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Abstract

Background: No credit rating methodology currently exists for any of South Africa’s sub nationals.

Aim: To develop a generic, quantitative credit rating methodology for the Department of Health and the Department of Education combined, as well as specific quantitative credit rating methodologies, for each department, individually.

Setting: A comparison between generic and specific subnational credit rating methodologies to assess which fits the South African subnational environment best. Studies and results obtained from other nations were used to construct the approach.

Methods: In a typical credit rating methodology, both quantitative and qualitative information is considered. In South Africa (as a developing economy), the quantitative information equates to a smaller portion of the final credit rating. A generic quantitative credit rating methodology, as well as specific credit rating methodologies, was developed. The appropriateness of these generic and specific models was tested with regards to prediction accuracies using Red, Amber or Green (RAG) statuses on a traffic light series. An illustration of the predicted versus actual ranks is provided, as well as an example to illustrate how model-predicted RAG statuses, based on quantitative information, may be overlaid with more recent qualitative information to derive a final ranking.

Results: A generic, quantitative credit rating methodology for the Departments of Health and the Department of Education combined was developed, as well as specific credit rating methodologies for each department separately. The specific subnational credit rating methodology outperformed the generic methodology considerably; more precisely, the generic models predicted a maximum of 50% of the new cases correctly as opposed to the specific Health and Education models’ 78%.

Conclusion: The primary contribution of this study was to develop and compare generic and specific subnational credit rating methodologies. A further contribution was to test the appropriateness of these models’ prediction accuracies using RAG statutes. The specific subnational credit rating methodology was found to outperform the generic methodology considerably.
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Introduction

Credit risk, defined by Scott (2003) as the risk that a borrower will be unable to make payments of interest or principal in a timely manner, should be assessed by banks and other investors before entering into a loan agreement. One way of assessing credit risk is the use of credit ratings. Scott (2003) terms a credit rating as ‘a grading of a borrower’s ability to meet its financial obligations in a timely manner’. Credit ratings can be used to rate issuers (e.g. companies, governments and subnational governments) and also issues (such as financial instruments or specific debt instruments).

Subnationals are defined as all tiers of government and public entities below the sovereign or national government, including states, provinces, counties, cities, towns, public utility companies, school districts and other special-purpose government entities that have the capacity to incur debt (Liu & Waibel 2008). South African subnationals are defined as provincial governments and departments for the purpose of this article. None of South Africa’s defined subnationals are credit rated at present (2016).

It is evident from the review of subnational credit rating methodologies documented by Fourie et al. (2013) that special credit rating methodologies are required to rate subnationals because of the unique way that these governments are managed. One aspect that requires special attention is the rules and regulations set by the national government regarding financial management – especially rules and regulations related to borrowing. Another example is the subnational’s economic profile, including demographics and social structures (Fitch 2011).

Credit rating methodologies can be divided into generic and specific credit rating methodologies. The specific credit rating methodologies are developed to credit rate a specific population (e.g. a specific country’s subnationals) and the generic methodologies are developed to credit rate a wide range of different types of populations (e.g. a number of different countries’ subnationals).

In a typical credit rating methodology, both quantitative and qualitative information will be considered and, specifically in South Africa as a developing country, the quantitative information will equate to a smaller portion of the final credit rating.

The primary contribution of this study is to develop and compare a generic with a specific credit rating methodology for South Africa’s subnationals in order to predict payment behaviour, since no credit rating methodology currently exists for South Africa’s subnationals as indicated by Fourie, Verster and Van Vuuren (2016). Note that because of data availability the developed models will only relate to the quantitative part of the final credit rating. The secondary contribution is to test the appropriateness of these generic and specific models by comparing the predicted payment behaviour with the actual payment behaviour by using Red, Amber or Green (RAG) statuses or traffic light series. An example is also provided to indicate how qualitative information can be taken into account.

The article is organised as follows: The ‘Literature review’ section provides a literature overview of existing subnational credit rating methodologies as well as South African laws and regulations applicable to subnational borrowing. The ‘Data and methodology used’ section describes the data and methodology used. The ‘Results’ section applies the methodology to develop a proposed generic quantitative credit rating methodology for the Departments of Health and Education combined, as well as specific credit rating methodology for each department separately. These two departments were selected because South Africa’s National Treasury (National Treasury) indicates that these two departments’ total expenditure equates to the biggest portion of the provinces’ total expenditure. In the 2015–2016 financial year, the Department of Health’s total expenditure equated to 32% of the provinces’ total expenditure and the Department of Education’s total expenditure equated to 41%, thus a combined proportion of 73% (National Treasury 2016). A total of eight linear regression models were built: These are tested in the ‘Testing the appropriateness of the proposed models’ section. The ‘Conclusion and suggestions for future research’ section concludes the article and provides recommendations and suggestions for future research.

Literature review

The literature overview summarises the required background information and is documented in three sections. Firstly, examples of existing generic and specific subnational credit rating methodologies are provided in the ‘Existing subnational credit rating methodologies’ section. The ‘South African laws and regulations’ section documents South African laws and regulations applicable to subnational borrowing. This is followed in the ‘Data and methodology used’ section by a discussion on the data and the methodology used to develop credit rating methodologies for South African subnationals.

Existing subnational credit rating methodologies

A credit rating is a grading of a borrower’s ability to meet its financial obligations in a timely manner (Scott 2003). Credit ratings, or gradings, may be used to rate issuers (e.g. companies, sovereign governments and subnational governments), as well as issues, such as financial instruments or specific debt instruments.

Credit rating methodologies are required to rate the creditworthiness of issuers and issues. As mentioned earlier, these methodologies can be divided into generic and specific credit rating methodologies. Some of the advantages of generic models in general are that they are freely available and less expensive. One of the advantages of specific models is that they are more accurate at predicting outcomes (Burazeri, Dhuci & Kufo 2014).

The three largest international credit rating agencies are Fitch Ratings (Fitch), Moody’s Investors Service (Moody’s) and Standard and Poor’s Financial Services (S&P). These credit rating agencies all generate generic subnational credit rating methodologies that could be used to determine the creditworthiness of any subnational government, regardless of the country within which the subnational government presides. Moody’s, for example, rated 306 regional and local governments in 35 countries outside the United States (Liu & Tan 2009).

Theoretically, these methodologies can be applied to South Africa’s provincial governments, departments and municipalities because of the generic definitions of subnationals (i.e. local and regional governments). However, no provincial government or department in South Africa is currently (2016) rated. On the other hand, all 278 of South Africa’s municipal governments are rated by Municipal IQ, a data and intelligence service specialising in the monitoring and assessment of South Africa’s municipalities (Municipal IQ 2015). Fitch and Moody’s also rate the municipalities, but only a few (less than 5%).

In this study, proposed generic quantitative credit rating methodologies were developed for South African subnationals, more specifically, the Departments of Health and Education collectively as well as specific credit rating methodologies for each department separately.

The next section pays particular attention to some existing subnational credit rating methodologies, both generic and specific, because a thorough understanding of existing subnational credit rating methodologies is required in order to develop a credit rating methodology for South Africa’s subnationals. This is largely based on the work of Fourie et al. (2013).

Generic subnational credit rating methodologies

The three international credit rating agencies’ subnational credit rating methodologies are recapped in this section. These methodologies are considered to be generic because they could be used to determine the creditworthiness of a number of different subnational governments, regardless of which country the subnational governments reside in.

Fitch Ratings assesses the institutional framework within which the subnational government operates, as this provides the context within which the other factors interact. The four other factors are: debt and other long-term liabilities, finances, management and administration, and the economic status of the subnational government Fitch Ratings (2011).

Moody’s (2008) assesses two fundamental aspects: the stand-alone credit quality of the subnational and the probability of the subnational receiving extraordinary support (i.e. assistance provided by the national government, any other higher tier of government or the subnational’s peers to prevent the subnational from defaulting). The creditworthiness of a subnational is determined by evaluating six different factors, namely: the operating environment, institutional framework, financial position and performance, debt profile, governance and management factors, and the economic fundamentals of the subnational under review.

S&P employs eight factors to determine the credit quality of a subnational government. Firstly, the institutional framework factor reviews the institutional and legal background of the subnational government. The other seven factors are: economy, financial management, budgetary flexibility, budgetary performance, liquidity, debt burden and contingent liabilities. These focus on the subnational government itself and are used to determine the stand-alone credit quality of the subnational (S&P 2010).

Fourie et al. (2016) note that theoretically these can be applied to South Africa’s provincial governments, departments and municipalities because of the generic definitions of subnationals (local and regional governments). However, to date no South African provincial government or department has been assigned a credit rating by Moody’s, Fitch or S&P. Also, the data used in these existing credit rating methodologies do not necessarily exist, as will be seen in the ‘Data and methodology used’ section.

Comparison of the three international rating agencies’ rating methodologies

A comparison of the subnational credit rating methodologies used by the three major international credit rating agencies provides insight needed to develop a credit rating methodology for South Africa’s subnationals. Liu and Tan (2009) state that there are two similarities and three differences evident when comparing the subnational credit rating methodologies used by the three major international credit rating agencies.

Similarities: The similarities are the rating criteria and the rating processes:


	The rating criteria used by the three rating agencies can be divided into five principal or broad factors, as illustrated in Figure 1. These factors are the subnational’s economic conditions, the fiscal performance of the subnational, the financial and debt position of the subnational, the management quality and institutional strength of subnational, and sovereign factors, intergovernmental relationships and fiscal arrangements. The first four factors involve only the subnational, while the fifth element embraces the influence of sovereign factors, intergovernmental relations and fiscal arrangements on the subnational. If a proposed credit rating methodology will not be used on an international level, the fifth factor may be neglected as the national government will have the same effect on all the subnationals. This observation will be taken into account when developing South African subnational credit rating methodologies.

	The rating processes followed to credit rate subnational governments are similar to common credit ratings processes, but more emphasis is placed on qualitative aspects because these may provide information not necessarily revealed by published information (Liu & Tan 2009).
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Differences: The three main rating criteria differences between the credit rating methodologies are:


	Relative weights assigned to rating variables: The relative weights assigned to the rating variables, and thus broad rating factors too, differ according to the agency’s view of the importance of the variables, although the variables used are roughly the same.

	Changes to relative weights over time: As a rating agency’s view of the importance of a variable changes over time, the relative weight assigned also alters.

	Importance of qualitative variables: The importance of qualitative variables and factors vary between agencies (Liu & Tan 2009).



Specific subnational credit rating methodologies

This section focuses on existing regional subnational credit rating methodologies. These are considered to be examples of specific credit rating methodologies since it is used to determine the creditworthiness of subnational governments within specific countries or regions, i.e. it applies to specific populations. The two examples of specific or regional subnational credit rating methodologies for developed economies are Dominion Bond Rating Service Limited’s (DBRS) rating methodology for Canadian subnational governments and Australia Ratings’ methodology for Australian subnational governments. Fitch’s credit rating methodologies for Indian subnational governments, as well as the methodology used by Credit Rating Information Services of India Limited (CRISIL) are discussed as examples of methodologies used for developing economies.

Dominion Bond Rating Service Limited assesses only two different types of factors to determine the credit rating of a Canadian provincial government, namely, province-specific operating risk and province-specific financial risk. This methodology does not apply to the three territories that also form part of Canada’s subnational governments (DBRS 2011).

The funds needed to fulfil the principal responsibilities of the Australian subnationals, that is, to provide the necessary public services and infrastructure, are provided by the national government. Thus, Australia Ratings (2014) examines the current and future economic and financial situation of a subnational, as well as the strategy of the specific subnational government. The four different factors employed to do this are: economy, financial management, accounting and debt profile.

Fitch adjusted its international rating methodology to focus specifically on India. Fitch employs the following five factors to determine the stand-alone creditworthiness of Indian subnational governments: institutional and administrative aspects, economic and social profile, fiscal and budgetary performance, debt, liquidity and indirect risk, and management.

Credit Rating Information Services of India Limited (2011) assesses the credit quality of most of India’s state governments by making use of three main factors: the state’s economic structure, the government’s finances and the economic management.

Note that regional subnational credit rating methodologies never review the national governments because all subnationals reviewed within a specific country share the same national government, and thus the outcome of the factor will remain static regardless of which subnational is being credit rated.

Importance of key factors: Developed versus developing economies

Although, the key factors used in the credit rating methodologies for developed and developing economies will generally be the same, the relative importance of these key factors will differ. The quantitative factors (financial fundamentals) and the qualitative factors (other key factors) included in the rating methodology for a developed country will be viewed as equally important. Thus, both will equate to 50% of the credit rating. In a developing country, the quantitative factors will only equate to 30% of the credit rating and the qualitative factors to 70% (Moody’s 2007). Fourie et al. (2013) state that this principle is also relevant when developing a credit rating methodology for South Africa’s subnationals.

Public sector risk management framework of South Africa

In the absence of a South African regional subnational credit rating methodology, the Public Sector Risk Management Framework of South Africa (PSRMF) could be reviewed in order to gain background knowledge for the development of such a methodology. National Treasury developed the PSRMF in response to the PFMA (Public Finance Management Act No 1 of 1999) to aid provincial governments and departments, among others, in their implementation and maintenance of effective, efficient and transparent systems of risk management and control (National Treasury 2010). However, this framework is considered to be vague. For example, it states that management should provide risk management reports but not how frequent these reports should be provided and to whom.

Key findings from literature review

Two key findings were drawn from the literature discussed above. Firstly, the variables used in subnational credit rating methodologies can be grouped into five broad factors, namely, the subnational’s economic conditions, the fiscal performance of the subnational, the financial and debt position of the subnational, the management quality and strength of subnational institutions, as well as the influence of the sovereign factors, intergovernmental relations and fiscal arrangements on the subnational.

The other key finding is the difference in the importance of quantitative and qualitative information for developed and developing countries. Typically, for a developed country the quantitative and qualitative information will contribute equally to a credit rating, whereas for developing countries the quantitative information usually equates to the smallest portion of a credit rating.

Both observations will be applied in the remainder of this article. Currently, none of the South African subnationals are being credit rated (Fourie et al. 2016). This article develops the quantitative parts of credit rating methodologies for South Africa’s subnationals, focusing on the Departments of Education and Health.

The current situation in South Africa

Although credit ratings are not assigned to the defined South African subnationals at present, the three largest international credit rating agencies do rate South Africa’s national government. However, if the credit ratings resulting from the proposed methodology will not be used on an international level, the effect of the sovereign rating on the subnationals’ credit rating may be neglected since the national government will have the same effect on all nine subnationals. As previously mentioned, South Africa’s municipal governments are indeed being credit rated by Municipal IQ, Fitch and Moody’s.

The National Treasury developed the PSRMF to aid provincial (subnational) governments in the implementation and maintenance of effective, efficient and transparent systems of risk management and control. However, the framework is vague and impractical. National Treasury (2010) states that the framework is under review to address some of the weaknesses.

Two concerns when developing credit scoring models, including subnational credit rating methodologies, are data availability and data quality (Siddiqi 2006). A preliminary investigation into this matter revealed three possible data sources that could be used within the South African context, namely, the subnational government’s annual reports, the Auditor-General’s reports, and, the Section 32 reports compiled by the National Treasury (see the ‘Data’ section for a detailed discussion).

South African laws and regulations

In addition to knowledge regarding existing subnational credit rating methodologies, an understanding of the regulatory framework within which subnational governments operate is also required when developing a country-specific subnational credit rating methodology. These laws and regulations should be investigated because these set the parameters within which subnational borrowing may take place.

The South African regulatory framework is summarised in the Borrowing Powers of Provincial Governments Act (No 48 of 1996) – that is, the Borrowing Act – and the PFMA, as well as the regulations that accompany this act, namely the Treasury Regulations for departments, constitutional institution and public entities. The Borrowing Act stipulates the borrowing powers of South Africa’s subnational or provincial governments (South Africa 1996). The purpose of the PFMA and its Treasury Regulations is to ‘secure transparency, accountability and sound management of the revenue, expenditure, assets and liabilities of the institutions to which the act applies’ (South Africa 1999, 2001).

Each of the acts has a different purpose. South Africa (1996) states that the goal of the Borrowing Act is ‘to provide for norms and conditions in respect of the borrowing powers of provincial governments and for matters incidental thereto’, whereas the PFMA’s purpose is stated as:


to regulate financial management in the national governments and provincial governments; to ensure that all revenue, expenditure, assets and liabilities of those governments are managed efficiently and effectively; to provide for the responsibilities of persons entrusted with financial management in those governments; and to provide for matters connected therewith. (South Africa 1999:1)



It is important to ensure that these laws and regulations are adhered to if it has been decided to extend credit to a subnational (based on a credit rating derived from applying the models to be developed), as non-adherence could lead to unenforceable loan arrangements. An example of such a specification is that any loan raised for the purpose of bridging finance must be redeemed within 30 days after the end of the financial year, making the maximum loan duration 13 months (South Africa, 2001). Another example is that the issuing of guarantees, indemnities and securities is usually not permitted.

Data and methodology used

This section encompasses the data used and the methodology applied in order to develop the proposed quantitative sections of a credit rating methodology. This is largely based on previous work by the authors – refer to Fourie et al. (2016) for more details.

Data

The data requirements were based on the information used in existing subnational credit rating methodologies and special focus was placed on the five broad factors identified in the ‘Comparison of the three international rating agencies’ rating methodologies’ section. The final data sets included variables representing the four relevant broad factors (the fifth factor was omitted as all the departments reside within the same country).

Siddiqi (2006) states that data availability and data quality are concerning when developing credit scoring models. Furthermore, Liu and Tan (2009) caution that data not kept in a consistent form often cause problems when developing subnational credit rating methodologies for a developing countries. For these reasons, much attention has been paid to the identification of reliable data sources. That resulted in reports from four different institutions were used as data sources: the provincial departments, the National Treasury, Statistics South Africa (StatsSA) and the Auditor-General of South Africa (Auditor-General). However, most of the data used in the existing subnational credit rating methodologies do not exist in the South African context:


	Provincial Departments of Health and Education’s annual reports: These reports are compiled per department positioned within the provincial governments. The necessary data were sourced from each province’s Departments of Health and Education’s annual reports, namely Gauteng Department of Education (2007–2013), Western Cape Department of Education (2007–2013), Eastern Cape Department of Education (2007–2013), Northern Cape Department of Education (2007–2013), North West Department of Education (2007–2013), Mpumalanga Department of Education (2007–2013), KwaZulu-Natal Department of Education (2007–2013), Limpopo Department of Education (2007–2013), Free State Department of Education (2007–2013) and Gauteng Department of Health (2007–2013), Western Cape Department of Health (2007–2013), Eastern Cape Department of Health (2007–2013), Northern Cape Department of Health (2007 – 2013), North West Department of Health (2007–2013), Mpumalanga Department of Health (2007–2013), KwaZulu-Natal Department of Health (2007–2013), Limpopo Department of Health (2007–2013) and Free State Department of Health (2007–2013). A total number of 108 annual reports were used.

	National Treasury: Two reports assembled on a regular basis by the National Treasury were used: Fourth Quarter Year to Date Provincial Budgets and Expenditure Report (Preliminary Outcome) 06/07 – 10/11 (National Treasury 2007a–2011a), as well as the Provincial Statements of Receipts and Payments for the 4th Quarter (end March 2007 to 2011) (National Treasury 2007b–2011b).

	StatsSA: The two reports used from this institution are the Gross Domestic Product. Annual estimates 2003 to 2012. Regional estimates 2003 to 2012. Third quarter 2013. Statistical release P0441 report (StatsSA 2013), as well as StatsSA’s (2012) interactive data set containing the mid-year population estimate.

	Auditor-General: The Consolidated General Reports on the National and Provincial Audit Outcomes of 06/07 to 10/11 (Auditor-General 2007–2011) were also used.



Firstly, separate data sets were compiled for each department: the Department of Health and the Department of Education. The one interactive data set and 70 different reports containing 5 years’ worth of data for the nine provinces resulted in 45 data points for each of the departments. Secondly, the department-level data were aggregated to construct provincial-level data, also referred to as the combined data set. This data set contained 90 data points. The data were captured manually, and data error identification and rectification measures were applied as an iterative process throughout the data compilation and model development phases. The constructed data sets are a secondary objective of this article and are available on request.

Note that the Health and Education data sets are department-specific, and thus contains data from a specific population. Any credit rating methodology resulting from the department-level data will therefore be a specific credit rating methodology, but any credit rating methodology resulting from the combined data set will be a generic one.

Specific credit rating methodologies were considered because Thomas (2000) as well as Anderson (2007) state that these types of models normally perform better than generic models. On the other hand, Siddiqi (2006) mentions that because of the costs involved it might not always be worthwhile to develop specific models. This specifically rings true for the South African environment because a number of different specific models need to be developed in order to assess all the provincial departments. Some provinces have a total of 12 departments (South Africa 2017) and an additional complication is the differences in the assignment of functions between these departments. For example, the Eastern Cape groups Road and Public Works together, whereas Gauteng groups Roads and Transport together and does not have a department specifically administering Public Works (South Africa 2017). For these reasons, generic models were considered too.

The constructed data sets contain only quantitative information. Therefore, the models developed from these will only relate to the quantitative part of the final credit rating. The qualitative part may be taken into account as an intuitive overlay, as will be illustrated.

Linear regression methodology

Linear regression modelling was chosen to predict the quantitative part of the credit ratings for South African provincial departments. The principal advantage of linear regression is its simplicity, interpretability, scientific acceptance and widespread availability. Linear regression is also widely available in statistical software packages and business intelligence tools (Chambers & Dinsmore 2014). Also, the results of a linear regression model could be summarised into the symbols used by the credit rating agencies to indicate relative rankings of creditworthiness, for example, AA−, BBB+ and Caa1.1

The aim of the models developed in this study is to rank South Africa’s subnationals in terms of future payment behaviour. To forecast using linear regression models, the independent variables used to predict the dependent variable for the next year have to lag by 1 year. This also applies to this work as the aim is to predict the provincial departments’ credit ratings for the next financial year (e.g. 2015/2016) based on the current financial year’s data (e.g. 2014/2015).

Dependent variable

The ultimate aim of a credit rating methodology is to predict default. Default can be viewed as a department’s capacity and willingness to repay debt obligations in full and on time. The cash-based accounting system used by the provincial departments (National Treasury 2013b) resulted in insufficient information available to provide an indication of whether a department’s debt obligations were paid in full and on time. The following proxy (Equation 1), suggested by the National Treasury, was used for the dependent variable instead (National Treasury 2012):
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After various workshops and discussions with the National Treasury, no monthly or quarterly variables for the target variable could be found (National Treasury 2012, 2013a). Because of this constraint that the dependent variable was only available yearly, only yearly independent variables were used (even if some were available quarterly).

Independent variables

Three data sets were constructed containing either 42 or 43 (one extra for the combined data set) independent variables. As mentioned previously, the data requirements were based on the information used in existing subnational credit rating methodologies – especially the broad factors identified by Liu and Tan (2009). Seven of the independent variables included in the data sets relate to the broad factor economic conditions, 22 to fiscal performance, two to financial and debt position, and only one to management quality and institutional strength. The remainder of the independent variables were indicators and did not relate to a specific broad factor.

Methodology applied to develop linear regression models

The following methodology was applied to develop the 30% quantitative part of a credit rating methodology for the Combined, Health and Education data sets. Multicollinearity was dealt with first by using variable clustering – one variable was chosen from each cluster of variables as the cluster representative. Irrelevant independent variables were removed based on the variables’ correlations with the dependent variable. Lastly, the stepwise variable selection technique and a significance level of 10% were used to choose the final independent variables. The models developed via this process will henceforth be referred to as the Basic Models.

The Basic Models were further investigated to improve the R2 via two model advancement techniques, namely including interactions between the independent variables in the model (Advanced Models 1) and excluding outliers from the data (Advanced Models 2). All the models were developed using SAS Institute Inc. (2011) software.

Note that Kutner et al. (2005) state that models that include interaction terms are considered to be complex models and SAS Institute Inc. (2010) states that the inclusion of polynomial terms complicates interpretation. Hair et al. (2006) states that if there is no explanation available for an outlier, the analyses should be done with the outlier included and excluded since neither the inclusion nor exclusion can be warranted. As was the case for outliers found in this part of the study since outliers that were caused by data capturing errors they were corrected during the capturing phase.

Furthermore, one can argue that the models taking into account interactions and excluding outliers will always be the better models when used for explanation purposes. However, the aim of this study was to predict and therefore the developed models need to be able to generalise too. A common pitfall in predictive modelling is to overfit to the data. An overly complex model (which may be the case for Advanced Models 1 and 2) might be too sensitive to peculiarities in the development sample data set and therefore may not be able to generalise well to new data. However, using too simple a model (possibly the Basic Models) can lead to underfitting, where true features are disregarded (SAS Institute Inc. 2010).

For these reasons, the results of all three models per data set are reported next and are also later on compared in terms of predictability.

Results

The results of the basic and advanced linear regression models from all three data sets are documented below. The parameter estimate of an independent variable indicates the change in the dependent variable per one unit increase of the corresponding independent variable when the other independent variables are held constant (Kutner et al. 2005). The explanations provided for the independent variables’ effects on future payment behaviour assume that all other independent variables remain constant.

Generic linear regression models

The methodology discussed in the previous section was applied to the combined data set to develop the generic linear regression models.

The Basic Model has an R2 of 0.49, which means that it explains 49% of the variance of the dependent variable. The p-values of all six chosen independent variables are smaller than 0.1, the highest being 0.07 (see Table 1).
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The resulting Generic Basic Model’s formula is:
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Where i = 1,2,···,18.

The R2 of Generic Advanced Model 1 is 0.55, thus it improved from 0.49 to 0.55. The highest p-value is 0.08. The details are in Table 2. No outliers were identified, thus no Generic Advanced Model 2 was developed.
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The equation of the Generic Advanced Model 1 including interaction terms is:
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where i = 1,2,···,18.

Specific linear regression models

The results of the models specifically developed for the Departments of Health and Education are documented next.

The Basic Model developed specifically for the Department of Health (Health Basic Model) has an R2 of 0.51. The p-values of all five independent variables chosen for this model are smaller than 0.1 (see Table 3). The model can be expressed as:


[image: SAJEMS-20-1701-E4.jpg]

where i = 1,2,···,9.
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The Basic Model developed specifically for the Department of Education (Education Basic Model) has an R2 of 0.48, which means that it explains less than 50% of the variance of the dependent variable. Details in Table 4 below. The highest p-value of the independent variables chosen for this model is 0.06. The model can be expressed as:


[image: SAJEMS-20-1701-E5.jpg]

where i = 1,2,···,9.
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For both the Department of Health and the Department of Education, two unique models resulted from the model advancement investigation. More details of these two models can be found in Table 5 below.
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The R2 of the Health Advanced Model 1 increased to 0.74 and Health Advanced Model 2 to 0.80. The p-values are all smaller than 0.1.

The equation of the Health Advanced Model 1 is:
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where i = 1,2,···,9.

The equation of the Health Advanced Model 2 is:
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where i = 1,2,···,9.

Both of the Education Advanced Models’ R2s (0.70 and 0.74) were higher than that of the Education Basic Model (0.48). All the independent variables’ p-values were smaller than 0.1. Details of these two models are in Table 6 below.
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The equation of the Education Advanced Model 1 is:
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where i = 1,2,···,9.

The equation of the Education Advanced Model 2 is:
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where i = 1,2,···,9.

In total, two generic models and six specific models were developed. In the ‘Testing the appropriateness of the proposed models’ section, these eight models will be compared and tested for appropriateness.

Assigning Red, Amber or Green statuses

The ultimate aim of the developed models is not to predict a department’s numerical value of the dependent variable (i.e. the proxy of payment behaviour), but rather to rank the departments’ expected future payment behaviours in terms of RAG statuses. RAG statuses can be assigned based on absolute or relative rankings.

Absolute rankings make use of the absolute values of the dependent variable. For example, a red status is assigned when the ratio of accruals 30 days plus/total expenditure is higher than 150% and a green status is assigned if the ratio is lower than 40%. Literature suggests a number of different cut-offs that could be used to assign RAG statuses in this manner, see for example Moody’s (2008) and S&P (2010).

However, as a proxy was used to determine payment behaviour, RAG statuses are assigned based on relative rankings for the purpose of this article. The following procedure was used to allocate the RAG statuses: the bottom third departments (bad payment behaviour based on high values of the payment behaviour proxy) are assigned red statuses, the middle third departments (average payment behaviour) are assigned amber statuses and the top third departments (good payment behaviour based on low values of the payment behaviour proxy) are assigned green statuses.

Testing the appropriateness of the proposed models

The aim of this section is to test the appropriateness of the developed models, that is, to decide on a model to be used in future to predict payment behaviour. With this as aim, this article includes a comparison of, among others, the number of correctly predicted RAG statuses of the Basic Models and the Advanced Models for both the generic and the specific developments (Sections ‘Validation’ and ‘Model comparison’). This comparison is used in the ‘Model recommendation’ section to provide recommendations with regard to which model should be used in future to rank the departments in terms of expected payment behaviour. The recommended model is then used to compare the RAG statuses predicted by the model with the actual RAG statuses of the financial year 2012/2013 in the ‘Predicted versus actual ranks and Red, Amber or Green statuses’ section. Lastly, an example is provided in the ‘Example: Deriving the final ranking of Gauteng’s Department of Health’ section. This illustrates how the RAG statuses predicted by the models based on quantitative information can be overlaid with some more recent qualitative information to derive a final ranking or RAG status. Dashboards were constructed to illustrate this.

Validation

Kutner et al. (2005) recommend that, after development, new data should be collected and the model should be reapplied to verify its predictive ability. This method was used to validate the developed payment behaviour models. The data from the previously discussed sources were used, but for the next available financial years. Thus, the 2011/2012 financial year’s data were used for the independent variables to predict the values of the dependent variable for 2012/2013. Note that typically a 2012/2013 data set is only available in 2014.

The RAG statuses predicted were compared with the actual RAG statuses and the number of correctly assigned RAG statuses was counted as a measure of the model’s predictive ability. The lowest number of RAG statuses correctly predicted by the models was two out of seven (22.2%) and the highest number was seven out of the nine (77.8%).

Model comparison

The model comparison is based on the R2, the number of data points deleted, the number of terms and independent variables included in the models, the number of data sources needed to update the models, the number of factors represented by the independent variables, and the number of correctly predicted RAG statuses of each of the three resulting models. This information is summarised in Table 7.
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The model with the highest R2 is the Health Advanced Model 2 at 0.80, with only one data point omitted. The minimum number of terms included in the models is four and the maximum is nine. The number of independent variables included range between two and 10. The data sources needed to update the models range between three and five. The independent variables included in the final models represented two to three of the broad factors. The two Health Advanced Models and Education Advanced Model 2 predicted seven of the nine (77.8%) RAG statuses correctly.

Model recommendation

When considering the generic models, Generic Advanced Model 1 predicted nine out of 18 (50%) RAG statuses correctly, taking into account that these models are used to predict the nine Departments of Health plus the nine Departments of Education’s payment behaviour simultaneously. Health Advanced Model 2 and Education Advanced Model 2 predicted 77.8% correctly.

Thus, the specific models outperformed the generic models and it is therefore recommended that the specific models (Health Advanced Model 2 and Education Advanced Model 2) should be used in future. Literature also indicated that models tailored for specific populations outperform generic models (Anderson 2007; Thomas 2000). One explanation is that the difference in the functions that the departments perform equates to two different types of populations and causes different information to be important for the different departments. Thus, different independent variables (and therefore models) are needed to predict the payment behaviour of the different departments.

Predicted versus actual ranks and Red, Amber or Green statuses

Health Advanced Model 2 was the model with the highest R2 and also one of the models predicting the highest number of RAG statuses correctly. Thus, this model will be used in the illustrations provided. The ranks and RAG statuses of the provinces’ Departments of Health predicted by the interaction model without independent outliers are shown in Table 8. The predicted values for 2012/2013 are based on the information of the independent variables contained in the data of the financial year 2011/2012. The actual values are the ranks and RAG statuses based on the true outcomes of the dependent variable, as documented in the annual reports of the financial year 2012/2013. Only two provinces’ RAG statuses were predicted incorrectly, namely Limpopo and the Eastern Cape.
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Example

Deriving the final ranking of Gauteng’s Department of Health

An example (focusing on Gauteng’s Department of Health) is provided next to demonstrate how the developed models could be used in future. The predicted ranking with regard to the other provinces, based on quantitative information, was nine.

As mentioned previously, credit rating methodologies are normally based on a combination of quantitative and qualitative factors. Qualitative information will be assessed by a team of analysts and then used as input in the model. Typically, credit rating methodologies for developing countries comprise 30% quantitative factors and 70% qualitative factors (Moody’s 2007). Thus, qualitative information should also be taken into account.

An example of qualitative information that should form part of the intuitive overlay is the news article issued by SABC News on 30 April 2014. This article states that the Zola-Jabulani Hospital building project was finished 5 years later than planned and the actual costs were three times higher than what was budgeted (SABC News 2014). This might indicate a lack of management sophistication and poor financial planning. Another example of inadequate management and financial planning is provided by a press release issued by the Gauteng Department of Health (2014), where the department states that it did experience challenges of late or non-payment in the past, but the problem is being rectified. Also, the department’s annual report of 2012/2013 reported that a turnaround strategy has been deployed, focusing, among other things, on financial management. The figures reported in this annual report did in fact illustrate an improvement in the debt repayment numbers. The ratio of accruals in excess of 30 days to total expenditure did improve in recent years (10.05% in 2011/2012, 4.49% in 2012/2013, 3.36% in 2013/2014). However, it is yet to be seen if this improvement is sustainable.

Typically, the above-mentioned information, as well as any other available qualitative information, will be reviewed by a team of analysts. The analysts will then rank Gauteng’s Department of Health’s expected payment behaviour with regard to the other provinces by taking into account their qualitative information as well. However, this example focuses only on Gauteng and therefore the other provinces’ qualitative information is not provided. For illustrative purposes, it is assumed that Gauteng has an average red status, thus a ranking of eight, based on provided qualitative information.

Taking both the quantitative and qualitative rankings into account, the final ranking of Gauteng’s Department of Health is about eighth. This is derived as follows: 30%×9+70%×8=8.3. Thus, the RAG statuses based on the quantitative (ranking = 9) and qualitative (ranking = 8) information, as well as the final RAG status (ranking = 8) were all red. In this case, the qualitative information reinforced the red status that was assigned based on the quantitative information (illustrated in Figure 2).
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Conclusion and suggestions for future research

The primary contribution of this study was to develop and compare both a generic and a specific subnational credit rating methodology (to date no such methodologies have been developed for South African provinces and departments). A further contribution was to test the appropriateness of these generic and specific models about prediction accuracies using RAG statuses, where the specific subnational credit rating methodology was shown to outperform the generic methodology by far.

Models resulting from the combined data sets (i.e. generic models) should not be used for future predictions. The generic models predicted a maximum of 50% of the new cases correctly as opposed to the specific Health and Education models’ 78%. The payment behaviour models developed specifically for the Department of Health or Education therefore performed better than the generic models in terms of predicting new data and should rather be used.

Thomas (2000) and Anderson (2007) confirmed that models tailored for specific populations outperform generic models. Again, one possible explanation in this specific case is the difference in the functions that the departments perform, which equates to two different types of populations and results in different information to be important to the different departments. Thus, different independent variables (and therefore models) are needed to predict the payment behaviour of the different departments. For example, in order for the Departments of Health to deliver the required health services, sophisticated medical equipment is needed. In this case, independent variables containing surplus/deficit information is of importance since surpluses could be used to purchase the needed medical equipment. The Department of Education, however, must ensure that compensation to employees do not fall into arrears to avoid political unrest. Therefore, personnel expenditure information is of interest. However, the independent variables containing surplus/deficit information and the independent variables containing personnel expenditure information represents the same broad factor: fiscal performance. Thus, the same broad factors are represented by the independent variables included in the different department-specific models.

Lehmann (2003) has shown that the use of qualitative variables improves predication quality, which has been confirmed by the example used in the ‘Example: Deriving the final ranking of Gauteng’s Department of Health’ section. Because of the nature of the data used, the payment behaviour or subnational credit rating methodology developed in this article assesses only quantitative information, so models could be improved by also incorporating qualitative variables. Other data sources should be investigated to collect more data to represent the broad factors for financial and debt position as well as management quality and institutional strength. These two principal factors are only represented by two and one variable(s), respectively.
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TABLE 2: Details of the Generic Advanced Model 1.

Variable

Variable description

Parameter estimates

Description of effect

Indicator_Gau_
_In_x58

In_x32_x52

Indicator_FS_
In_x33

Indicator_Lim_
In_x50

Indicator_FS_
Indicator_x28_Z

time_
_In_x61

Indicator_Lim_
x27_grouped

Indicator_Lim_
In_x36_Zmean

x27_grouped_
In_x50

In_x58 = In (provincial GDP per
capita growth)

In_x32 = In (departmental capital
expenditure to departmental
total expenditure)

X52 = quality of department’s
financial reports

In_x33 = In (departmental
surplus/deficit to departmental
total revenue)

In x50 = In (provincial total receipts
to provincial total payments)

Indicator x28 Z = 0 i departmental
own revenue =0
Indicator x28 Z = 1 if departmental
own revenue >0

In_x61 =In (provincial dependent
population to total population)

x27_grouped = departmental annual
appropriation of revenue to total
departmental revenue (grouped)

In_x36_Zmean = In (departmental
net assets to departmental total
expenditure) [missing mean]

x27_grouped = departmental annual
appropriation of revenue to total
departmental revenue (grouped)
In_x50 = In (provincial total receipts
to provincial total payments)

0.90

0.23

-30.26

-55.32

1.55

-0.19

-0.87

0.43

-8.64

An increase in provincial GDP per capita growth will lead to worsening payment behaviour for
Gauteng.

Payment behaviour worsens as the interaction term increases. Same applies for each of the
separate independent variables. An increase in departmental capital expenditure to total
departmental expenditure (In_x32) will be detrimental to payment behaviour. As the quality of
financial reporting worsens (x52) the department’s payment behaviour also worsens.

The payment behaviour of the Free State’s Departments of Health and Education will improve if
its surplus/deficit to total revenue ratio increases.

Limpopo's payment behaviour will improve if the province’s total receipts to provincial total
payments ratio increases.

The Free State department’s payment behaviour is worse when the specific department
generates own departmental revenue.

Payment behaviour improves as the interaction term increases. The same applies for each of the
separate independent variables. Payment behaviour improves as time goes by, as well as when
the ratio provincial total receipts to provincial total payments increases.

Limpopo will have better payment behaviour when x27 contains high values (group = 1)
compared with when x27 contains low values (group = -1).

An increase in In_x36_Zmean will lead to a deterioration of payment behaviour for the Limpopo
province.

Payment behaviour will improve as In_x50 increases, provided that x27 is high (group = 1). In the
case of low values of x27 (group = -1), an increase in In_x50 will lead to a worsening payment
behaviour.
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TABLE 1: Details of the Generic Basic Model.

Variable Variable description Parameter estimate  Description of effect

In_x14 In (departmental 133 An increase in the ratio of departmental capital expenditure to total provincial expenditure, In_x14, leads to a
capital expenditure deterioration in payment behaviour. One possible reason for the increase in the ratio is an increase in the
to total provincial department’s capital expenditure. If this is the case, payment behaviour could be affected negatively because the
capital expenditure) capital expenditure is a long-term commitment and therefore may have an undesirable impact on future

expenditure flexibility.

Indicator_KZN 1 = KwaZulu-Natal, -1.54 The negative parameter estimate indicates that KwaZulu-Natal and Limpopo’s departments are better payers than
0 = all other provinces the other provinces when this model is considered.

Indicator_Lim 1 = Limpopo, 0 = all -1.49
other provinces

x27_grouped  Departmental annual  -0.49 As departmental annual appropriation of revenue to total departmental revenue (x27_grouped) increases the
appropriation of payment behaviour of the department improves. This is indicated by the negative parameter estimate of -0.49.
revenue to total One explanation is that revenue received directly from national government is unwavering, as opposed to some
departmental sources of own departmental revenue. Fitch (2011) also takes the volatility, diversity and predictability of revenue
revenue (grouped) sources into account, because overdependence on a volatile source would influence payment behaviour in a

negative manner. Consequently, a higher proportion of departmental annual appropriation of revenue would
influence payment behaviour in a positive manner because it is considered an unwavering source of revenue.

X52 Quality of 0.47 The parameter estimate of 0.47 of x52 (quality of department’s financial reports) shows that as the quality of
department’s financial reporting worsens, the department’s payment behaviour also worsens (1 = clean audit, 2 = financially
financial reports unqualified audit opinion, 3 = qualified audit opinion, or 4 = adverse audit opinion and disclaimer of audit

opinion). Good financial reporting indicates good financial management. Three other rating agencies also examine
the quality, transparency, level of detail, timeliness, frequency and audit opinion of a subnational’s financial
reports (DBRS 2011; Moody’s 2008; S&P 2010).

Time Time -0.15 Payment behaviour improves as time passes. A possible explanation is that the departments learned from past

mistakes and subsequently improved their financial management over time, including repayment of creditors.
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TABLE 4: Details of the Education Basic Model, specifically developea for the Department of Education.

Variable

Variable description

Parameter estimate Description of effect

Indicator_Gau

In_x36_Zmean

In_x57

Time

1= Gauteng, 1.76
0 =all others

In(departmental net -0.72
assets to departmental

total expenditure)

[missing mean]

In(provincial GDP -1.34
per capita)
Time -0.21

The positive parameter estimate of 1.76 indicates that Gauteng’s Department of Education payment behaviour
is worse than the other provinces’ Departments of Education.

The negative parameter estimate of -0.72 for In_x36_Zmean illustrates that an increase in the ratio of
departmental net assets to departmental total expenditure leads to better credit repayment. Assuming that
the increase in this ratio is caused by an increase in net assets, this phenomenon can be explained by the
reasoning that good asset and liability management indicates good financial management. Australia Ratings
(2014) also reviews assets management as part of their financial management strategy assessment.

An increase in GDP per capita (In_x57) will improve payment behaviour since this will lead to an increase in
revenue, which could be used to repay creditors. This is confirmed by Moody’s (2008), who states that a high
regional GDP per capita is considered a credit positive.

Payment behaviour improves as time passes. A possible explanation is that the departments learned from past
mistakes and subsequently improved their financial management over time, including repayment of creditors.
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TABLE 3: Details of the Health Basic Model, specifically developed for the Department of Health.

Variable

Variable description

Parameter estimate

Description of effect

Indicator_KZN

In_x28_Zmean

Indicator_Mpu
Indicator_Lim

In_x58

1=KzN,
0 =all others
In(departmental own
revenue to total
departmental revenue)
[missing mean]

1=Mpu,
0 =all others
1=Lim,
0 =all others

In(provincial GDP per
capita growth)

-2.74

0.34

G o

1313

0.90

The negative parameter estimates of Indicator_KZN indicate that the Health Department of KwaZulu-Natal
exhibits better payment behaviour than the other provinces’ Departments of Health.

As In_x28_Zmean increases, the payment behaviour of the departments worsens. This is indicated by the
parameter estimate of 0.34. A possible explanation is that departmental own revenue is a more volatile source
of income than that received directly from national government — depending on the original source of own
revenue. Fitch (2011) also reviews revenue sources in terms of volatility, diversity and predictability, and states
that reliance on economically sensitive revenue leads to a credit concern. Thus, if a department’s own revenue
is generated from an economically sensitive activity, an increase would influence payment behaviour negatively.

The Health Departments of Mpumalanga and Limpopo are better payers than the other provinces’ Departments
of Health.

The positive parameter estimate of GDP per capita growth (In_x58) indicates than an increase in GDP per capita
growth will worsen payment behaviour when considering this model. This is contradicting Moody’s (2008), who
states that a high regional GDP per capita is considered a credit positive. However, the growth in GDP can be
caused by a decrease in the number of residents in the province, thus the tax base or income base is shrinking
and less money is available to repay creditors. This is supported by various other authors (Australia Ratings
2014; Fitch 2011; S&P 2010).
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TABLE 6: Details of the Advanced Models (Education Advanced Model 1 [Model 2]), specifically developed for the Department of Education.

Variable Variable description Parameter estimate Description of effect
In_x57_ In_x57 = In (provincial GDP -1.38 Payment behaviour improves as In_x60 increases. The interaction between these two variables
In x_60 per capita) (-1.39) makes intuitive sense since an increase in total population will ultimately lead to an increase in
In_x60 = In (provincial dependent GDP. This in turn will lead to an increase in revenue, which could be used to support the
population to total population) dependent population within the province. Considering the two variables separately, an
increase in GDP per capita (In_x57) will improve payment behaviour since this will lead to an
increase in revenue available to repay creditors. An increase in the proportional dependent
population within a province (In_x60) will lead to an increasing demand for public services, and
thus less revenue available to repay creditors.
time_ 0.24 The payment behaviour of the Department of Education of the Northern Cape worsens as time
Indicator_NC (0.03) goes by.
In_x29_ In_x29 = In (departmental personnel ~ -2.08 An increase in In_x29 will lead to an improvement in payment behaviour.
In_x29 expenditure to departmental total (-2.12)
current expenditure)
Indicator_Mpu In_x50 = In (provincial total receipts -75.76 Mpumalanga’s payment behaviour will improve if the provincial total receipts to provincial total
_In_x50 to provincial total payments) (-75.45) payments ratio increases.
Indicator_EC_ Indicator_x36_Z = 0 if departmental  -1.04 Eastern Cape’s Department of Education’s payment behaviour is better when assets exceed
Indicator x36_Z  net assets = 0, Indicator _36_Z=1if  (-1.10) liabilities.
departmental net assets > 0
Indicator_Lim_ Ln_x50 = In (provincial total receipts -42.72 An increase in In_x50 will lead to better payment behaviour; this only applies to the Limpopo
In_x50 to provincial total payments) (-75.45) province.
x27_grouped_  x27_grouped = departmental annual  -18.18 Payment behaviour will improve as In_x50 increases, provided that x_27 is high (group = 1). In
In_x50 appropriation of revenue to total (-18.30) the case of low values of x27 (group = -1), an increase in In_x50 will lead to a worsening
departmental revenue (grouped) payment behaviour.
In_x50 = In (provincial total receipts
to provincial total payments)
Time_ 0.40 The payment behaviour of the Department of Education of Gauteng worsens as time goes by.

Indicator_Gau

(0.39)
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TABLE 5: Details of the Advanced Models (Health Advanced Model 1 [Model 2]), specifically developed for the Department of Health.

Variable Variable description Parameter estimate  Description of effect
Indicator_WC In_x49 = In(provincial surplus or deficit/ ~ -19.85 Negative parameter estimate shows that increase in In_x49 (provincial surplus or deficit/
_In_x49 provincial payments) (-19.71) provincial payments) leads to an improvement in payment behaviour for the Western Cape.
x27_grouped_ x27_grouped = departmental annual -0.62 Increase in departmental annual appropriation of revenue/total departmental revenue
Indicator_x36_Z  appropriation of revenue/total (-0.66) leads to an improvement in payment behaviour, provided the department’s assets >

departmental revenue (grouped) liabilities.

Indicator_x36_Z = 0 if departmental net

assets =0,

=1if departmental net assets >0
Indicator_Lim_  In_x36_Zmean = In(departmental net -0.60 Increase in this variable leads to a deterioration in payment behaviour for Limpopo.
In_x36_Zmean assets/departmental total expenditure) (-0.59)

[missing mean]
Indicator_KZN_  In_x48 = In(provincial surplus or deficit/ ~ -32.18 KwaZulu-Natal’s payment behaviour improves if the surplus or deficit/provincial receipts
In_x48 provincial receipts) (-31.99) ratio improves.
Indicator_Mpu_  In_x57 = In(provincial GDP per capita) -0.15 Increase in provincial GDP per capita is beneficial to Mpumalanga’s Department of Health’s
In_x57 (-0.20) payment behaviour.
Indicator_Lim_ In_x50 = In(provincial total receipts/ -65.09 Increase in In_x50 leads to better payment behaviour; this only applies to the Limpopo
In_x50 provincial total payments) (-66.26) province.
Indicator_FS_ In_x33 = In(departmental surplus or -22.70 The Free State’s Department of Health’s payment behaviour will improve if its surplus or
In_x33 deficit/departmental total revenue) (-22.00) deficit/total revenue improves.
x27_grouped_ x27_grouped = departmental annual -13.93 Payment behaviour will improve as In_x34 increases, provided that x27 has high values
In_x34 appropriation of revenue/total (-15.10) (group = 1). Where x27 has low values (group = -1), an increase in the departmental surplus

departmental revenue (grouped)
In_x34 = In(departmental surplus or
deficit/departmental total expenditure)

or deficit/departmental total expenditure ratio leads to worsening payment behaviour.
Remainder of values of x27 (group = 0) have no effect because of multiplication with 0.
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TABLE 8: Predicted ranks and Red, Amber or Green statuses resulting from the
example payment behaviour model (using the specific model: Health Advanced
Model 2) versus the actual ranks and statuses.

Province Predicted Actual
Ranking RAG Status Ranking RAG Status

Limpopo 1 Green 4 Amber
KwaZulu-Natal y Green 2 Green
Western Cape 3 Green 1 Green
Mpumalanga 4 Amber 5 Amber
Northern Cape 5 Amber 6 Amber
Eastern Cape 6 Amber 3 Green
Free State T Red 8 Red
North West 8 Red 7 Red
Gauteng 9 Red 9 Red

RAG, Red, Amber or Green.
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TABLE 7: Summary of the linear regression models.

Model Description I3 Datadeleted  Terms Independentvariables Datasources  Factors  Correct RAG status Correct RAG status (%)

Generic Basic Model 049 z 6 4 3 3 8 44
Advanced 1 055 - 9 10 5 3 9 500

Specific:  Basic 051 - 5 g 3 2 2 22

health Advanced 1 074 - 8 10 4 2 7 778
Advanced 2 080 2 8 10 4 2 7 778

Speciﬁg: Basic 0.48 - 4 - 3 2 4 44.4

education A jvanced 1 070 2 8 7 4 2 5 556
Advanced 2 074 i 8 7 4 2 7 778

R?, coefficient of determination indicates the amount of variance of the dependent variable that can be explained by the model.

RAG, Red, Amber or Green.





OPS/SAJEMS-20-1701-F2.jpg
Amber

30 % quantitative

4 5 6
Amber

70 % qualitative

4 5 6
Amber

final ranking

FIGURE 2: Combining a predicted ranking with a qualitative overlay to derive a
final ranking.
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Factor 1: Economic conditions

Factor 2: Fiscal performance

Factor 3: Financial and debt position

Sovereign factors,
intergovernmental
relationships and
fiscal arrangements

Factor 4: Management quality and institutional strength

Source: Adapted from Liu, L. & Tan, K., 2009, Subnational credit ratings: A comparative
review, Policy Research Working Paper 5013, The World Bank, New York, NY.

FIGURE 1: The five principal or broad factors found in the three international
credit rating agencies’ subnational rating methodologies.
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