
use two different indicator variables to measure the causal relationship,
which make the analysis more comprehensive. One is industrialized clas-
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Figure 2.4: GDP per capita growth rate by Country, 2019

sification, another is Least Developed Countries (LDCs) classification.

2.2.2 Political Profile

When rating agencies assign the sovereign credit ratings to different debtors,
political factors play a crucial role in rating process. Political factors, or the
level of political stability, not only enhance the development of economic pros-
perity, but also are closely correlated with sovereign debt default. Aiming
to capture political event risk, the political stability is taken into considera-
tion, along with some assessment of global integration, geopolitical stability,
and policy flexibility. Institutional and geopolitical considerations attempt to
measure the promotions and constraints on a sovereign’s credit fundamentals
by policy-making. Factors considered in the political profile includes: lev-
els of economic cooperation and development, geopolitical engagement, and
economic-cultural origin.

• Geopolitics
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– Group of Seven or G7, an indicator variable.
The Group of Seven or G7 is a group consisting of Canada, France,
Germany, Italy, Japan, the United Kingdom and the United States.
These countries, with the 7 largest advanced economies in the world.

– Group of Twenty or G20, an indicator variable.
The G20 (or G-20 or Group of Twenty) is an international forum for
the governments and central bank governors from Argentina, Aus-
tralia, Brazil, Canada, China, France, Germany, India, Indonesia,
Italy, Japan, Mexico, the Republic of Korea, the Russian Federa-
tion, Saudi Arabia, South Africa, Turkey, the United Kingdom, the
United States.

– OECD, The Organization for Economic Co-operation and Devel-
opment, an indicator variable.
The OECD is an intergovernmental economic organization with 35
member countries, founded in 1961 to stimulate economic progress
and world trade, consisting of Australia, Austria, Belgium, Canada,
Chile, Czech Republic, Denmark, Estonia, Finland, France, Ger-
many, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Latvia,
Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland,
Portugal, Slovakia, Slovenia, South Korea, Spain, Sweden, Switzer-
land, Turkey, United Kingdom, United States

• Geography
At here, we classify all the country in geography: South America, North
America, Africa, Europe, Asia (including Oceania).

• Culture and sociology
Although there didn’t exist a strict academic definition, many sociol-
ogists and historians oppose ”the West and the Rest” in a categorical
manner(Thompson et al., 2016).

From a cultural and sociological aspect, ”the West” is defined as includ-
ing all cultures that rooted in and be derived by European cultures, it
consists of Europe (European Union members), Americas (Argentina,
Brazil, Canada, Chile, Colombia, Mexico, US, Uruguay) and Oceania
(Australia, New Zealand).
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2.2.3 Fiscal Profile

The segments in fiscal profile reflects the sustainability of a sovereign’s fiscal
balances. It considers:

- Fiscal performance and flexibility

- Potential risks associated with liabilities tracked by a sovereign’s debt
history

The first segment aims to encapsulate government budgetary flexibility.
Fiscal flexibility provides governments with the ability to restore its fiscal bal-
ance after the effect of economic downturns or other shocks. On the contrary,
government finance condition is subject to fiscal challenges and trends that are
likely to hurt their fiscal performance. The assessment of a sovereign’s revenue
and expenditure flexibility is primarily qualitative.

To be more specific, we use the following factors as our determinants in
analysis:

• Fiscal Balance To determine a sovereign’s performance and flexibil-
ity, we derive an assessment based on the fiscal balance. Sometimes it
also referred to as government budget balance, and we get the balance
from tax revenue and the proceeds of assets sold, minus any government
spending. When the balance is negative, the government has a fiscal
deficit. When the balance is positive, the government has a fiscal sur-
plus. To make the comparison easily across countries, we normalize the
data, by dividing a country’s GDP with the corresponding current ac-
count balance. Fiscal balance as a percentage of GDP is usually used
as an instrument to measure a governments ability to meet its financing
needs and to ensure good management of public finances.

Notice that, the meaning of deficit (or surplus) may vary, when we take
debt into consideration, whatever domestic or external. The deficit can
be measured with or without including the payments on the debt as
expenditures. We denote these two case in different ways, total deficit
and primary deficit. The total deficit, which is often called the fiscal

23



www.manaraa.com

deficit, is the primary deficit plus interest payments on the debt, i.e,

Total deficit = Gt − Tt + r ∗Dt−1

Primary deficit = Gt − Tt

where, Dt−1 is last year’s debt (all the debt accumulated up), r is the
interest rate attached to the debt, G is the government spending and
T is the tax revenue for the respective year(Burda and Wyplosz, 2013).
Typically, the total deficit are taken as the indicator for government
budget balance, since without taking debt part into consideration, we
cannot measure the ability or willingness of the government to tax its
citizenry in order to service its debt.

Figure 2.5: Fiscal Balance by Country, 2018

As a sample, Figure 2.5 provide a worldwide version about fiscal balance
in 2018.

• Default History Considering other factors equal theoretically, whether
a country has a default history on its issued bond or not is widely per-
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ceived as a crucial signal of credit risk. Eaton (1996) introduce the im-
portance of reputation of sovereign bond. In previous research, authors
treat the default history as an indicator variable that show whether or
not a certain country has experienced a sovereign bond crisis.

2.2.4 External Profile

The external profile includes factors which can reflect and measure a country’s
ability to meet its obligation. The term, external, refers to external economic
environment, in other words, external liquidity and indebtedness. It reflects
a issuer’s ability and willingness to generate and obtain funds from abroad to
meet public- and private-sector obligations to nonresidents.

As mentioned above, external liquidity is an indication of the economy’s
ability to generate the foreign exchange necessary to meet its public- and
private-sector obligations to nonresidents. It seeks to capture the adequacy of
official foreign exchange reserves. The quantitative indicator, which we use,
is prescribed in terms of the projected ratio of the gross external financial
requirement to gross reserves.

External indebtedness shows residents’ assets and liabilities (in both foreign
and local currency) relative to the rest of the world. This external indicator
focus on public- and private-sector net external debt. It aims to capture and
quantify the strength of the external balance sheet. Additionally, the external
debt indicator examines potential symptoms of real exchange rate imbalance.

• External Balance Our key measure of external liquidity is the exter-
nal balance. And in many of the existing literature which work on the
determinants of sovereign ratings, they take the current account balance
into consideration. Current account balance is the sum of net exports of
goods and services, net primary income, and net secondary income. A
current account deficit indicates that country’s economics rely on funds
from abroad. On the contrary, current account surplus show that a coun-
try can get rid of, in some extent, the foreign indebtedness, which is more
sustainable than the countries with deficit.To be more specific, current
account consists of the trade balance (the difference between the total
value of exports of goods and services and the total value of imports of
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goods and services), the net factor income (difference between the re-
turn on investments generated by citizens abroad and payments made
to foreign investors domestically) and net cash transfers, where all these
elements are measured in the domestic currency. In a mathematics way,
Heakal (2014)

CAB = X −M +NY +NCT

where, X is export, M is import, NY is net factor income and NCT
is net cash transfer. To make the comparison easily across countries,
we typically normalize the data, by dividing a country’s GDP with the
corresponding current account balance.

Figure 2.6: External Balance by Country, 2018

As a sample, Figure 2.6 provide a worldwide version about current ac-
count balance, percent of GDP in 2018.

• External debt One key measure of external indebtedness is the external
debt. Gross external debt is the total amount of those actual current
liabilities that require payments of principal and interest by the debtor in
the future and that are owed to nonresidents by residents of an economy.
A higher external debt should indicate a higher risk of default. The
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weight of the debt will increases as a countrys foreign currency debt
rises relative to its earnings.

Figure 2.7: External Debt by Country, 2018

As a sample, Figure 2.7 provide a worldwide version about total external
debt in 2018.

And what’s more important is the willingness or ability of a country to
repay the debt. A country can repay the principle and interest with
its prosperous economics, while a least developed country may not re-
pay the debt even when they are in low external debt. To make the
analysis comprehensive, we introduce a new indicator. The debt ser-
vice ratio is the ratio of debt service payments made by or due from a
country to that country’s export earnings. In other words, it’s external-
debt-to-export ratio. This ratio is considered to be a key indicator of a
country’s debt burden. (International Monetary Fund. Statistics Dept.,
2014). Debt service ratio provides a quick indicator of the capability of
an economy to repay external debt with enhanced revenue from sales
to foreign countries. A ratio below 1 suggests that debt can be repaid
rapidly, theoretically in less than one year. Conversely, the higher the
ratio, the lower the country’s capability to finance the debt with revenue
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from exports.

2.2.5 Monetary Profile

The factor in monetary profile reflects the extent to which its monetary author-
ity can support sustainable economic growth and attenuate major economic
or financial shocks, thereby supporting sovereign creditworthiness. With the
measurement of this factor, we can capture the sustainability of monetary and
exchange rate policies. In reality, we can observe how the monetary factor
works in the following way. The sovereign use monetary policy to deal with
domestic economic stresses particularly through its control of money supply
and domestic liquidity conditions. The sovereign use inflation trends as a
reference of credibility of monetary policy. .

A sovereign’s monetary profile results from the analysis of the credibility
of its monetary policy. We use inflation rate to measure its credibility. A
chief measure of the monetary policy is broad price stability, including low
inflation over the economic cycle. To the extent that sovereign are assessed for
monetary stability, the inflation rater is viewed as a comprehensive indicator
for monetary policy efficacy, financial stability, and political effectiveness.

• Inflation

Inflation is a quantitative measure of the rate which stands for a price
level change of a basket of selected goods and services in an economy over
a period of time. Usually expressed as a percentage, inflation indicates
a decrease in the purchasing power of the currency. As inflation hap-
pens, it starts to impact the general cost of living for the common public
and the monetary authority of the country. Like the central bank, the
policymakers take the necessary measures to keep inflation within per-
missible limits and keep the economy running smoothly. In other words,
A relative high inflation rate reflect, in some extent, structural problems
in the government’s finances.

Inflation is measured in a variety of ways depending upon the types of
goods and services considered, and when the inflation rate falls below
0 percent, it is so-called deflation. Depending upon the selected set of
goods and services considered, several types of inflation values are cal-
culated and tracked as inflation indexes. Most commonly used inflation
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indexes are the Consumer Price Index (CPI) and the Wholesale Price
Index (WPI).

Different from the WPI, one kind of measurement on inflation, which
measures the changes in the price of goods and service in the stages
before the retail level. Changes in the CPI are used to assess price
changes associated with the cost of standard living, so it used as one
of the most frequently statistics for identifying periods of inflation or
deflation. Same with most of the previous literature, we use CPI as an
indicator to measure the inflation.

Figure 2.8: Inflation by Country, 2019

As a sample, Figure 2.8 provide a worldwide version about CPI annual
change relative to 2016.
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2.3 Issues in Sovereign Rating

Following the research process of sovereign rating, we organize the literature
reviews in this section. Generally speaking, it contains three mainly parts: the
selection of determinants, statistical methodology in analysis and rating bias
in rating.

As the earliest literature concentrated on determinants of rating in aca-
demic research, Cosset and Roy (1991) focus on country risk rating which is
influenced by economic and political variables. Notice, at that time, that the
definition of country risk rating is a bit of different from sovereign rating, and
a country risk rating is an indicator of the likelihood that a sovereign bor-
rower will default on its debts. In the analysis, the rating score assigned to
any country is a weighted average of three indicator: market indicators, credit
indicators and analytical indicators, and the rating score is graded on a scale
of zero to one hundred. With estimation using ordinary least squares, the
evidence reveals that country risk ratings respond to some of the variables,
like the level of per capita income and propensity to invest.

To examine whether the credit ratings can be explained using a set of
explanatory variables, Lee (1993) estimate the problem and conclude that
first, the credit ratings provide a reasonable measure of sovereign borrower’s
creditworthiness and second, the set of explanatory variables is significant in
explaining variations in the credit ratings. The set of explanatory variables
in their model, includes ratio of total foreign debt to exports, growth rate of
GDP, interest rate, variability of changes in per capita GDP and inflation rate.
As an improvement, they introduce additional dummy variables to represent
geographical location and degree of indebtedness and the results suggests that
there may be a significant group contagion in assigning credit ratings.

Cantor and Packer (1996) present the first systematic analysis of the de-
terminants and impact of sovereign credit rating. At first step, they estimate
which quantitative indicators are weighted most heavily in the determinant of
rating, as a conclusion, they suggest rating assignments can be explained by a
small number of well-defined criteria. While, the quantitative model they used
in the paper cannot explain all variations in rating across countries, which is
also stated by the rating agencies. In other words, qualitative social and po-
litical considerations are also significant determinants. To push the analysis
forward, we quantify several political and social factor and take them into
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consideration. The regression analysis in this paper classify rating level and
corresponding determinant into different group according to the rating notch.
This make the subject-specific influence absorbed into global parameters.

Afonso (2003) conduct an analysis of the possible determinants of sovereign
rating by using linear, logistic and exponential transformations of the rating
scales. The contribution of this paper is the improvement of quantitative
model. To be more specific, they introduce non-linear transformations of rating
scale instead of the linear one in existing literature. The linear transformation
show some lack of accuracy for the country whose rating level located on the
top end. The advantage of the use of logistic transformation make the rating
change fitting reality well. when the rating level is low, ratings can rise rather
quickly as the issuers deliver some improvements. Oppositely, the increase of
an additional notch is slower, when the rating level is at the top end, because
the requisites of sovereign quality are more demanding. All the estimated
coefficients have the expected sign as the linear model estimation, what’s more,
the coefficients are broadly more statistically significant. Although, the paper
conduct an analysis with classifying the data subject to level of development,
the result is not significant, because of the lack of data. In our paper, we push
this part forward, with more precise classification and bigger size of data.

In the paper of Afonso et al. (2011), the main contribution is that they
employ a new specification to distinguish between short and long-run effect.
In particular, they introduce the time-averages of the regressors, then they
rewrite the regular regression equation into several parts: the regressor ex-
tracted by time-averages part, the time-averages regressors and the random
errors. They interpret the parameter of first part, Xi − X̄i, as a short-term
effect, and the parameter of time-averages regressor as long-term effect. In
this way, they conclude what a country can do to improve its rating in the
short term. As a conclusion, the paper shows that changes in GDP per capita,
GDP growth rate, fiscal balance have a short-term impact on the credit rating,
while the external balance and default history act on long-run terms. What’s
more, the author introduce a model to improve the limited dependent variable
framework. In other words, they makes a continuous evaluation of a country’s
credit-worthiness. When evaluation stay in a value range, the country get the
corresponding rating level.

Besides the existing literature from academics, there are some public sector
or international organization, like OECD development centre, IMF or World
Bank, working on the sovereign credit rating. Larráın et al. (1997), a pa-
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per from OECD development centre, show their analysis which presents the
econometric evidence on the interaction between ratings and yield spreads on
sovereign bonds, and moreover, they use standard macroeconomic and finan-
cial variables, as existing literature used to determine country risk, to correct
their long-term analysis for such factors. Perform Granger causality tests based
on an unbalance panel data, they indicate the dollar bond spreads and a set of
default determinants seem to explain somewhat well the level of credit ratings.
What’s more, in this paper, author state that the ratings may be characterized
by the determinants of ratings, the information content of sovereign risk rat-
ing (’contaminating’ rating changes with other publicly-available news), and
more noteworthy, which is rarely mentioned before, the industrial organiza-
tion of the rating industry. In other words, they introduce the bias problem
in sovereign ratings.

From the literature above, we can see that, the methodology used which be-
gin from Cantor and Packer (1996), that is Ordinary Least Square, has been
discussed and applied in numerous research paper. Different from previous
research, Bissoondoyal-Bheenick et al. (2006) introduce an ordered response
model. The nature of categorical ratings data is that it is inherently ordered
and discrete, and it should be argued that an ordered response model is more
appropriate to the modeling of discrete and ordinal data. Besides the statisti-
cal approach, they use case-based reasoning (CBR) analysis paralleling to the
ordered response model. CBR is capable of explaining and justifying its deci-
sion in the form of relevant precedents and if-then rules, and does not require
a formal parametric model. As conclusion, this paper compare these two al-
ternative techniques for the modeling of the determinants of sovereign ratings,
and they both produce similar results. Apart from the technology proxy, a
range of conventional macroeconomic variables are found to be significant, in
particular GDP and inflation.

Besides the topics mentioned above, determinants of sovereign ratings,
there are several topics discussed in sovereign rating research or industry. One
of them is rating transition matrices. Rating transition matrices for sovereign
are an important input to risk management of portfolios, and they are widely
used both in credit portfolio management and to calculate future loss distri-
butions for pricing purposes. Hu et al. (2002) is one of these kinds of paper.
In this paper, they firstly examines which macroeconomics variables should
sensibly be included in a model of sovereign rating standing, then discusses
the ordered probit framework, estimation results and the transition proba-
bilities they imply, and in the end, they introduce some Bayesian techniques
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for combining different transition matrix estimates. Lando and Skødeberg
(2002) also work on the estimation of rating transition matrices, and they ap-
ply continuous-time methods to estimate. Within the framework, they show
to estimate the transition intensities for the Markov chain and calculate the
corresponding discrete-time transition matrices.

Another important topic in sovereign rating analysis is the bias problem
in rating system. Fuchs and Gehring (2017) provides the first systematic em-
pirical assessment of claims on the concerns that revolve around the rule of
the credit rating agency’s “home bias”, which is resulted of political economy
influences and cultural distance. Their result suggest that sovereign ratings in
fact exhibit biases, and the agencies assign relatively higher rating to countries
to which their home-country’s banks have a larger risk exposure. Moreover,
they find that countries that are culturally closer receive a better rating treat-
ment. In all, the individual analysis of all the agencies worldwide suggests
that the home bias is neither only restricted to US agencies nor to the smaller
agencies, but rather appears to be a generalizable phenomenon.
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Chapter 3 Data Description

Throughout our analysis, we build up a rating database with sovereign
bond rating data and a set of economic, financial and political dataset, which
will be discussed in the following parts. For the rating database, we cover a
period from 1989 to 2016 and a sample consisting of 67 countries.

3.1 Response Variable: Sovereign Ratings

Like all other bond credit ratings, the sovereign bond ratings are assessments
of economic and financial situation of a certain country, moreover, reveal a
measure of the ability of principal and interest repayment. While being dif-
ferent from other credit bonds, the sovereign bonds are issued by national
government, which make sovereign ratings become more and more important.
As a crucial aspect of the significance, sovereign bonds affect the stability of
international financial market underlying their enormous trading volume.

While there are many credit rating agencies, the most well known are
Moody’s Investment Service (Moody’s), Standard & Poor’s (S&P) and Fitch
Ratings (Fitch). Although they use different symbols to express credit risk,
we can still find out counterparts in these agencies. Table 3.1 presents the
rating symbols and corresponding characterization.

Our response variable is the country’s sovereign rating provided by these
rating agencies, Moody’s, S&P and Fitch. To more specific, following the exist-
ing literature, we use sovereign’s long-term foreign-currency rating. This kind
of ratings is set up for government bonds which are issued in a foreign currency
and have a maturity over one year. Although the demand of bonds issued in
local currencies is increasing, foreign currency ratings remain the more influ-
ential and significant in the international bond market. Until the late 1980’s,
emerging market governments become the main part of exclusive borrowers of
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Table 3.1: Moody’s and S&P’s Rating systems

Rating Symbols Description
Rating Level

Moody’s S & P Fitch
Bonds that are judged to be of the best quality. They carry the smallest
degree of investment risk and are generally referred to as “gilt edged”.

Interest payments are protected by a large or by an exceptionally
stable margin, and principal is secure.

Aaa AAA AAA

Bonds that are judged to be of high quality by all standards.
Together with the Aaa group, they constitute what are generally

known as high-grade bonds. They are rated lower than the Aaa bonds
because margins of protection may not be as large.

Aa1
Aa2
Aa3

AA+
AA
AA-

AA+
AA
AA-

Bonds that possess many favorable investment attributes and are to be
considered as upper-medium-grade obligations. Factors giving security to

principal and interest are considered adequate, but elements may be present
that suggest a susceptibility to impairment some time in the future.

A1
A2
A3

A+
A
A-

A+
A
A-

Bonds that are considered medium-grade obligations. Interest payments and
principal security appear adequate for the present, but certain protective

elements may be lacking or may be characteristically unreliable
over any great length of time.

Baa1
Baa2
Baa3

BBB+
BBB
BBB-

BBB+
BBB
BBB-

Bonds that are judged to have speculative elements; their future cannot be
considered well assured. The protection of interest and principal

payments may be very moderate and thereby not well safeguarded
during either good or bad times

Ba1
Ba2
Ba3

BB+
BB
BB-

BB+
BB
BB-

Bonds that generally lack characteristics of the desirable investment.
Assurance of interest and principal payments or of maintenance of

other terms of the contract over any long period of time
may be small.

B1
B2
B3

B+
B
B-

B+
B
B-

Bonds that are of poor standing. Such issues may be in default,
or there may be present elements of danger with respect to

principal or interest.

Caa1
Caa2
Caa3

CCC+
CCC
CCC-

CCC+
CCC
CCC-

The issuer has experienced an uncured payment default on obligation,
or even worse, has entered into bankruptcy filings, administration,

receivership, liquidation or other formal winding-up procedure,
or which has otherwise ceased business.

D
SD
D

RD
D

foreign currencies. This created a direct link between a balance of payment
crisis and a government’s default in foreign currency, and this is another reason
why we focus on the sovereign’s foreign-currency bond rating, which express
a measurement of international financial risk. Foreign currency government
bond ratings reflect agencies’ opinion of the capacity and willingness of a gov-
ernment to mobilize foreign exchange to repay foreign currency-denominated
bonds on a timely basis. (Truglia, 1999)

In our database, there consists 67 countries all through the five continents:
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South America, North America, Europe, Africa and Asia (including Oceania).
For a sample, the rating classifications for sovereign foreign-currency bond for
each country, are presented in Table 3.2

Table 3.2: Sovereign foreign-currency long-term bond rating (June 2016)

Country
Rating Level

Country
Rating Level

S&P Moody’s Fitch S&P Moody’s Fitch
Argentina B- B3 D Lebanon B- B2 B
Australia AAA Aaa AAA Lithuania A- A3 BBB
Austria AA+ Aa1 AA Luxembourg AAA Aaa AAA
Belgium AA Aa3 AA Mexico BBB+ A3 BBB
Bolivia BB Ba3 BB Mongolia B- Caa1 B
Brazil BB Ba2 BB Morocco BBB- Ba1 BBB
Bulgaria BB+ Baa2 BBB Netherlands AAA Aaa AAA
Cameroon B B2 B New Zealand AA Aaa AA
Canada AAA Aaa AAA Nigeria B B1 BB
Chile AA Aa2 A+ Oman BBB- Baa1 BBB
China AA- Aa3 A Pakistan B B3 NR
Colombia BBB Baa2 BBB Paraguay BB Ba1 BB
Czech Republic AA- A AA Peru BBB+ A3 BBB
Denmark AAA Aaa AAA Philippines BBB Baa2 BBB
Dominican Repub. BB- B1 B Poland BBB+ A2 A
Ecuador B B3 B Portugal BB+ Ba1 BB
Egypt B- B3 B Romania BBB- Baa3 BBB
Estonia AA- A A Russia BB Ba1 BBB
Finland AA+ Aa1 AA Rwanda B B2 B
France AA Aa2 AA Saudi Arabia A- A1 AA-
Germany AAA Aaa AAA Singapore AAA Aaa AAA
Ghana B- B3 B Slovenia A Baa3 A
Greece B- Caa3 C South Africa BBB- Baa2 BBB
Hungary BBB- Baa3 BB South Korea AA Aa2 AA
Iceland BBB+ A3 BBB Spain BBB+ Baa2 BBB
India BBB- Baa3 BBB Sri Lanka B+ B1 BB
Indonesia BB+ Baa3 BBB Thailand BBB Baa1 BBB
Ireland A+ A3 A Turkey BB Ba1 BBB
Italy BBB- Baa2 BBB Uganda B B2 B
Jamaica B B3 B Ukraine B- Caa3 C
Japan A+ A1 A UK AA Aa1 AA
Kazakhstan BBB- Baa3 BBB US AA+ Aaa AAA
Kenya B+ B1 B Uruguay BBB Baa2 BBB
Latvia A- A3 A

We retrieve information about the sovereign ratings by Moody’s, S&P and
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Fitch via Bloomberg terminal. We downloaded the data in late April 2017
and updated in October 2017. Notice that, the dataset we obtained is an
unbalanced panel, since S&P and Moody’s assign ratings to different countries
over varying periods of time.

For our empirical analysis, both LSDV model and LMM model, we intro-
duce two set-up at beginning. One is a 17-point scale translation for linear
regression analysis in accordance with similar approaches (begin from (Horri-
gan, 1966) and continuing in (Hill et al., 2010)). This translation assign the
highest value of 17 for the highest rating level, “AAA” in S&P and “Aaa” in
Moody’s. “C” and “D” with a value of 0.

When we work on empirical analysis, we will use categorical rating level
instead of the numerical ones, thus another set-up is introduced, which is refine
the category as shown is Table 3.3
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Table 3.3: Rating Category and Translation of Rating Scale

Interpretation Rating Category S&P’s and Fitch Moody’s Numerical Scale

Highest quality AAA AAA Aaa 16

High quality AA

AA+

AA

AA-

Aa1

Aa2

Aa3

15

14

13

Strong

payment capacity
A

A+

A

A-

A1

A2

A3

12

11

10

Adequate

payment capacity
BBB

BBB+

BBB

BBB-

Baa1

Baa2

Baa3

9

8

7

Likely to

fulfill obligations,

ongoing uncertainty

BB

BB+

BB

BB-

Ba1

Ba2

Ba3

6

5

4

High-risk obligations B

B+

B

B-

B1

B2

B3

3

2

1

Extremely high

risk bond or

investment

C

CCC+

CCC/CCC-

CC/C

Caa1

Caa2

Caa3

0

Defaulted D SD/D C 0
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3.2 Explanatory Variables

To assess the sovereign bond credit rating is not an easy problem. Intu-
itively speaking, we must take into consideration both the liquidity of the
bond and the solvency of issuer in the market. While, Moody’s and S&P pro-
vide their analytical factor of sovereign rating system (Moody’s Corporation,
2001), (Standard and Poor’s Corporation, 1979), where we classify in four
aspects: economic performance(domestic), economic performance(external),
fiscal performance and political performance, as shown in Table 3.4.

Table 3.4: Sovereign Rating Analytical factors

Domestic Performance External Performance Fiscal Performance Political Performance

S&P

- Structure of national economies

- Long-run economic growth

- Short-Run business cycle

-External liquidity

-External balance

-Debt burden

-Budget balance

-Political risks

-International co-operation

Moody’s

- National economic size

- Long-Run trends

- GDP per capita

- External risk (debt)

- External balance
- Government Budget balance

-Governance

-International co-operation

To deal with problem that how to measure these different kinds of perfor-
mance, we build on and employ the sets of variables provided by the existing
literatures: Haque et al. (1996) and Cantor and Packer (1996) provide the
rationale for several factors which measure macroeconomic and financial per-
formance, such as, per capita income, GDP growth, inflation, economic bal-
ance. Ul Haque et al. (1998) show the relative importance of political factors.
Archer et al. (2007) and Hill et al. (2010) introduce an important property of
the factors, which is country-specific, and causal relationship between factors
and ability of a country to repay the issued bonds. For more detail in criteria
definition, we check the handbook by Moody’s Corporation (2001).

We identify the factors mentioned above as a set of quantitative and qual-
itative variables, which we can reorganize in four main aspects:

• Economic Variables: GDP per capita, Real GDP, GDP Growth

• Fiscal Variables: Fiscal balance, Economic development
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• External Variables: External balance, Debt service ratio

• Monetary Variables: Inflation

• Other Variables: Default history, Regional indicators, Political indi-
cators

While, we will provide description of each variables in the following. In-
troducing brief economic definition, we use the data description from World
Development Indicators database of World Bank as reference.

3.2.1 Economic Variables

• GDP per capita

As a full-information terms, World Bank GDP per Capita PPP
Current Intl Dollar is represented by GDP per capita. PPP here
means purchasing power parity. Gross domestic product converted to
international dollars using purchasing power parity rates. An interna-
tional dollar has the same purchasing power over GDP as the U.S. dollar
has in the United States. Then, the GDP per capita of a certain coun-
try is comparable with others underlying a uniqle measurable basis, an
international dollar. GDP at purchaser’s prices is the sum of gross value
added by all resident producers in the economy plus any product taxes
and minus any subsidies not included in the value of the products.

We get the data from World Bank, International Comparison Programme
database. Data updated with a 1-2 year lag due to the large amount of
data processed by the World Bank. Yearly data is therefore available
around late November of the current year for the previous year.

• Real GDP

As a full-information terms, World Bank GDP Constant 2010 Prices
USD is represented by Real GDP. GDP is the sum of gross value added
by all resident producers in the economy plus any product taxes and
minus any subsidies not included in the value of the products. It is
calculated without making deductions for depreciation of fabricated as-
sets or for depletion and degradation of natural resources. Data are in
constant 2010 U.S. dollars. Dollar figures for GDP are converted from

40



www.manaraa.com

domestic currencies using single-year official exchange rates. For a few
countries where official exchange rate does not reflect the rate effectively
applied to actual foreign exchange rates. For a few countries where the
official exchange rate does not reflect the rate effectively applied to ac-
tual foreign exchange transactions, an alternative conversion factor is
used.

We get the data from World Bank national accounts data, and OECD
National Accounts data files. Data is updated with a 1-2 year lag due to
the large amount of data processed by the World Bank. Yearly data is
therefore available around September of the current year for the previous
year.

• GDP per capita Growth

As a full-information terms, World Bank GDP per capita Growth
in Annual Change is represented by GDP per capita Growth. An-
nual percentage growth rate of GDP per capita based on constant local
currency. GDP per capita is gross domestic product divided by midyear
population. GDP at purchaser’s prices is the sum of gross value added by
all resident producers in the economy plus any product taxes and minus
any subsidies not included in the value of the products. It is calculated
without making deductions for depreciation of fabricated assets or for
depletion and degradation of natural resources.

We get the data from World Bank national accounts data, and OECD
National Accounts data files. Data is updated with a 1-2 year lag due to
the large amount of data processed by the World Bank. Yearly data is
therefore available around September of the current year for the previous
year.

• Inflation

As a full-information terms, World Bank Consumer Price Index
(2010 Base 100) in Annual Change is represented by Inflation. Con-
sumer price index is measurement about the cost of a certain fixed set, or
a fixed “basket”, of consumer goods and services. However, the basket
of goods and services priced by CPI is not literally same over different
period, and is periodically changed to reflect the different mix of con-
sumer goods and services at different period. In other words, consumer
price index reflects changes in the cost to the average consumer of ac-
quiring a fixed basket of goods and services that may be fixed or changed
at specified intervals, such as yearly. Moreover, the annual inflation we
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used here refers to the percent change of the CPI compared to the same
month of the previous year.

We get the data from International Monetary Fund, International Fi-
nancial Statistics and data files. Data is updated with a 1-2 year lag
due to the large amount of data processed by the World Bank. Yearly
data is therefore available around September of the current year for the
previous year.

3.2.2 Financial Variables

• Fiscal Balance

At here, we express fiscal balance in another way which provide more
information about the factor. That is the percentage of government
budget balance in GDP, normalizing the data, by dividing the budget
balance by GDP, which enables easy comparisons across countries and
indicates whether a national government saves or borrows money. The
crucial part of this factor is government budget balance, which records
the difference between national government revenues and expenditures.
If the difference is a positive number, it means revenues exceeded ex-
penditures, and we call this situation as budget surplus, otherwise, it is
budget deficit. Intuitively speaking, countries with high budget deficits
generally have more difficulty raising funds to finance expenditures, fur-
thermore to repay the issued bonds, than those with lower deficits.

We use total deficit (or surplus) as government budget balance, since
without debt payment part, we can’t measure the ability or willingness
of a government to tax its citizenry to cover current expenses and service
its debt. We get the dataset from World Bank national accounts data
and International Monetary Fund via Bloomberg.

• External Balance At here, we express external balance in full infor-
mation way. That is the percentage of current account balance in GDP,
normalizing the data, by dividing the current account balance by GDP,
which enables easy comparisons across countries and indicates whether
a national government is a net lender to the rest of the world or net
borrower. In other words, the ratio of the current account balance to
the GDP provides an indication of the countrys level of international
competitiveness. The current account tracks all transactions, excluding
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financial transactions, that involve economic values. Major components
include trade in goods, trade in services, income and current transfers.

A current account deficit is symbol of an economy that is a net borrower
to the rest of the world. It shows how much a country is investment be-
yond the saving. What this means is that the country is using resources
from rest of the world to meet its domestic consumption and investment
requirements and heavily relying on funds from aboard, finally it make
the country’s growth under foreign indebtedness and unsustainable over
time. A current account surplus can be analyzed in the opposite way.

We get the data from International Monetary Fund, Balance of Payments
Statistics Yearbook and data files, and World Bank and OECD GDP
estimates.

• Debt service ratio The debt service ratio is the ratio of debt service
payments made by or due from a country to that countrys export earn-
ings. I.e, it’s external-debt-to-export ratio. This ratio is considered to
be a key indicator of a countrys debt burden.(International Monetary
Fund. Statistics Dept., 2014).

We can see this indicator consists two components: gross external debt
and exports, and now consider these two parts in the ratio. Gross exter-
nal debt is the outstanding amount of those actual current liabilities that
require payments of interest and principal by the debtor. These debts
are owed by residents of an economy to nonresidents. Data on external
debt are gathered through the World Bank’s Debtor Reporting System
(DRS). Exports measure the movement of merchandise trade leaving a
country. This measure tracks the value of merchandise trade. We get the
data of export from International Monetary Fund, using the Direction
of Trade Statistics (DOTS), a product of International Monetary Fund ,
which presents figures on the value of merchandise exports and imports
by trade partners as well as area and world aggregates showing trade
flows between major areas of the world. All figures are presented in U.S.
dollars.

3.2.3 Other Variables

• Default History In our analysis, we use the default history as an indica-
tor variable that show whether or not a certain country has experienced
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a sovereign bond crisis. A country has a default history on its issued
bond or not is widely perceived as a crucial signal of credit risk. In our
analysis, the indicator variable equals to 1, if a country has defaulted on
its bond since 1983. We get these part of data sources from International
Monetary Fund.

• Economic Development Besides the GDP per capita, which can mea-
sure the level of development, the rating agencies also use other factors to
reflect the relationship between development and risk. In our study, we
use two different indicator variables to measure the causal relationship,
which make the analysis more comprehensive. One is industrialized clas-
sification, another is Least Developed Countries (LDCs) classification,
both of these two are provided by International Monetary Fund.

• Political Factor At this part, we use several variables to test for the
presence of relationship between rating and economic cooperation, geopo-
litical or culture affects. In the following, we classify the variables into
three categories: economic cooperation, politics, sociology.

Economic Cooperation

– Group of Seven or G7, an indicator variable for membership of
G7.
The Group of Seven or G7 is a group consisting of Canada, France,
Germany, Italy, Japan, the United Kingdom and the United States.
These countries, with the 7 largest advanced economies in the world.
If a country is the member of G7, the indicator variable takes 1,
and if not, the indicator takes 0.

– Group of Twenty or G20, an indicator variable for membership
of G20.
The G20 (or G-20 or Group of Twenty) is an international forum for
the governments and central bank governors from Argentina, Aus-
tralia, Brazil, Canada, China, France, Germany, India, Indonesia,
Italy, Japan, Mexico, the Republic of Korea, the Russian Federa-
tion, Saudi Arabia, South Africa, Turkey, the United Kingdom, the
United States. If a country is the member of G20, the indicator
variable takes 1, and if not, the indicator takes 0.

– OECD, The Organization for Economic Co-operation and Devel-
opment, an indicator variable for membership of OECD.

44



www.manaraa.com

The OECD is an intergovernmental economic organization with 35
member countries, founded in 1961 to stimulate economic progress
and world trade, consisting of Australia, Austria, Belgium, Canada,
Chile, Czech Republic, Denmark, Estonia, Finland, France, Ger-
many, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Latvia,
Luxembourg, Mexico, Netherlands, New Zealand, Norway, Poland,
Portugal, Slovakia, Slovenia, South Korea, Spain, Sweden, Switzer-
land, Turkey, United Kingdom, United States. If a country is the
member of OECD, the indicator variable takes 1, and if not, the
indicator takes 0.

Culture and sociology

Although there didn’t exist a strict international definition, many soci-
ologists and historians oppose “the West and the Rest” in a categorical
manner.(Thompson et al., 2016) From a cultural and sociological as-
pect,“the West” is defined as including all cultures that rooted in and
be derived by European cultures, it consists of Europe (European Union
members), Americas (Argentina, Brazil, Canada, Chile, Colombia, Mex-
ico, US, Uruguay) and Oceania (Australia, New Zealand). If a country
is in the list of “the West”, the indicator variable takes 1, and if not, the
indicator takes 0.
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Chapter 4 Statistical Method

In the beginning of this methodology section, we briefly introduce a linear
model. This general model is used in most of the previous literature and
research which focus on the determines of sovereign rating. Notice that, in the
existing literature, the researches assume homogeneity across the countries.

In the following parts, we introduces our analysis on the longitudinal data
of sovereign rating. Here, We carry out a regression problem with the longitu-
dinal data, modeling the heterogeneity by using two different methods: fixed
parameters and random quantities. The fixed parameters that account for the
heterogeneity are known as fixed effect. In contrast to fixed effect, the random
quantities which are used to model heterogeneity in lieu of fixed parameters
are known as random effect, and the analysis is cast in the mixed linear model
framework.

Section 4.2 discusses the fixed effect model, which treats the individual
parameters as unknown fixed value to be estimated. Section 4.3 assumes the
individual parameters which are under the same normal distribution. Section
4.4 discusses the feedback effect analysis, at here, we introduce indicator vari-
ables to capture the rating history movement, so as to analyze the effect of
which on the rating assignment.

To clarify the idea above, in this section we concentrate the following model,
with same notations through this dissertation,

yi = X ′iβ +Diαi + εi i = 1, . . . , n (4.1)

with yTi×1i = (yi1, . . . , yiTi)
′, Xk×Ti

i = (Xk×1
i1 , . . . , Xk×1

iTi
), εTi×1i = (εi1, . . . , εiTi)

′,

and DTi×1
i = (1, . . . , 1)′. While, yiti is the response variable, in our study

which is the sovereign rating, for the ith country at time t, xk×1it contains the
explanatory variables, βk×1 is the coefficient to be estimated and αi is the
heterogeneity parameter, which vary by subject.
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Under cross-sectional regression model, yit = αi + Xβ + εit at a certain
period, the disturbance term εit includes the information in αi. And, the
parameter αi are non-estimated without repeated observations. As a certain
t, we have n + K parameters to be estimated, meanwhile, we only get n
observations.

Comparing to cross-sectional regression model, longitudinal data models
provide a advantage, in another word, ability to separate the subject-specific
parameter αi from the error terms εit. With the help of longitudinal data
models, our estimations of parameter effects, both the global parameter β and
the subject-specific parameter αi, become more precise. And taking into con-
sideration of heterogeneity, we can get more inferences about subject-specific
effect in sovereign rating problems.

Besides investigating determines of sovereign rating and heterogeneous ef-
fect in rating assignment, we introduce a set of indicator to represent the
rating history changes, which are named as feedback effect. We denote two
variables, one-period feedback, which show the rating movement comparing
current level and previous one, and two-period lagged feedback, which com-
pares the previous level and two-period preceding ones. With OLS estimation,
we can estimate the parameters of the feedback effect indicator.

4.1 General Linear Model

As discussed in Section Two and Three, the explanatory variables includes
economic, financial and geopolitical variables. And as the first step, we assume
the homogeneity in sovereign rating across the countries, i.e, there exists a
constant term.

The general linear model to estimate is as follows:

yi,t =α + β1GDPi,t + β2GDPi,t + β3GDPgrowthi,t + β4INFi,t + β5FisBali,t

+ β6ExtBali,t + β7DebtXi,t + β8DEFi,t + β9DEV ELOPi,t + εi,t
(4.2)

where, yi is the rating level for country i. And we have the following ex-
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planatory variables: per capita GDP, real GDP, GDP growth, inflation, fiscal
balance, external balance, debt service ratio, default history and development
indicator.

As a further study, we take several geopolitical indicator variable into con-
sideration. Setting all of these explanatory variable as a vector, we can rewrite
the model 4.3 as:

yi,t = α +X ′i,tβ + εi,t (4.3)

with Xi contains the explanatory variables, and β is a vector of coefficient to
be estimated, α is the homogeneity parameter.

To fit a regression model 4.3 to the observed data, the least squares method
choose a, b, where b = (b1, b2, · · · , bk)′ to minimized the sum of squared resid-
uals (SSR),

SSR =
n∑
i=1

Ti∑
t=1

(yit − (a+ x′itb))
2 (4.4)

It is convenience to write a as ax0it, where x0 = 1. Then the regression
model 4.3 can be written in matrix form as

Y = Xβ + ε (4.5)

where

Y =


y1
y2
...
yn

, β =


α
β1
...
βk

, ε =


ε1
ε2
...
εn

, X =


X1

X2
...
Xn


with yTi×1i = (yi1, . . . , yiTi)

′, X
Ti×(k+1)
i = (X

(k+1)×1
i1 , . . . , X

(k+1)×1
iTi

)′, εTi×1i =

(εi1, . . . , εiTi)
′. And X

(k+1)×1
i,Ti

= (1, x1,i,Ti , · · · , x1,k,Ti)

The vector of least squares estimates of the β is given by,
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ˆβOLS = (X ′X)−1X ′Y (4.6)

Then we can estimate α by

α̂OLS = Ȳ − X̄ ′β̂OLS (4.7)

4.2 Fixed Effect Model

Here, using fixed parameters to represent the heterogeneity, we carry out a
regression problem under longitudinal data model. There is nonrandom quan-
tities for the heterogeneity which is known as fixed effect.

As mentioned above, there is a drawback in cross-sectional regression model,
in other words, we cannot estimate the coefficient for time-invariant variable.
The dataset we analyzed in this dissertation is a longitudinal panel dataset,
which is suitable for fixed effect approach analyzing the effect of time-varying
and time-invariant covariates separately (Greene, 2011).

Following the general setting and the basic model, equation 4.1. We esti-
mate the fixed effect model in the following, which is written in matrix form,


y1
y2
...
yn

 =


X1

X2
...
Xn

 β +


D1 0 · · · 0
0 D2 · · · 0

. . .

0 0 · · · Dn



α1

α2
...
αn

+


ε1
ε2
...
εn

 (4.8)

where yTi×1i = (yi1, . . . , yiTi)
′, XTi×k

i = (Xk×1
i1 , . . . , Xk×1

iTi
)′, εTi×1i = (εi1, . . . , εiTi)

′,

and DTi×1
i = (1, . . . , 1)′.

Equation 4.8 is known as the “least square dummy variable” (LSDV)
model, since the observed values of coefficient αi take the form of dummy
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variables (Hsiao, 2003). Rewrite as a reduced form,

Y = Xβ +Dα+ ε (4.9)

4.2.1 Fixed Effect Model: Ordinary Least Squares Estimation

Returning to the model, yi = αi + X ′iβ + εi, we now estimate the coefficient
of global and subject-specific parameter, β and αi. Denote a and b, where
b = (b1, b2, · · · , bk)′, as the ’possible’ value of coefficient, we have the sum of
squares in the model, as

SS(a, b) =
n∑
i=1

Ti∑
t=1

(yit − (ai + x′itb))
2 (4.10)

With the help of ∂
∂a
SS(a, b) = 0 and a = ȳi− x̄i′b, we get the OLS estimators,

β̂OLS =
( n∑
i=1

Ti∑
t=1

(xit − x̄i)2
)−1 n∑

i=1

Ti∑
t=1

(xit − x̄i)(yit − ȳi)

and
α̂iOLS = ȳi − x̄i′β̂OLS (4.11)

where ȳi = (
∑Ti

t=1 yit)/Ti and x̄i = (
∑Ti

t=1 xit)/Ti.

4.2.2 Fixed Effect Model: Generalized Least Squares Estimation

Turning to generalized linear square estimation, we relax the assumption of
error term, ε. In other words, for a full set of observations, there exists a
variance-covariance matrix, denoted as Ω, instead of the identity matrix in
ordinary linear model. And the matrix can be written as Ω = cov(εs, εt).
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Consider linear longitudinal data with regression model for each individual
at single period,

yit = X ′itβ + αi + εit i = 1, . . . , n; t = 1, . . . , Ti

Then we introduce another equation,

ȳi = X̄i
′
β + αi + ε̄i

where ȳi = 1
Ti

∑Ti
t=1 yit, X̄i = 1

Ti

∑Ti
t=1Xit and ε̄i = 1

Ti

∑Ti
t=1 εit, consequently we

have
yit − ȳi = (Xit − X̄i)

′β + (εit − ε̄i) (4.12)

From 4.12, we can get a GLS estimation of β, which are shown as follows
with notation, ε̃it = εit − ε̄i:

Note that,

V ar(ε̃it) = V ar
[
(1− 1

Ti
)εit −

∑
r 6=t

1

Ti
εir
]

=
Ti − 1

Ti
σ2

Cov(ε̃it, ε̃is) = Cov
[
(1− 1

Ti
)εit −

∑
r 6=t

1

Ti
εir, (1−

1

Ti
)εis −

∑
r 6=s

1

Ti
εis
]

= −2(1− 1

Ti
)

1

Ti
σ2 (4.13)

Hence,

Cov(ε̃i) =
[(Ti + 2)(Ti − 1)

T 2
i

ITi −
2(Ti − 1)

T 2
i

JTi

]
σ2 (4.14)

where ITi is a Ti × Ti identity matrix and JTi is a Ti × Ti matrix with all
elements equals 1. What’s more, at here, we denote the covariance matrix as
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Vi

The generalized least-squares sum of squares is

SS(b) =
n∑
i=1

Ti∑
i=1

(
(yit− ȳi)−(Xit−X̄i)

′b
)′
V −1i

(
(yit− ȳi)−(Xit−X̄i)

′b
)

(4.15)

b here is estimator of β, where b = (b1, b2, · · · , bk)′.

Following the same method as used in previous section, we take partial
derivative with respect to b and setting to zero,

∂

∂b
SS(b) = −2

n∑
i=1

Ti∑
i=1

(Xit − X̄i)V
−1
i

(
(yit − ȳi)− (Xit − X̄i)

′b
)

(4.16)

then we get

β̂GLS =
( n∑
i=1

Ti∑
i=1

(Xit−X̄i)V
−1
i (Xit−X̄i)

′
)−1 n∑

i=1

(Xit−X̄i)V
−1
i (yit−ȳi) (4.17)

Then we can estimate αi by

α̂i,GLS = ȳi − X̄i
′
β̂GLS (4.18)

Consequently, we can get the fitted value,

ŷit = X ′itβ̂ + α̂i = ȳi +
(
Xit − X̄i

)′
β̂ (4.19)

52



www.manaraa.com

and residuals,

eit , yit − ŷit = (yit − ȳi)−
(
Xit − X̄i

)′
β̂

=
(
Xit − X̄i

)′(
β − β̂

)
+ (εit − ε̄i) (4.20)

4.2.3 Fixed Effect Model: Multivariable with GLS estimation

In previous section, we introduce a subject-specific intercept, which vary by
individuals, in the model. To make it widely used, we set up a more compact
model with multivariables. At here, we can treat the fixed effect parameter as
slopes which vary by subject.

Consider linear longitudinal data model with regression model,

yi = X ′iβ + Ziαi + εi i = 1, . . . , n

where yTi×1i = (yi1, . . . , yiTi)
′, εTi×1i = (εi1, . . . , εiTi)

′, the explanatory variables
Zi = (Zit,1, . . . , Zit,k) and what’s more, the variance-covariance matrix of εi,
Ωi, is assumed known.

The generalized least-squares sum of squares is

SS(a, b) =
n∑
i=1

(
yi − (X ′ib+ Ziai)

)′
Ω−1i

(
yi − (X ′ib+ Ziai)

)
(4.21)

a, b here are estimators of α and β, where α = (α1, · · · , αn)′ and b =
(b1, b2, · · · , bk)′.

Taking partial derivatives of SS with respect to each subject-specific coef-
ficient, αi, and set them equal to zero,

∂

∂ai
SS(a, b) = −2Z ′iΩ

−1
i

(
yi − (X ′ib+ Ziai)

)
(4.22)
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then,
ai = (Z ′iΩ

−1
i Zi)

−1Z ′iΩ
−1
i (yi −Xib) (4.23)

Furthermore, we introduce a matrix, Ri, whereRi = Ω
− 1

2
i Zi(Z

′
iΩ
−1
i Zi)

−1Z ′iΩ
− 1

2
i .

Then, we can see that Ri ·Ri = Ri, which means idempotent, what’s more, Ri

is symmetric.

We can rewrite equation (4.23) as Ω
− 1

2
i Ziai = RiΩ

− 1
2

i (yi −X ′ib)

Ω
− 1

2
i

(
yi − (X ′ib+ Ziai)

)
= Ω

− 1
2

i (yi −X ′ib)− Ω
− 1

2
i Ziαi

= Ω
− 1

2
i (yi −X ′ib)−RiΩ

− 1
2

i (yi −X ′ib)

= (I −Ri)Ω
− 1

2
i (yi −X ′ib)

= QiΩ
− 1

2
i (yi −X ′ib) (4.24)

Since Ri is idempotent and symmetric, Qi = I − Ri is also idempotent and
symmetric.

Then we have,

SS(a, b) =
n∑
i=1

(yi −X ′ib)′Ω
− 1

2
i QiΩ

− 1
2

i (yi −X ′ib) (4.25)

Taking partial derivative with respect to b and setting to zero,

β̂ = (
n∑
i=1

X ′iΩ
− 1

2
i QiΩ

− 1
2

i Xi)
−1

n∑
i=1

X ′iΩ
− 1

2
i QiΩ

− 1
2

i yi (4.26)

and
α̂i = (Z ′iΩ

−1
i Zi)

−1Z ′iΩ
−1
i (yi −X ′iβ̂) (4.27)
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4.3 Random Effect Model

In contrast to the character of model in previous section, in which the het-
erogeneity is modeled using fixed parameters, this section introduces a differ-
ent model framework, and at here the heterogeneity is featured by random
quantities. This model is called error-component model since the variation of
model comes from two aspects: the random effect, αi, and, the random error,

εit. Random effect model, here, assumes αi
i.i.d∼ N(0, σ2

α) to be the unknown
subject-specific random effect. At here, we assume that αi, εit are independent.

The random effect model, which we analyze in the dissertation, is shown
as follows:

yit = X ′itβ + αi + εit i = 1, . . . , n; t = 1, . . . , Ti

With assumptions: (I) αi
i.i.d∼ N(0, σ2

α) and (II) {αi}, {εit} are independent.
Then rewrite the model for individual i:

Yi = Xiβ +Diαi + εi i = 1, . . . , n

where Yi = (yi1, . . . , yiTi), Xi = (Xi1, . . . XiTi)
′, εi = (εi1, . . . , εiTi)

′ and Di =
(1, . . . , 1)′.

Since the variation of the model is different from the fixed effect one, we
calculate the variance of response variable first, which we denote as Vi for
V ar(Yi):

E(Yi|αi) = Xiβ +Diαi

E(Yi) = E(E(Yi|αi)) = Xiβ

V ar(Yi|αi) = E
[
(Yi|αi − E(Yi|αi))(Yi|αi − E(Yi|αi))′

]
= E(εiε

′
i)

= σ2ITi
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Then, we get,

Vi = V ar(E(Yi|αi)) + E(V ar(Yi|αi))
= V ar(Xiβ +Diαi) + E(σ2ITi) = E(α2

iJTi) + σ2ITi
= σ2

αJTi + σ2ITi (4.28)

where ITi is a Ti × Ti identity matrix and JTi is a Ti × Ti matrix with all
elements equals 1. According to the Sherman-Morrison formula,

V −1i =
1

σ2

(
ITi −

σ2
α

σ2 + σ2
αTi

JTi
)

=
1

σ2

(
ITi −

τ

1 + Tiτ
JTi
)

(4.29)

where τ = σ2
α

σ2 .

Since

Yi|αi ∼ N(Xiβ +Diαi, σ
2ITi),

αi ∼ N(0, σ2
α),

we can get the probability density functions of Yi by integrating the random
effects, αi, from f(Yi) =

∫∞
−∞ f(Yi|αi)f(αi)dαi, which can be rewrite as f(Yi) =

1√
(2π)Tidet(Vi)

exp
(
− 1

2
(Yi −Xiβ)′V −1i (Yi −Xiβ)

)
. Thus we have

Yi ∼ N(Xiβ, Vi)

Furthermore, we can get the closed form of full likelihood function as:
L(X, Y ; β, σ2, σ2

α) =
∏n

i=1 Li(Xi, Yi; β, σ
2, σ2

α), and the log-likelihood function
for each subject i can be write as:

li(β, σ
2, σ2

α) = −1

2

{
Ti log(2π)+log det(Vi)+(Yi−Xiβ)′V −1i (Yi−Xiβ)

}
(4.30)
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where Vi = σ2ITi + σ2
αJTi .

From Demidenko (2013), we have:

log det(σ2ITi + σ2
αJTi) = Ti log σ2 + log(1 +

Tiσ
2
α

σ2
) (4.31)

Given σ2, σ2
α, the best linear unbiased estimator of the global parameter is

the generalized least square estimator, which we denote as β̂GLS, given by

β̂GLS =
( n∑
i=1

X ′iV
−1
i Xi

)−1 n∑
i=1

X ′iV
−1
i Yi

=
( n∑
i=1

X ′i
(
ITi −

τ

1 + Tiτ
JTi
)
Xi

)−1 n∑
i=1

X ′i
(
ITi −

τ

1 + Tiτ
JTi
)
Yi (4.32)

which can be easily shown when we maximize the log-likelihood function (4.30)
with given σ2, σ2

α.

The consequential step is to estimate σ2 and σ2
α. When analyzing the

linear regression models constructed by quantitative dependent variables, there
is a commonly used methodology, demeaning variable. The within-subject
means for each variable (both the explanatory variables, X, and the response
variables, Y) are subtracted from the observed variables. This basically gets
rid of all subject-specific variability (which may be contaminated by omitted
variable bias) and leaves only the within-subject variability to analyze.

To estimate the variance of error term, we analyze the model for each
individual subject i, then we have yit = X ′itβ+αi + εit and ȳi = X̄i

′
β+αi + ε̄i,

where ȳi, X̄i and ε̄i are the demeaning variable, which are given by 1
Ti

∑Ti
t=1 yit,(∑Ti

t=1Xit,1, . . . ,
∑Ti

t=1Xit,k

)T
and

∑Ti
t=1 εit correspondingly. Then we use εit−

ε̄ = (yit − ȳi)− (Xit − X̄i)
Tβ.

Taking maximum likelihood estimation, we can get least square estimator
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for σ2 is,

σ̂2 =
1∑n

i=1(Ti − 1)

n∑
i=1

Ti∑
t=1

[
(yit − ȳi)− (Xit − X̄i)

T β̂
]2

(4.33)

To estimate the variance of random effect, we analyze the model for all
individuals, then we have ȳi = X̄i

′
β + αi + ε̄i and ȳ = X̄ ′β + ᾱ+ ε̄, where ȳ =

1
n

∑n
i=1 ȳi, ᾱ = 1

n

∑n
i=1 ᾱi, ε̄ = 1

n

∑n
i=1 ε̄i and X̄ = 1

n

∑n
i=1 X̄i,1, . . . ,

1
n

∑n
i=1 X̄i,k)

′.
Then we use ȳi − ȳ = (X̄i − X̄)β + αi − ᾱ + ε̄i − ε̄, and take variance of both
sides:

V ar(ȳi − ȳ) = V ar(αi − ᾱ) + V ar(ε̄i − ε̄) (4.34)

and

V ar(αi − ᾱ) = V ar(αi −
1

n
αi −

1

n

n∑
j 6=i

αj) =
(
1− 1

n

)2
σ2
α +

1

n2
(n− 1)σ2

α

=
n− 1

n
σ2
α

V ar(ε̄i − ε̄) = V ar(ε̄i −
1

n
ε̄i −

1

n

n∑
j 6=i

ε̄j) =
(
1− 1

n

)2
V ar(ε̄i) +

1

n2

n∑
j 6=i

V ar(ε̄j)

=
(
1− 1

n

)2 1

Ti
σ2 +

1

n2
σ2

n∑
j 6=i

1

Tj

=
(
1− 2

n

) 1

Ti
σ2 +

σ2

n2

n∑
i=1

1

Ti
(4.35)

where V ar(ε̄i) = V ar( 1
Ti

∑Ti
t=1 εit) = 1

T 2
i
Tiσ

2 = 1
Ti
σ2

Merging equation (4.35) into (4.34): n−1
n
σ2
α = V ar(ȳi − ȳ) − V ar(ε̄i − ε̄).
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Then we can get the estimator of σ2
α:

σ̂2
α =

n

n− 1

1

n

n∑
i=1

(
ȳi − ȳ

)2 − n

n− 1

1

n

((
1− 2

n

) n∑
j=1

1

Tj
+ n

1

n2

n∑
i=1

1

Ti

)
σ̂2

=
1

n− 1

n∑
i=1

(
ȳi − ȳ

)2 − 1

n

n∑
i=1

1

Ti
σ̂2 (4.36)

Finally, with estimation of β, σ2 and σ2
α, we can estimate the subject-

specific random effect αi. Consider the best linear unbiased predictor (Hen-
derson, 1975), which show that, the mean square error E||α̂−α||2 is minimized
by all predictors α̂ = α̂(y) of α based on y, at here α is a vector with the ele-
ment of all αi. In particular,

α̂BLUP = argmin
α̂

E||α̂− α||2

See Lai and Xing (2008),

α̂ = Σ21Σ
−1
11 (y −Xβ) (4.37)

where Σ21 and Σ11 is defined by

Σ21 = Cov(y, α)′ =


σ2
α, . . . , σ

2
α︸ ︷︷ ︸

T1

0 · · ·

. . .

0 · · · σ2
α, . . . , σ

2
α︸ ︷︷ ︸

Tn


Σ11 = Cov(y) = diag(V1, . . . , Vn) (4.38)

where Vi = σ2ITi + σ2
αJTi , and y here is the vector of explained variables for

all individuals in each period, α is the vector of random effect estimators.
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With β̂GLS, we get the best linear unbiased predictor,

α̂BLUP = Σ21Σ
−1
11 (y −Xβ̂GLS) (4.39)

Then, the fitted values are,

ŷit = X ′itβ̂ + α̂i (4.40)

4.4 Feedback Effect

In order to investigate the feedback effect of sovereign rating, we introduce a
group of criteria to measure the movement in rating history and define them
as indicator variables. To be more specific, they are shown as follows:

Zit,1 =


1 yi,t−1 > yi,t−2
0 yi,t−1 = yi,t−2
0 yi,t−1 < yi,t−2

where Zit is the explanatory variable which present history movement, for
individual i at period t, yi,t here is the numerical rating level for individual i
at period t and Zit,1 here means positive rating history movement.

Similarly,

Zit,2 =


0 yi,t−1 > yi,t−2
0 yi,t−1 = yi,t−2
1 yi,t−1 < yi,t−2

Zit,3 =


0 yi,t−1 > yi,t−2
1 yi,t−1 = yi,t−2
0 yi,t−1 < yi,t−2

where Zit,2 here means stable rating history and Zit,3 here means negative
rating history movement. Notice that Zit,1 +Zit,2 +Zit,3 = 1 for any individual
at a certain period.
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Moreover, we introduce a lag-feedback effect variable for advanced analysis,
it can be denoted similarly as feedback effect variable, which is shown as
follows:

Wit,1 =


1 yi,t−2 > yi,t−3
0 yi,t−2 = yi,t−3
0 yi,t−2 < yi,t−3

where Wit is the explanatory variable which lagged history movement, for
individual i at period t. Similarly,

Wit,2 =


0 yi,t−2 > yi,t−3
0 yi,t−2 = yi,t−3
1 yi,t−2 < yi,t−3

Wit,3 =


0 yi,t−2 > yi,t−3
1 yi,t−2 = yi,t−3
0 yi,t−2 < yi,t−3

As we see, Zit,1 + Zit,2 + Zit,3 = 1, Wit,1 +Wit,2 +Wit,3 = 1, any one of the
feedback variable can be write as linear combination of other two. So, when
carrying out the empirical analysis, we use two of the three variables.

Then general model to estimate can be developed from the model 4.3:

yi = α +X ′iβ + γ1Zi,1 + γ2Zi,2 + δ1Wi,1 + δ2Wi,2 + εi (4.41)

It is convenience to write a as ax0it, where x0 = 1, and the indicator
variables, Zi,Wi can be included in the explanatory variable set Xi. Then the
regression model 4.3 can be written in matrix form as

Y = Xβ + ε (4.42)

where

Y =


y1
y2
...
yn

, β =


α
β1
...
βk

, ε =


ε1
ε2
...
εn

, X =


X1

X2
...
Xn
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with yTi×1i = (yi1, . . . , yiTi)
′, X

Ti×(k+5)
i = (X

(k+5)×1
i1 , . . . , X

(k+5)×1
iTi

)′, εTi×1i =
(εi1, . . . , εiTi)

′

The vector of least squares estimates of the β is given by,

ˆβOLS = (X ′X)−1X ′Y (4.43)

Then we can estimate α by

α̂OLS = Ȳ − X̄ ′β̂OLS (4.44)
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Chapter 5 Empirical analysis

We build a rating database with sovereign foreign currency rating at-
tributed by Standard & Poor’s and Moody’s. For the rating notations we
covered the period from 1980 to 2016. The quarterly rating level we used is
the rating that was attributed at last day of corresponding quarter. Taking
the data availability of the explanatory covariates into consideration, our em-
pirical analysis only cover the period from 1993 to 2016. Fiscal balance and
external balance are in percentage of GDP, debt service ratio is in percentage
of export. Overall we have an unbalance panel with 67 countries for Standard
& Poor’s, 66 countries for Moody’s and 60 countries for Fitch’s data set.

Two sets of variables are used in the analysis, economic covariates and
indicator covariates. Firstly, macroeconomic and finance covariates include

• GDP per capita: we take the natural logarithm value of GDP per capita
PPP current international dollar.

• Real GDP: we take the natural logarithm value of real GDP.

• GDP growth rate: we use the annual percentage growth rate of GDP
per capita.

• Inflation: we use the annual change of consumer price index.

• Fiscal balance: we take the percentage of government budget balance in
GDP.

• External balance: we take the percentage of current account balance in
GDP.

• Debt service ratio: we take the percentage of external debt in export.

Then, the indicator covariates include
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• Default history: The default event record, 1 means the country has de-
faulted history on its issued bond, 0 means default event never happen.

• Economic development I: The industrialized classification, 1 means the
country is industrialized one and 0 for non-industrialized countries .

• Economic development II: The least developed countries classification,
1 means the country is least developed and 0 for non least developed
countries.

• Geopolitics I: Group of seven(G7) classification, 1 means the country is
a member of G7, 0 means it’s not in the membership.

• Geopolitics II: Group of twenty(G20) classification, 1 means the country
is a member of G20, 0 means it’s not in the membership.

• Geopolitics III: OECD classification, 1 means the country is a member
of OECD, 0 means it’s not in the membership.

• Sociology: The west country classification: 1 means the country rooted
in and derived by European cultures, 0 means it doesn’t.

As the first step, we set the macroeconomic and finance covariates as base-
line data set to estimate the fixed and random effect parameters. Then we
introduce the indicator variables into analysis term by term to check the in-
fluence on parameter estimation.

Like most previous literature, we transform sovereign ratings into data for
regression analysis. To be more specific, we assign numerical values to the
credit rating agencies’ criteria as follows: AAA/Aaa = 8, AA+, AA,AA −
/Aa1, Aa2, Aa3 = 7 and so on through D = 1. I.e, a higher rating level comes
with a higher numerical value.

5.1 Linear Regression

Generally speaking, the table 5.1 shows that the variables we selected have
significant influence on dependent variable. While, note that, we classify in-
dustrialization and ‘Least Developed country’ into ‘Economic Development’
indicator variable.
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In regular linear regression, as conducted in this part, we treat the intercept
part as a common factor. The subject-specific influences are absorbed into
the estimation of global parameters, which makes the results can’t reveal the
potential individual-specific effect.

Table 5.1: Estimation of linear regression, with S&P, Moody and Fitch Data.

Begin of Table
S&P’s Rating Moody’s Rating Fitch’s Rating

Intercept -14.338 *** 1 -18.401 *** -13.905 ***
(-44.727) 2 (-48.013) (-35.970)

Econ. & Fin. Covar.
Per capita income 1.265 *** 1.371 *** 1.368 ***

(50.500) (48.271) (39.259)
Real GDP 0.286 *** 0.395 *** 0.287 ***

(23.922) (29.130) (18.596)
GDP growth rate 0.056 *** 0.058 *** 0.046 ***

(10.291) (9.393) (6.937)
Inflation -0.029 *** -0.002 ** -0.025 ***

(-15.748) (-2.661) (-11.877)
Fiscal Balance 0.038 *** 0.042 *** 0.032 ***

(7.172) (6.957) (4.886)
External Balance -0.004 * -0.011 ** -0.006

(-1.302) (-3.005) (-1.483)
Debt ratio -0.006 *** -0.004 *** -0.006 ***

(-4.119) (-2.738) (-3.414)

Indicator Covar.
Default History -1.397 *** -1.366 *** -1.569 ***

(-11.926) (-10.739) (-10.619)
Industrialization 1.013 *** 0.981 *** 0.391 ***

(19.639) (16.644) (5.156)
Least Developed Country -1.529 *** -1.640 *** -2.477 ***

(-8.886) (-4.344) (-9.514)
Group of Seven (G7) 0.809 *** 0.628 *** 0.904 ***

(11.449) (7.748) (12.136)
Group of Twenty (G20) -0.778 *** -0.897 *** -0.714 ***

1 . Significant at the 10 percent level; * Significant at the 5 percent level
** Significant at the 1 percent level; *** Significant at the 0.1 percent level

2 The t-statistics are in parentheses

65



www.manaraa.com

Continuation of Table 5.1
S&P’s Rating Moody’s Rating Fitch’s Rating
(-14.493) (-15.040) (-10.157)

OECD 1.124 *** 1.101 *** 1.486 ***
(23.652) (21.427) (25.588)

Sociology 1.542 *** 1.579 *** 1.906 ***
(34.700) (33.271) (37.476)

Adjusted R-squared 0.735 0.687 0.730
Standard error 0.988 1.125 1.007

End of Table

As an initial analysis, we can see the most of the parameter seems reason-
able to anticipate the signs. In particular, a high per capita income appears
to be closely related to the high ratings, so as the real GDP, GDP growth
rate, fiscal balance and external balance. Inflation and default history make
negative influence on rating assignment. To be more specific, as indicators of
economic performance, GDP and GDP growth rate, provide the country tax
and fiscal bases and health economy structure to repay the existing debt bur-
den. And, the government budget balance determines a sovereign’s flexibility,
it reveals the sovereign’s ability to repay the debt from their tax revenue.

By contrast, Inflation, an indicator to measure issuer’s credibility of its
monetary policy, reflect structure problems in the government’s finances, and
as a further step, a relative high inflation rate threaten the ability to repay
the sovereign debt. External debt, in our study which is introduced by debt
ratio, reveals that higher debt burden correspond to a lower assigned rating.
Another negative indicator on rating assignment, the default history perceived
as a crucial signal of credit risk.

As economic development indicator variable, the countries, which is classi-
fied as industrialization and non-least developed, have a higher rating than the
ones with lower economic development. And, we can also see, the membership
in some economic and finance cooperation organization helps the countries get
better rating level.

It is interesting to point also to the signs for the explanatory variable, Ex-
ternal Balance, is different from expectation and existing literature. A current
balance surplus makes the issuers receive relatively low rating. Moreover, we
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should notice that this explanatory variable loses its statistical significance
under analysis with Fitch data.

The results for all ratings are shown in Table 5.1 and allow us to conclude
that all the coefficients have the expected signs, which is discussed in ‘deter-
minants in sovereign ratings’ section, except for the external balance. And,
most of the coefficients are indeed statistically different from zero. What’s
more, the results assesses that whether S&P, Moody or Fitch are using the
same explanatory variables when they indicative rating levels. This is tested
by pooling the data for all ratings and by running a common linear regression.

5.2 Estimation of Parameter under Fixed Effect

As the empirical result with fixed effect model. We firstly discuss the estima-
tion of common parameter, economic and financial indicators. Then we move
on to the country-specific parameters.

5.2.1 Common Parameter

The table 5.2 shows that the estimation values of each parameter have same
signs, with the comparison to linear regression model. In particular, real GDP,
GDP growth and fiscal balance have negative relationship with the numerical
rating level, which means that a higher real GDP, GDP growth rate and fiscal
balance appear to be closely related to high rating. On the contrary, a higher
inflation, external balance and debt service ratio relate to lower rating.
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Table 5.2: Estimation of common coefficient under fixed effect with GLS, with
S&P, Moody and Fitch Data

S & P’s Rating Moody’s Rating Fitch’s Rating

Econ. & Fin. Covariates

Per capita income 0.0799 0.3219 0.3607

Real GDP 1.0198 0.597 0.5387

GDP growth rate 0.0209 0.0068 0.0103

Inflation -0.0087 -0.0003 -0.0068

Fiscal Balance 0.038 0.0564 0.0531

External Balance -0.0377 -0.0476 -0.0487

Debt ratio -0.0047 -0.0061 -0.0046

Indicator Covariates

Default History -0.6314 -0.1616 0.188

Industrialization -1.0069 -13.3669 0.0135

Least Developed Country 1.3134 -13.3672 -0.8158

Group of Seven (G7) -1.0069 -0.9736 0.5973

Group of Twenty (G20) -0.2916 -0.2358 0.5973

OECD -1.0069 0.5298 0.0368

Sociology -1.0068 0.3739 0.0368

Focus on the table 5.2, the estimated parameter for the indicator variables
show difference among the rating agencies. Especially in the indicator covari-
ates part, the sign and weight of these geopolitics and development variables
are different.
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5.2.2 Estimation of Fixed Effect

In this part, we show the empirical result analyzed with S&P, Moody and
Fitch data case by case. And for each case, we illustrate with the help of data
map, which show the result in a worldwide map, clustered bar and histogram
bar.

S&P data

As the first part, we introduce the result with S&P data. In Table 5.3, we can
see the estimation of country-specific fixed effect. It show that each country
get a different rating scale even the rating assignment is under a common
parameter set.
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Table 5.3: Estimation of fixed effect coefficient with GLS, with S&P Data

Country Fix. Eff. Country Fix. Eff. Country Fix. Eff.

Argentina -2.123 Hungary 0.863 Peru 0.114

Australia 1.558 Iceland 3.477 Philippines -0.267

Austria 2.656 India -1.917 Poland 0.144

Belgium 1.690 Indonesia -2.036 Portugal 1.047

Bolivia 1.283 Ireland 2.405 Romania -0.241

Brazil -2.622 Italy -0.835 Russia -2.024

Bulgaria 1.153 Jamaica 0.677 Rwanda 1.281

Cameroon 0.268 Japan -0.913 Saudi Arabia 1.471

Canada 1.342 Kazakhstan 0.519 Singapore 4.119

Chile 1.459 Kenya -0.186 Slovenia 3.033

China -1.849 Latvia 2.481 South Africa -0.325

Colombia -0.475 Lebanon -0.422 South Korea -0.368

Czech Rep. 1.738 Lithuania 2.368 Spain 0.298

Denmark 3.141 Luxembourg 5.647 Sri Lanka -0.320

Dom. Rep. 0.149 Mexico -1.463 Thailand 0.381

Ecuador -0.939 Mongolia 1.955 Turkey -1.982

Egypt -0.682 Morocco 0.527 Uganda 0.282

Estonia 3.600 Netherlands 2.232 Ukraine -1.110

Finland 3.168 New Zea. 2.604 United Kingdom 1.099

France 0.657 Nigeria -1.618 United States -1.007

Germany 0.826 Oman 2.814 Uruguay 1.313

Ghana -0.280 Pakistan -1.380

Greece -0.453 Paraguay 1.066

In Figure 5.1, we illustrate the estimation of fixed effect with S&P data,
and with the map, we can observe the results intuitively.
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Figure 5.1: Estimation of Fixed Effect with S&P data

We can see that, countries in Northern Europe, Oceania and Middle East
come along with high-level of subject-specific parameter. These countries share
several similar characters, as high performance in economics and finance, sta-
ble political structure or geopolitics patterns. For example, several European
countries get significant improvement, as Denmark, Finland, Iceland and Lux-
embourg. Several high developed country also get the benefit, like Singapore.
On the contrary, most of countries in South America and Asia get relatively
lower level rating assignment.

With the help of histogram and clustered figure 5.2, we get information
about the distribution of data.
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Figure 5.2: Histogram of Fixed Effect with S&P data

Moody data

In this part, we introduce the result with Moody data. In Table 5.4, we can see
the estimation of country-specific fixed effect. It show that each country get a
different rating scale even the rating assignment is under a common parameter
set.
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Table 5.4: Estimation of fixed effect coefficient with GLS, with Moody Data

Country Fix. Eff. Country Fix. Eff. Country Fix. Eff.

Argentina -1.951 Greece -0.924 Pakistan -1.144

Australia 0.849 Hungary 0.105 Paraguay -0.452

Austria 1.439 Iceland 1.164 Peru -0.304

Belgium 0.736 India -0.641 Philippines -0.545

Bolivia 0.082 Indonesia -1.156 Poland 0.036

Brazil -1.870 Ireland 0.802 Portugal 0.198

Bulgaria -0.215 Italy -0.320 Romania -0.640

Cameroon -0.403 Jamaica -0.972 Russia -1.200

Canada 0.826 Japan 0.142 Saudi Arabia 0.030

Chile 0.271 Kazakhstan -0.256 Singapore 2.209

China -0.088 Kenya -0.748 Slovenia 0.981

Colombia -0.594 Latvia 0.855 South Africa -0.193

Czech Rep. 0.298 Lebanon -1.392 South Korea -0.270

Denmark 1.631 Lithuania 0.498 Spain 0.252

Dom. Rep. -0.809 Luxembourg 2.781 Sri Lanka -1.037

Ecuador -1.558 Mexico -0.914 Thailand -0.080

Egypt -0.809 Mongolia -0.429 Turkey -1.607

Estonia 1.071 Morocco -0.339 Uganda -0.479

Finland 1.618 Netherlands 1.424 Ukraine -1.306

France 0.638 New Zea. 1.661 United Kingdom 0.784

Germany 0.757 Nigeria -0.984 United States -0.048

Ghana -1.071 Oman 0.953 Uruguay -0.049

In Figure 5.3, Intuitively, we illustrate the estimation of fixed effect ana-
lyzed by Moody data with help the worldwide map.
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Figure 5.3: Estimation of Fixed Effect with Moody data

Similarly with S&P result, with the analysis under Moody’s data, countries
in Northern Europe, Oceania and Middle East receive high-level of subject-
specific parameter. In the meanwhile, we can see some countries still suf-
fer high-level negative influence from the subject-specific parameter, they are
Argentina, Brazil, China, India, Indonesia, Mexico, Nigeria, Russia, Turkey,
Uruguay, most of which are developing countries.

With the help of histogram and clustered figure 5.4, we get information
about the distribution of data.
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Figure 5.4: Histogram of Fixed Effect with Moody data

Fitch data

In this part, we introduce the result with Moody data. In Table 5.5, we can see
the estimation of country-specific fixed effect. It show that each country get a
different rating scale even the rating assignment is under a common parameter
set.
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Table 5.5: Estimation of fixed effect coefficient with GLS, with Fitch Data

Country Fix. Eff. Country Fix. Eff. Country Fix. Eff.

Argentina -2.459 Greece -0.790 Nigeria -0.639

Australia 0.549 Hungary -0.033 Pakistan -1.331

Austria 1.711 Iceland 0.726 Paraguay 0.112

Belgium 0.895 India -0.551 Peru -0.240

Bolivia 0.084 Indonesia -1.151 Philippines -0.267

Brazil -1.558 Ireland 1.115 Poland -0.055

Bulgaria 0.012 Italy -0.178 Portugal 0.276

Cameroon -0.387 Jamaica -1.028 Romania -0.490

Canada 0.615 Japan -0.145 Russia -1.161

China -0.294 Kazakhstan -0.192 Rwanda 0.444

Czech Rep. 0.520 Kenya -0.593 Slovenia 1.230

Denmark 1.853 Latvia 0.714 South Korea -0.151

Dom. Rep. -1.218 Lebanon -1.511 Spain 0.356

Ecuador -1.411 Lithuania 0.502 Sri Lanka -0.399

Egypt -0.597 Luxembourg 2.867 Turkey -1.337

Estonia 1.139 Mexico -0.843 Uganda -0.092

Finland 1.881 Mongolia -0.486 Ukraine -1.153

France 0.901 Morocco 0.236 United Kingdom 0.954

Germany 1.008 Netherlands 1.664 United States 0.134

Ghana -0.858 New Zea. 1.149 Uruguay -0.047

In Figure 5.5, we illustrate the estimation of fixed effect with Fitch data,
and with the map, we can observe the results intuitively.
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Figure 5.5: Estimation of Fixed Effect with Fitch data

Slightly different from the result above, United States receive a relatively-
high rating assignment compared with the other two rating agencies. And
countries in Northern Europe, Oceania and Middle East receive high-level of
subject-specific parameter.

With the help of histogram and clustered figure 5.6, we get information
about the distribution of data.
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Figure 5.6: Histogram of Fixed Effect with Fitch data

Comparing the results of analysis with three agencies’ data, there are some
meaningful findings. The countries experienced financial crisis in currency or
bond, all got low estimated fixed effect value, like Argentina, Brazil, Greece,
Italy, Turkey and Russia. Even though some of them locates in Europe. And
there is bias problem in result. For example, China receive a relative-high
estimated value from Moody, and the estimated fixed effect value for United
States is much lower in the result with S&P data.

5.3 Estimation of Parameter under Random Effect

As the empirical result with random effect model. We firstly discuss the es-
timation of common parameter, economic and financial indicators. Then we
move on to the country-specific parameters.
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5.3.1 Common Parameter

The table 5.6 shows that the estimation values of each parameter have same
signs, with the comparison to linear regression model. In particular, GDP
growth and fiscal balance have positive relationship with the numerical rating
level, which means that a higher real GDP, GDP growth rate and fiscal bal-
ance appear to be closely related to high rating. On the contrary, a higher
inflation, external balance and debt service ratio relate to lower rating. It
is noteworthy that, the signs of explanatory variable, Real GDP, in Moody
and Fitch’s analysis, are different from linear regression model and fixed effect
model.
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Table 5.6: Estimation of common coefficient under random effect with GLS,
with S&P, Moody and Fitch Data

S & P’s Rating Moody’s Rating Fitch’s Rating

Econ. & Fin. Covariates

Per capita income 0.0096 0.7695 0.6308

Real GDP 0.9126 -0.0535 -0.0005

GDP growth rate 0.0213 0.0084 0.0113

Inflation -0.0084 -0.0001 -0.0075

Fiscal Balance 0.038 0.0563 0.0531

External Balance -0.0382 -0.0498 -0.0515

Debt ratio -0.0048 -0.0069 -0.0047

Indicator Covariates

Default History -0.6299 -0.1676 -0.0397

Industrialization 1.2431 0.968 0.017

Least Developed Country 0.4489 -9.6374 -0.7995

Group of Seven (G7) 0.1043 1.5426 0.7824

Group of Twenty (G20) -0.2911 -0.1768 0.7824

OECD 1.2428 0.5015 0.0725

Sociology 1.7825 0.3403 0.0852

Focus on the table 5.6, the estimated parameter for the indicator variables
show difference among the rating agencies. Under the random effect analysis,
the sign and weight of the economic development and geopolitical variable are
almost the same, which is different from the fixed effect analysis, except for
G-20 classification.
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5.3.2 Estimation of Random Effect

In this part, we show the empirical result under random effect analyzed with
S&P, Moody and Fitch data case by case. And for each case, we illustrate with
the help of data map, which show the result in a worldwide map, clustered
bar and histogram bar.

S&P data

As the first part, we introduce the result with S&P data. In Table 5.7, we
can see the estimation of country-specific random effect. It shows that each
country get a different rating scale even the rating assignment is under a
common parameter set.

81



www.manaraa.com

Table 5.7: Estimation of random effect coefficient with GLS, with S&P Data

Country Ran. Eff. Country Ran. Eff. Country Ran. Eff.

Argentina -2.354 Hungary 0.496 Peru -0.177

Australia 1.362 Iceland 2.802 Philippines -0.476

Austria 2.345 India -1.879 Poland -0.084

Belgium 1.406 Indonesia -2.138 Portugal 0.719

Bolivia 0.834 Ireland 2.025 Romania -0.550

Brazil -2.654 Italy -0.946 Russia -2.108

Bulgaria 0.720 Jamaica 0.141 Rwanda 0.824

Cameroon -0.097 Japan -0.919 Saudi Arabia 1.192

Canada 1.186 Kazakhstan 0.163 Singapore 3.710

Chile 1.164 Kenya -0.496 Slovenia 2.591

China -1.739 Latvia 1.953 South Africa -0.531

Colombia -0.702 Lebanon -0.904 South Korea -0.542

Czech Rep. 1.394 Lithuania 1.877 Spain 0.147

Denmark 2.813 Luxembourg 5.064 Sri Lanka -0.702

Dom. Rep. -0.263 Mexico -1.573 Thailand 0.158

Ecuador -1.305 Mongolia 1.358 Turkey -2.147

Egypt -0.933 Morocco 0.226 Uganda -0.057

Estonia 3.036 Netherlands 2.000 Ukraine -1.384

Finland 2.817 New Zea. 2.213 UK 1.004

France 0.565 Nigeria -1.747 US -0.942

Germany 0.758 Oman 2.296 Uruguay 0.839

Ghana -0.633 Pakistan -1.577

Greece -0.763 Paraguay 0.590

Variance of estimated country-specific parameter in random effect model is 1.782.
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In Figure 5.7, we illustrate the estimation of random effect with S&P data,
and with the map, we can observe the results intuitively.

Figure 5.7: Estimation of Random Effect with S&P data

We can see that, countries in Northern Europe, Oceania and Middle East
come along with high-level of subject-specific parameter. These countries share
several similar characters, as high performance in economics and finance, sta-
ble political structure or geopolitics patterns. For example, several European
countries get significant improvement, as Denmark, Finland, Iceland and Lux-
embourg. Several high developed country also get the benefit, like Singapore.
On the contrary, most of countries in South American and Asian get relatively
lower level rating assignment.

With the help of histogram and clustered figure 5.8, we get information
about the distribution of data.
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Figure 5.8: Histogram of Random Effect with S&P data

Moody data

In this part, we introduce the result with Moody data. In Table 5.8, we can see
the estimation of country-specific fixed effect. It show that each country get a
different rating scale even the rating assignment is under a common parameter
set.
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Table 5.8: Estimation of random effect coefficient with GLS, with Moody Data

Country Ran. Eff. Country Ran. Eff. Country Ran. Eff.

Argentina -3.024 Greece -2.002 Pakistan -1.838

Australia 1.192 Hungary -0.946 Paraguay -2.492

Austria 1.317 Iceland -1.247 Peru -1.143

Belgium 0.494 India 0.300 Philippines -1.045

Bolivia -1.596 Indonesia -1.206 Poland -0.208

Brazil -1.725 Ireland 0.028 Portugal -0.558

Bulgaria -1.827 Italy 0.041 Romania -1.659

Cameroon -1.779 Jamaica -3.540 Russia -1.084

Canada 1.399 Japan 1.333 Saudi Arabia -0.515

Chile -0.319 Kazakhstan -1.405 Singapore 1.833

China 1.521 Kenya -1.936 Slovenia -0.148

Colombia -1.145 Lativia -0.898 South Africa -0.457

Czech Rep. -0.519 Lebanon -3.771 South Korea -0.284

Denmark 1.480 Lithuania -1.167 Spain 0.607

Dom. Rep. -2.562 Luxembourg 1.656 Sri Lanka -2.678

Ecuador -3.337 Mexico -0.854 Thailand -0.410

Egypt -1.592 Mongolia -3.143 Turkey -2.122

Estonia -0.800 Morocco -1.293 Uganda -1.762

Finland 1.317 Netherlands 1.777 Ukraine -2.441

France 1.520 New Zea. 1.120 United Kingdom 1.682

Germany 1.826 Nigeria -1.116 United States 1.525

Ghana -2.595 Oman -0.625 Uruguay -1.843

Variance of estimated country-specific parameter in random effect model is 1.822.

In Figure 5.9, intuitively, we illustrate the estimation of random effect
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analyzed by Moody data through the worldwide map.

Figure 5.9: Estimation of Random Effect with Moody data

Similarly as S&P result, with the analysis under Moody’s data, countries
in Northern Europe, Oceania and Middle East receive high-level of subject-
specific parameter. Slightly different from the result of S&P result, United
States and China receive a relatively-high rating assignment. On the contrary,
we can see some countries still suffer negative influence from the subject-
specific parameter. These countries locate in Asia, Eastern Europe, South
American and Africa , most of which are developing countries.

With the help of histogram and clustered figure 5.10, we get information
about the distribution of data.
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Figure 5.10: Histogram of Random Effect with Moody data

Fitch data

In this part, we introduce the result with Moody data. In Table 5.9, we can see
the estimation of country-specific fixed effect. It show that each country get a
different rating scale even the rating assignment is under a common parameter
set.
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Table 5.9: Estimation of random effect coefficient with GLS, with Fitch Data

Country Ran. Eff. Country Ran. Eff. Country Ran. Eff.

Argentina -3.645 Greece -1.796 Nigeria -0.971

Australia 0.571 Hungary -1.148 Pakistan -2.345

Austria 1.496 Iceland -1.588 Paraguay -1.640

Belgium 0.576 India -0.087 Peru -1.201

Bolivia -1.631 Indonesia -1.440 Philippines -0.899

Brazil -1.530 Ireland 0.403 Poland -0.508

Bulgaria -1.530 Italy 0.031 Portugal -0.522

Cameroon -1.975 Jamaica -3.435 Romania -1.516

Canada 0.003 Japan 0.607 Russia -1.231

China -0.765 Kazakhstan -1.346 Rwanda -1.696

Czech Rep. -0.291 Kenya -1.941 Slovenia 0.142

Denmark 1.601 Latvia -1.054 South Korea -0.292

Dom. Rep. -3.008 Lebanon -3.720 Spain 0.505

Ecuador -3.056 Lithuania -1.133 Sri Lanka -1.842

Egypt -1.432 Luxembourg 1.749 Turkey -1.851

Estonia -0.654 Mexico -0.983 Uganda -1.783

Finland 1.504 Mongolia -3.025 Ukraine -2.320

France 1.533 Morocco -0.681 United Kingdom 1.545

Germany 1.802 Netherlands 1.851 United States 1.368

Ghana -2.456 New Zea. 0.320 Uruguay -1.773

Variance of estimated country-specific parameter in random effect model is 1.772.

In Figure 5.11, we illustrate the estimation of random effect with Fitch
data, and with the map, we can observe the results intuitively.
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Figure 5.11: Estimation of Random Effect with Fitch data

Slightly different from the result of S&P result, United States receive a
relatively-high rating assignment. And countries in Northern Europe, Oceania
and Middle East receive high-level of subject-specific parameter.

With the help of histogram and clustered figure 5.12, we get information
about the distribution of data.
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Figure 5.12: Histogram of Random Effect with Fitch data

When we focus on the results based on Moody and Fitch data, there is
something worthy noted. From the histogram figures 5.10 and 5.12, we can see
there is an extra peak area in density curve. And they correspond to a certain
set of countries, as Austria, Denmark, Finland, France and United Kingdom.
This show the agencies give highly similar weight to these countries. We can
see these countries share similar economic and financial performance, political
structure and geopolitical location. Moreover, there is also bias problems
shown in the result as fixed effect ones done. For instance, Moody gives a
relative-high random effect value to China, comparing with S&P and Fitch’s
rating assignment.

5.4 Feedback Effect

In feedback effect analysis, we focus on how the rating history movement in-
fluence the rating assignment. We introduce the feedback effect as indicator
variable in the empirical analysis. As the initial step in analysis, we use lin-
ear regression to investigate the relationship between rating history movement
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and rating assignment. In table 5.10, the result show that economic and fi-
nancial variables have the similar influence on rating level as linear regression
results shown in the first section. Of the coefficients, GDP per capita, real
GDP, GDP growth rate, fiscal balance, and the indicator variables for eco-
nomic development all have the positive signs and are statistically significant,
on the contrary, inflation, debt ratio and the indicator variables for default his-
tory show negatively statistically significance. Under different agencies data
analysis, the coefficient on the external balance are statistically insignificant,
coming with the unexpected sign. Consider some reality case as reference, the
economy or market force poor sovereign rating into seemingly strong external
balance position, for example, during Argentine great depression in 2001-2003,
the nation’s external balance show surplus position, as well as the Russian fi-
nancial crisis in 1998. Therefore, although the rating agencies might assign
numerical weight to some variables in determining rating assignment, there is
no systematic relationship between these variables and rating assignment.

Table 5.10: Estimation of linear regression, with S&P, Moody and Fitch Data.

Begin of Table
S&P’s Rating Moody’s Rating Fitch’s Rating

Intercept -9.186 *** 3 -11.811 *** -12.868 ***
(-25.806) 4 (-22.726) (-37.276)

Feedback Effect
One-period Upgrade -0.072 -0.013 -0.037

(-0.651) (-0.101) (-0.289)
One-period Downgrade -0.872 *** -0.841 *** -1.026 ***

(-8.138) (-6.513) (-7.806)
Two-period Upgrade -0.104 -0.057 -0.130

(-0.939) (-0.454) (-1.019)
Two-period Downgrade -0.851 *** -0.907 *** -1.043 ***

(-7.841) (-6.900) (-7.934)
Econ. & Fin. Covar.
Per capita income 0.961 *** 1.012 *** 1.349 ***

(34.341) (32.470) (42.624)
Real GDP 0.229 *** 0.305 *** 0.263 ***

(21.218) (25.359) (19.659)
GDP growth rate 0.038 *** 0.041 *** 0.020 ***

3 . Significant at the 10 percent level; * Significant at the 5 percent level
** Significant at the 1 percent level; *** Significant at the 0.1 percent level

4 The t-statistics are in parentheses
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Continuation of Table 5.10
S&P’s Rating Moody’s Rating Fitch’s Rating
(7.866) (7.730) (3.417)

Inflation -0.028 *** -0.003 ** -0.020 ***
(-16.796) (-4.439) (-10.505)

Fiscal Balance 0.046 *** 0.045 *** 0.031 ***
(10.039) (8.798) (5.517)

External Balance 0.009 ** 0.005 -0.003
(3.258) (1.627) (3.414)

Debt ratio -0.004 * -0.004 ** -0.005 **
(-2.373) (-2.893) (-3.096)

Indicator Covar.
Default History -1.041 *** -0.830 *** -1.716 ***

(-10.026) (-7.506) (-12.604)
Industrialization 0.881 *** 0.913 *** 0.320 ***

(18.664) (17.560) (4.835)
Least Developed Country -0.950 *** -0.991 ** -1.626 ***

(-6.033) (-2.747) (-6.831)

Adjusted R-squared 0.712 0.664 0.665
Standard error 0.972 1.068 1.050

End of Table

The result shown in table 5.10 also concludes that the negative rating
movement in history have a significant influence on rating assignment, i.e, the
rating downgrade lead sovereign issuers receive lower rating level. These rating
history movement includes the movement in previous quarter and two quarters
ago.
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Chapter 6 Conclusion

In linear regression analysis, the results for all rating agencies allow us to
conclude that all the coefficients have the expected signs, which is discussed
in ‘determinants in sovereign ratings’ section, except for the external balance.
And, most of the coefficients are indeed statistically different from zero. To
more specific, better economic and financial performance, which can be con-
cluded from GDP, GDP growth or government budget balance, provide strong
support for a higher rating level. On the contrast, a poor performance in mon-
etary policy or external debt, or worse that a default event happened before,
will lead sovereign issuers to get lower rating levels. Then we turn to the in-
dicator variable. The development classification variables, as industrialization
and non-LDC, have positive effects. And, the membership in some cooperation
organization makes the sovereign to get a higher rating level. It’s noteworthy
that, the external balance is no longer statistically significant in some rating
agencies’ rating system, comparing with the existing study or analysis. What’s
more, the results assesses that whether S&P, Moody or Fitch are using the
same explanatory variables when they indicative rating levels. This is tested
by pooling the data for all ratings and by running a common linear regression.

In the result of fixed effect analysis, we can see that, first, the estimated
parameter values of economic and financial variables have the same signs, with
the comparison to linear regression model. We can conclude these variables
affect the sovereign rating level assignment in a expected way, as we sum-
marized in linear analysis part. Moreover, the estimated parameter for the
indicator variables show difference among the rating agencies. It reveals that
the sign and weight, which are defined by rating agencies, of these geopolitics
and development variables are different. Then we work on the subject-specific
parameter, in this model which is estimated as a constant term. As a gen-
eral conclusion, the sovereign issuers which are assigned similar rating level
share noticeable characters. A relatively high rating level will be assigned to
a sovereign issuer, which have a outstanding performance in economics and
finance, stable political structure and monetary policy or geopolitics patterns.
On the contrary, most of countries in South American, Africa and Asia get
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relatively low rating level. There are some noticeable points in the empirical
results. First, the sovereign issuers, which have defaulted on their bond or
experienced financial crisis, as Spain, Greece, Russia, Brazil and Argentina,
receive low fixed effect on rating level. We can conclude that, the stability in
economic and financial performance and bond solvency play significant roles in
rating system. Second, the biggest economy, United States, China and Japan,
receive relatively low fixed effect on rating level.

Comparing with the results from linear regression and fixed effect analysis,
the random effect result shows that the estimation values of each common
parameter have same signs. In particular, GDP growth and fiscal balance
have positive relationship with the numerical rating level. On the contrary,
a higher inflation, external balance, debt service ratio or a default history
event relate to lower rating. Similar as the conclusion in fixed effect analysis,
the result reveals the sovereign issuers which are assigned similar rating level
share noticeable characters, as performance in economics and finance, stable
political structure and monetary policy, geopolitics patterns or bond solvency.
And, there are two more conclusions in random effect analysis. First, there
is “bias” problem in rating assignment. Second, the random effect estimation
shows regional differences.

In the feedback effect analysis, with results from linear regression analysis
which takes rating history movement into consideration, we can conclude that
the downgrades in rating history have negative effect on rating assignment.
And these rating downgrade includes negative rating movement in last quarter
of the year and the movement two quarters ago.
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