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Summary 

Acknowledged education and vocational training play a significant role in enhancing skills and 

knowledge of individuals and societies. They can be viewed as crucial drivers of economic 

growth by increasing human capital, hence promoting labor productivity and technological 

advancement in an economy.  

Since the launch of the Millennium Development Goals (MDGs) and the Education for All 

strategy, acknowledged education had become a crucial part of long-term plans and 

development strategies of nations, especially in the Global South. In contrast, the vocational 

education and training system often has not been on the agenda of governments, despite its 

significant role in alleviating poverty, enhancing economic growth, and increasing 

competitiveness. Yet, the Sustainable Development Goals (SDGs) addressed the shortage of the 

MDGs and highlighted the role of vocational education and training in achieving sustainable 

development. 

Governments in developing countries have implemented a set of policies and strategies to reach 

the goal of integrated sustainable development. Several empirical and policy-oriented studies 

are conducted to evaluate the effects of different educational policies and assist policymakers 

in identifying and understanding the complex implications of alternative policies. Such analyses 

allow decision-makers to adopt optimal policies and strategies that are deemed to enhance 

human capital growth and realize sustainable development.  

The Sudan is one of the lower-middle-income countries that face numerous challenges in 

accelerating human development. According to the United Nations Development Program and 

the World Bank, the country could face a crisis in human capital in the future, given the fast 

growth of its population. Statistics show that the Sudan has experienced low economic growth 

and high unemployment rates, particularly amongst the youth, over the last decades. For this 

reason, in the dissertation at hand different education and training policy measures are analyzed 

and their implications on economic growth and human capital accumulation in the Sudan are 

assessed.  

Computable General Equilibrium (CGE) models have been widely used to generate insights 

into the economy-wide implications of education policy measures. These models focus on the 

potential influence of government education expenditure on poverty alleviation and household 
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welfare. They include government expenditure, labor force accumulation, and the demand for 

labor in their analysis. Besides, these models distinguish skill levels of labor in terms of 

educational attainment.  

A literature review on incorporating the education and training system in CGE models reveals 

explicit limitations of previous studies depicting vocational education and training system, 

hence, identifying a significant research gap, which shall be addressed in this dissertation. Most 

of existing education-focused CGE models analyze the economy-wide impacts of 

acknowledged education policies, while only tertiary vocational education is included. This 

setup prevents the analysis of any interaction between non-tertiary education and vocational 

education. In addition, existing education-focused CGE models lack consistency between the 

structure of the educational system and the labor force disaggregation with respect to education 

level. This disallows tracking the movement of graduates and dropouts across labor categories. 

Additionally, existing education-focused CGE applications exclude vocational training as an 

alternative choice of acknowledged education, despite its importance in skill formation. 

Consequently, existing education-focused CGE models only allow for an incomplete analysis 

of education and training policies.  

Against this background, the main objective of this dissertation is to develop a novel approach 

to incorporate the acknowledged education and vocational training systems in CGE models, 

including all potential exiting bridges between these two systems. The developed model enables 

labor force accumulation according to changes in the number of graduates and dropouts from 

an integrated education and training system. It is a recursive-dynamic single-country CGE 

model (STAGE-Edu), which depicts the medium- to long-run economy-wide effects of various 

education and training policies. 

STAGE-Edu includes a set of unique policy-relevant features: a) incorporating different types 

of vocational training programs (agricultural and non-agricultural), b) disaggregating secondary 

education by type (vocational, non-vocational), c) including education and training choices at 

different levels with broad coverage of exiting bridges between education and training, and d) 

establishing endogenous and consistent linkages between the education and training system and 

the educational level of the labor force through six-stage nested production functions.  

The model is calibrated to a 2016 Social Accounting Matrix (SAM) of the Sudan. The SAM 

contains detailed information about the education and training system in the Sudan, with labor 

factors disaggregated according to its structure. In addition to the SAM, four external satellite 
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accounts are used by the model, namely: a) physical quantities of factors used by productive 

activities, b) population categorized by location, age, and income level, c) enrollment, 

graduation, and dropouts, and d) elasticity parameters. 

In this dissertation, STAGE-Edu is used to conduct two analyses, assessing the economy-wide 

impacts of different education and training policies in the Sudan. In the first analysis, four 

education and training policy options for increasing education enrollment among Sudanese 

children are investigated. Options differ in their targeted education and training cycles and the 

allocated budget to each cycle. Results of the analysis suggest that reducing primary education 

costs for private households in the Sudan yields a significant reduction in the number of out-of-

school children and a considerable positive impact throughout the economy reflected in GDP 

growth. However, the number of dropouts from secondary education is increasing, which is 

caused by high private costs of secondary education. The analysis further reveals that financing 

the implemented policy from foreign sources generates more benefits in the economy than 

domestic sources (increases in sales tax and income tax). In this analysis, STAGE-Edu 

distinguishes between secondary vocational education and secondary non-vocational education 

cycles. However, it does not capture the transformation of low educated and trained labor 

through vocational training, which is addressed in the second application.  

In the second analysis, two policy options to support the development of the agricultural sector 

in the Sudan are evaluated. This analysis distinguishes between agricultural and non-

agricultural vocational education and training. It also captures skill transformation through 

vocational training. Results of this analysis show that enhancing the agricultural vocational 

education and training system increases enrollment and graduation. In the long-run, this policy 

leads to a significant increase in the contribution of labor with agricultural vocational education 

and training to the growth of GDP and household income. In contrast, the investigated 

alternative policy option of supporting agricultural production induces growth whose effects 

are more dispersed in the economy compared to enhancing agricultural vocational education 

and training. Importantly, this policy measure achieves a low impact in terms of changing the 

share of labor with agricultural education and training and in terms of growth rates of GDP and 

household income. 

The developed modeling framework contributes to the field of economy-wide depiction of 

human development triggered by education and training as well as related policy measures. 

STAGE-Edu provides policymakers with ex-ante insights on potential impacts of measures for 
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enhancing labor skills and ultimately for improving the livelihood of the population. The feature 

of depicting the skill transformation process makes STAGE-Edu a well-suited tool for assessing 

the short- to long-run effects of education and training policy measures. 
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Zusammenfassung 

Anerkannte Bildung und berufliche Ausbildung spielen eine wichtige Rolle bei der 

Verbesserung der praktischen Fertigkeiten und des Wissens von Individuen und Gesellschaften. 

Sie können als entscheidende Triebkräfte des Wirtschaftswachstums angesehen werden, da sie 

das Humankapital erhöhen und damit die Arbeitsproduktivität und den technologischen 

Fortschritt in einer Volkswirtschaft fördern.  

Seit der Vorstellung der Millennium-Entwicklungsziele (MDGs) und der Strategie "Bildung für 

alle" ist anerkannte Bildung zu einem entscheidenden Baustein langfristiger Planungen und 

Entwicklungsstrategien vieler Nationen, insbesondere im Globalen Süden, geworden. Im 

Gegensatz dazu, stand das System der beruflichen Ausbildung bislang nicht oft auf der Agenda 

von Regierungen, obwohl es eine wichtige Rolle bei der Bekämpfung von Armut, der 

Steigerung des Wirtschaftswachstums und der Erhöhung der Wettbewerbsfähigkeit spielt. Die 

Ziele für nachhaltige Entwicklung (Sustainable Development Goals, SDGs) haben jedoch die 

Defizite der MDGs aufgegriffen und die Rolle der beruflichen Ausbildung zur Erreichung einer 

nachhaltigen Entwicklung hervorgehoben. 

Regierungen in Entwicklungsländern haben eine Reihe von Politiken und Strategien 

implementiert, um das Ziel einer integrierten nachhaltigen Entwicklung zu erreichen. 

Verschiedene empirische und politikorientierte Studien wurden durchgeführt, um die 

Auswirkungen von unterschiedlichen Maßnahmen der Bildungspolitik zu bewerten und 

politischen Entscheidungsträgern zu helfen, die komplexen Auswirkungen alternativer 

Maßnahmen zu identifizieren und zu verstehen. Solche Analysen ermöglichen es 

Entscheidungsträgern, optimale Maßnahmen und Strategien zu wählen, die geeignet sind 

werden, das Wachstum des Humankapitals zu fördern und zur nachhaltigen Entwicklung 

beizutragen.  

Der Sudan gehört zu den Ländern der unteren mittleren Einkommensklasse, die bezüglich der 

Förderung der menschlichen Entwicklung vor zahlreichen Herausforderungen stehen. Laut dem 

Entwicklungsprogramm der Vereinten Nationen und der Weltbank könnte dem Land angesichts 

des schnellen Bevölkerungswachstums in Zukunft eine Humankapital-Krise drohen. Statistiken 

zeigen für den Sudan in den letzten Jahrzehnten ein geringes Wirtschaftswachstum und eine 

hohe Arbeitslosigkeit, insbesondere unter Jugendlichen. Aus diesem Grund werden in der 
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vorliegenden Dissertation verschiedene bildungspolitische Maßnahmen analysiert und deren 

Auswirkungen auf das Wirtschaftswachstum und die Humankapitalbildung im Sudan bewertet. 

Allgemeine Gleichgewichts Modelle (Computable General Equilibrium (CGE) models) werden 

oft genutzt, um Erkenntnisse über die gesamtwirtschaftlichen Auswirkungen 

bildungspolitischer Maßnahmen zu gewinnen. Diese Modelle konzentrieren sich auf den 

potenziellen Einfluss der staatlichen Bildungsausgaben auf die Armutsbekämpfung und die 

Wohlfahrt der Haushalte. Sie beziehen die staatlichen Ausgabenp, die 

Arbeitskräfteakkumulation und die Nachfrage nach Arbeitskräften in ihre Analyse ein. 

Außerdem unterscheiden diese Modelle die Qualifikationsniveaus und von Arbeitskräften in 

Bezug auf den Bildungsstand.  

Eine Literaturrecherche zur Integration des Bildungs- und Ausbildungssystems in CGE-

Modellem zeigt klare Limitationen bisheriger Studien bezüglich der Darstellung des Bildungs- 

und Ausbildungssystems und identifiziert damit eine wichtige Forschungslücke, der sich diese 

Dissertation widmet. Die meisten bisherigen, bildungsorientierten CGE-Modelle analysieren 

die gesamtwirtschaftlichen Auswirkungen von Politikmaßnahmen in Bezug auf den 

anerkannten Bildungssektor, dabei wird aber nur die tertiäre Berufsbildung mitberücksichtigt. 

Dieses Setup unterbindet die Analyse jeglicher Interaktionen zwischen nicht-tertiärer 

anerkannter Bildung und beruflicher Bildung. Darüber hinaus mangelt es bisherigen 

bildungsorientierten CGE-Modellen an Konsistenz bezüglich der Struktur des Bildungssystems 

und der Disaggregation der Arbeitskräfte nach Bildungsstand. Dadurch ist es nicht möglich, die 

Veränderung der Qualifikationsniveaus von Absolventen und Schulabbrechern zu verfolgen. 

Schließlich berücksichtigen bildungsorientierte CGE-Anwendungen die Berufsausbildung als 

Alternative zur anerkannten Bildung nicht, obwohl diese für die Ausbildung von praktischen 

Fertigkeiten sehr relevant ist. Folglich erlauben bisherige bildungsfokussierte CGE-Modelle 

nur eine unvollständige Analyse von Ausbildungs- und Bildungspolitik.  

Vor diesem Hintergrund ist das Hauptziel dieser Dissertation die Entwicklung eines neuartigen 

Ansatzes zur Einbeziehung der anerkannten Bildungs- und Berufsbildungssysteme in CGE-

Modelle, einschließlich aller potenziellen Verbindungen zwischen diesen beiden Systemen. Das 

entwickelte Modell ermöglicht die Akkumulation von Arbeitskräften entsprechend der 

Veränderungen der Anzahl der Absolventen und Schulabbrecher eines integrierten Bildungs- 

und Ausbildungssystems. Es handelt sich um ein rekursiv-dynamisches Ein-Land-CGE-Modell 
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(STAGE-Edu), das die mittel- bis langfristigen gesamtwirtschaftlichen Effekte verschiedener 

Bildungs- und Ausbildungspolitiken abbildet. 

STAGE-Edu berücksichtigt eine Reihe einzigartiger, politikrelevanter Merkmale: a) die 

Einbeziehung verschiedener Arten von Berufsbildungsprogrammen (landwirtschaftlich und 

nicht-landwirtschaftlich), b) die Disaggregation der Sekundarschulbildung nach Typ (beruflich, 

nicht-beruflich), c) die Einbeziehung von Bildungs- und Ausbildungsentscheidungen auf 

verschiedenen Ebenen mit breiter Abdeckung bestehender Verbindungen zwischen 

anerkanntem Bildungssystem und beruflicher Ausbildung, d) die Etablierung endogener und 

konsistenter Verknüpfungen zwischen Bildungs- und Ausbildungssystem und dem 

Bildungsstand der Erwerbsbevölkerung durch sechsstufig verschachtelte 

Produktionsfunktionen.  

Das Model ist auf eine Social Accounting Matrix (SAM) des Jahres 2016 für den Sudan 

kalibriert. Die SAM enthält detaillierte Informationen über das Bildungs- und 

Ausbildungssystem im Sudan. So ist der Faktor Arbeit nach der Struktur des Bildungs- und 

Ausbildungssystems disaggregiert. Zusätzlich zur SAM werden vom Modell vier externe 

Satellitenkonten verwendet, a) für die physische Mengen von Faktoren, die in den jeweiligen 

wirtschaftlichen Aktivitäten genutzt werden, b) für die Bevölkerung kategorisiert nach Ort, 

Alter und Einkommensniveau, c) für die Schüleranzahl, die Zahl der Absolventen sowie der 

Abbrecher, und d) für die Elastizitätsparameter. 

In dieser Dissertation werden mit Hilfe von STAGE-Edu zwei Analysen durchgeführt, die 

gesamtwirtschaftlichen Auswirkungen verschiedener Bildungs- und Ausbildungspolitiken im 

Sudan bewerten. In der ersten Analyse werden vier bildungspolitische Optionen zur Erhöhung 

der Einschulungsrate sudanesischer Kinder untersucht. Die Optionen unterscheiden sich 

bezüglich der adressierten Bildungs- und Ausbildungszyklen und dem zugewiesenen Budget 

für jeden Zyklus. Die Ergebnisse der Analyse deuten darauf hin, dass eine Senkung der Kosten 

für die Grundschulbildung für private Haushalte im Sudan zu einer signifikanten Reduktion der 

Zahl der Kinder die nicht die Schule besuchen und zu beträchtlichen positiven Auswirkungen 

auf die gesamte Wirtschaft führt, welche sich im BIP-Wachstum widerspiegeln. Allerdings 

steigt die Zahl der Schulabbrecher im Sekundarbereich, was an hohen privaten 

Sekundarschulkosten liegt. Die Analyse zeigt weiter, dass die Finanzierung der implementierten 

Politik aus ausländischen Quellen einen höheren wirtschaftlichen Nutzen generiert als eine 

Finanzierung mit inländischen Geldmitteln (Erhöhungen der Umsatz- und Einkommenssteuer). 
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In dieser Analyse unterscheidet STAGE-Edu zwischen sekundären beruflichen 

Ausbildungszyklen und sekundären nicht-beruflichen Bildungszyklen. Es erfasst jedoch nicht 

die Transformation von gering gebildeten zu ausgebildeten Arbeitskräften durch berufliche 

Bildung, was in der folgenden Anwendung aufgegriffen wird.  

In der zweiten Analyse werden zwei Politikoptionen bewertet, die darauf abzielen geringe 

Produktiom zu erhöhen, um so die Entwicklung des landwirtschaftlichen Sektors im Sudan zu 

unterstützen. Diese Analyse unterscheidet zwischen landwirtschaftlicher und nicht-

landwirtschaftlicher Berufsbildung. Sie berücksichtigt auch die Verbesserung von praktischen 

Fertigkeiten durch berufliche Bildung. Die Ergebnisse dieser Analyse zeigen, dass der Ausbau 

des landwirtschaftlichen Berufsbildungssystems dessen Immatrikulations- und Abschlussquote 

erhöht. Langfristig führt diese Politik zu einem signifikanten Anstieg des Beitrags von 

Arbeitskräften mit landwirtschaftlicher Berufsausbildung zum Wachstum des BIP und der 

Haushaltseinkommen, insbesondere der Ärmsten. Im Gegensatz dazu induziert die alternative 

untersuchte Politikoption, der generellen Förderung der landwirtschaftlichen Produktion, ein 

Wachstum, das im Vergleich zur Förderung der landwirtschaftlichen Berufsbildung breitere 

wirtschaftliche Auswirkungen hat. Hervorzuheben ist jedoch, dass diese Politikmaßnahme 

einen geringen Einfluss auf die Veränderung des Anteils der Arbeit mit landwirtschaftlicher 

Ausbildung und auf die Wachstumsraten des BIP und der Haushaltseinkommen hat. 

Der entwickelte Modellierungsrahmen leistet einen wichtigen Beitrag zur 

gesamtwirtschaftlichen Darstellung der durch Bildung und Ausbildung bewirkten 

menschlichen Entwicklung sowie der drauf abzielenden politischen Maßnahmen. STAGE-Edu 

bietet politischen Entscheidungsträgern ex-ante Erkenntnisse bezüglich der potenziellen 

Auswirkungen von Maßnahmen zur Verbesserung der Arbeitsqualifikation und letztlich zur 

Erhöhung des Lebensstandards der Bevölkerung. Die Besonderheit, den 

Qualifikationserwerbsprozess abzubilden, macht STAGE-Edu zu einem gut geeigneten 

Instrument, um die kurz- bis langfristigen Auswirkungen bildungspolitischer Maßnahmen zu 

beurteilen. 
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1. Introduction 

1.1 Background 

Human capital is the most valuable resource of a nation (World Bank, 2009)1. It is a determinant 

of economic growth and human development (Jalil and Idrees, 2013). Education and Training 

(ET) have a crucial role in human capital development as these impact the accumulation of 

labor skills and knowledge (Becker, 1993). Human capital accumulation directly affects the 

economy by increasing labor productivity and enhancing technological progress and innovation 

(Teixeira and Queirós, 2016). 

The priorities of government investment in human development are not the same for different 

countries. Concurrent environmental crises, increasing poverty, employment crises, and 

growing inequalities (UNDP, 2013) in developing countries contribute to an increased 

migration of high-skilled labor from developing to industrial countries (McKenzie and Sasin, 

2007), deepening skill deficiency in developing countries.  

Household income from skilled labor in developing countries is low because those frequently 

engage in jobs below their skill-level (Ndulu, 2014). Despite the fact that skill-migration is 

associated with high remittance inflows to households, household income that is devoted to 

human capital investment is low (McKenzie and Sasin, 2007). 

Investment in human capital is promoted as a solution for developing countries (Hanushek and 

Woessmann, 2008; Jalil and Idrees, 2013; Pelinescu, 2015). Those countries enjoy rapid growth 

of the economically active population, particularly youth (Ndulu, 2014; UNDP, 2017); but they 

share the challenge of an inadequate acknowledged education (AKE) system and a weak 

vocational training (VT) system, which are causes for ET outputs being unable to meet the 

needs of economic sectors, particularly the private sector (Achoui, 2009)2.  

Human development and economic growth reinforce each other. Therefore, national 

governments in developing countries are under massive pressure to adopt policy measures that 

accelerate economic growth and translate this into improved employment opportunities 

(Hanushek, 2013). The resulting cycle of mutual influence of human development and 

                                                
1 Goldin (2016) defined “Human capital” as the stock of skills that the labor force possesses. 
2 In this dissertation, ET outputs refer to graduates and dropouts from the ET system. 
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economic growth could be virtuous or vicious. A virtuous cycle of influence is more likely when 

starting from human development to induce economic growth (Ranis et al., 2000). 

In response to growing concerns about future economic and social development in the new 

millennium, the UN member countries agreed on the Millennium Development Goals (MDGs) 

with the declared aim “to uplift the poor and vulnerable people in the world”. This 

internationally endorsed agreement is the first to address poverty in its multiple dimensions by 

aiming for amelioration in income generation, education, and health across the world (UNDP, 

2013). The World Summit on Sustainable Development in 20023 also launched the UN Decade 

of Education for Sustainable Development (2005–2014). The Sustainable Development Goals 

(SDGs) addressed the shortage of the MDGs (Sarvajayakesavalu, 2015; World Bank and IMF, 

2016) and called for integrating ET for sustainable development into national strategies (Holm 

et al., 2015; Lozano et al., 2015; Nasibulina, 2015; Ramos et al., 2015). 

The research community offers a bulk of empirical studies and policy-oriented research on the 

effects of education. Relevant studies assess the potential economic impacts of various human 

development policies and national economic growth strategies. Depending on the research 

interest, several analytical methods, such as econometric methods and Computable General 

Equilibrium (CGE) models, are used.  

CGE models have gained widespread use over the past few decades for understanding the 

economic impacts of real-world economic issues and policy challenges such as climate change, 

natural disasters, human diseases, and labor migration. Numerous types of CGE models have 

been employed in analyzing various policy measures at the global, regional, or national levels. 

These models use real-world data, which is usually organized in a Social Accounting Matrix 

(SAM) that provides a comprehensive picture of the socio-economic system. 

1.2 Problem statement  

During the last decades, AKE has become a fundamental part of long-term plans and sustainable 

development strategies, particularly in developing nations. The number of individuals with 

national acknowledged qualifications has grown nearly in all countries. Nevertheless, despite 

massive growth of AKE in these countries, their economic performance often remains low 

(Alam, 2008).  

                                                
3 For more information, see https://sustainabledevelopment.un.org/milesstones/wssd 

https://sustainabledevelopment.un.org/milesstones/wssd


Chapter 1 

3 

Often, the Vocational Education and Training (VET) system has not been put on the agenda of 

governments, perhaps because MDGs did not support the view of VET's possible contribution 

to development (McGrath, 2012). Hence, the inappropriate outcomes of non-vocational 

education (non-VE) in developing countries prevailed in an increase in the youth 

unemployment rate. Consequently, economies in these countries suffer a shortage of labor with 

specific skills to satisfy the growing needs of productive activities (Fraser, 2014).  

Currently, VET is viewed as crucial for alleviating poverty, enhancing economic growth, and 

increasing competitiveness, particularly in developing nations. Empirical evidence indicated 

that young VET graduates are faster to have a permanent first job with appropriate 

qualifications compared to AKE graduates (Ahmed, 2011; Cedefop, 2013). Besides, the 

literature on VET shows that VET has a valid and crucial role in declining inequality in wages, 

increasing employment rates and promoting skill levels (Ahmed, 2016; Bellakhal and Mahjoub, 

2015; Cedefop, 2013, 2011a, 2011b; Fraser, 2014; Hirshleifer et al., 2015; Nilsson, 2010; 

Sankardas and Rajanahally, 2015).  

There are examples in the literature of CGE models, analyzing a wide range of educational 

policies and issues. The majority of studies attempt to identify the various potential economic 

consequences of different education investment policies. Lofgren et al. (2013), Cloutier et al. 

(2008), Agénor et al. (2003), Jung and Thorbecke (2003), and Dabla-Norris and Matovu (2002) 

are prominent examples of such studies.  

Most of education-focused CGE models focus on the potential influence of government 

schooling expenditure on poverty alleviation and household welfare. They predict short-, 

medium- and long-run effects of these measures on economic growth. These models also 

involve the efficiency of government expenditure planning, labor force accumulation, and thus 

the demand for labor in their analysis. Furthermore, models distinguish skill levels of labor in 

terms of educational attainment.  

However, the existing education-focused CGE models provide an incomplete analysis of ET 

policies because the VET system has not been considered in the analysis. Few CGE models 

consider the economic role of Vocational Education (VE) in the AKE system (see Marouani 

and Nilsson (2016b) and Marouani and Robalino (2011)). Even these studies do not depict all 

linkages between VE and the rest of the AKE system. Besides, education-focused CGE models 

do not include the VT system.  
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1.3 Research objectives and contributions of the dissertation 

This dissertation addresses the identified research gap in analyzing implications of ET policies 

on economic growth, skill formation, and household welfare in the short- to long-run, using the 

case of the Sudan. It develops a quantitative economy-wide simulation model that captures the 

effects of the VET system on economic growth and human development. 

The main objective of this dissertation is to build a recursive-dynamic single-country CGE 

model, called STAGE-Edu, for analyzing a wide range of ET policy measures. Specifically, it 

depicts both AKE and VT components of the ET system and incorporates all potential exiting 

bridges between these two components. This enables the accumulation of the labor force 

according to changes in outputs from a whole ET system. This objective is achieved by 

operationalizing two sub-objectives, as explained in the following: 

1. Define behavioral specifications for determining individual decisions and choices at various 

grades, cycles, and components of the ET system. These decisions are expressed in terms of 

a set of socio-economic determinants, variables or standards4. The model is flexible, and any 

combination of ET determinants can be selected according to the circumstances of the 

country under study. 

2. Develop six-stage nested production functions, which combine various groups of the labor 

force while reflecting different substitutability amongst those groups. The model 

disaggregates the labor force according to the ET structure in the country under study. 

This dissertation makes three contributions to the literature: 

1. A CGE model depicts the relevant linkages between AKE and VT components of the ET 

system. The model incorporates behavioral functions for determining ET decisions and 

choices at different grades and cycles. With this detail, potential impacts of various policies 

or reform measures targeting AKE and/or VT and their implications can be captured. 

Moreover, the model and its database include VET sub-systems (agricultural and non-

agricultural). Thus, the model can track the effects of expanding sub-systems on labor force 

accumulation and economic growth; 

                                                
4 The socio-economic determinants of ET decisions and choices are defined based on the determinants suggested 

by existing education of CGE models (e.g., Lofgren et al.  (2013) and Cloutier et al. (2008)) as well as 
empirical evidence on ET (e.g., UNESCO (2018a) and Ehrenberg and Smith (2012)). 
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2. The development of a SAM for the Sudan for the year 2016. This SAM includes detailed 

information on the ET system, labor force, and household accounts, which is used to 

calibrate the developed model. A full description of SAM development at the macro and 

micro level is provided, including data sources; 

3. Two case studies on the Sudan using STAGE-Edu calibrated of the 2016 developed SAM. 

These studies inform government measures that enhance human capital accumulation 

contribute to economic development in the Sudan. In the first study, the implications of four 

government policies that lower the direct costs paid by private households for ET services 

are assessed. The second study compares the impacts of two types of government 

expenditure policies: enhancing the agricultural VET system (supply side of labor) vs. 

supporting agricultural production (demand side of labor). Moreover, the dissertation 

compares financial instruments for financing the expansion of the ET system. 

1.4 Research methods 

A set of specific tasks are conducted to achieve the objectives mentioned above. These tasks 

are explained as follows: 

1) Carrying out a literature review on relevant aspects (i.e., origin, theory, types) of SAMs 

and CGE models. This task reviews and discusses merits of existing education-focused 

CGE models and their database. Hence, it identifies the gap in capturing the economy-

wide impacts of investment in the ET system. 

2) Developing a recursive-dynamic single-country GAMS-based CGE model (STAGE-

Edu) to analyze different ET policies and strategies. The key features of the developed 

model include: i) disaggregation of secondary education by type (VE or non-VE), b) 

incorporation of VT, c) inclusion of choices at various ET levels, d) endogenizing 

exiting bridges between AKE and VT, and e) endogenizing links between the ET system 

and the labor force. STAGE-Edu adopts six-stage nested production functions to capture 

the possible substitution between various labor categories.  

3) Building a detailed SAM for the Sudan for the year 2016 for calibrating STAGE-Edu. 

The SAM contains detailed information about the ET system in the country. This system 

is disaggregated into AKE, including VE at the secondary education level, and VT. 

Labor is classified based on the structure of ET in the Sudan. Moreover, household 

disaggregation is conducted according to the residence place and income level. The 
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SAM is updated and extended based on the 2012 SAM developed Siddig et al. (2018) 

and recent data for the year 2016 from national and international sources. 

4) Implementing an application on expanding the ET system in the Sudan using the 2016 

SAM and STAGE-Edu (version 1). The main objective is to assess the economy-wide 

impacts of four different ET policies for decreasing out-of-school children in the Sudan. 

5) Implementing an application on assessing two government policies in the field of 

agricultural production, namely, enhancing the agricultural VET system versus 

supporting the agricultural sector in the Sudan. In the SAM, the VET system is 

disaggregated into agricultural and non-agricultural. STAGE-Edu is extended and 

adjusted following the modifications in the database. The main goal is to explore the 

long-run implications of two types of policies on Sudanese economic growth and human 

capital accumulation. 

1.5 Outline of the dissertation 

The rest of this dissertation is organized into nine chapters. Table 1-1 illustrates the main 

characteristics of the chapters of this dissertation. The remainder of this section provides a short 

summary of each chapter.  

Chapter 2 covers the origin, concept, and critical features of the SAM. It also discusses the 

construction process of the SAM. More importantly, Chapter 2 reviews the existing methods 

for incorporating ET services in the SAM. 

Chapter 3 provides a brief history of CGE models. A concept and general approach of CGE 

modeling by identifying its links with general equilibrium theory are laid out. Chapter 3 also 

provides a comprehensive review of existing education-focused CGE models. 

Chapter 4 covers the key features of STAGE-Edu. It provides a full description of the 

specifications of updating the human capital stock. It also presents the extensions made for 

linking the labor force to the ET system, which is the core of this dissertation.  

Chapter 5 documents the development of the SAM for the Sudan for the year 2016, including 

detailed information about the ET system. It also discusses non-SAM data, including 

employment data, data about ET outputs (e.g., enrollment and dropouts), population data, and 

elasticity parameters. Furthermore, Chapter 5 presents some findings from the SAM. 
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Table 1-1: Overview of critical features for the chapters of the dissertation 

  Chapters 

No Features for the chapters 2 3 4 5 6 7 8 9 

1. Theoretical framework of SAM         

2. Theoretical framework of CGE models         

3. Description of STAGE-Edu         

4.  Data and parameterization         

5. Calibrated application         

6. Policy implications           

7. 
General conclusion, research limitation and 

further research 
      

 
 

8. Full documentation of STAGE-EDU         

Source: Author's compilation. 

Chapter 6 addresses the research question of whether a drop in private household expenditure 

on the ET system decreases the dropouts in the Sudan and evaluates the implications of this 

policy on the economy. It compares the results of four scenarios of decreasing direct cost paid 

by private household for ET services. Besides, Chapter 6 presents a comparison between three 

instruments for financing the expansion of the ET system. 

Chapter 7 builds on the findings of Chapter 6 and assesses the impacts of two different 

government policies on economic growth and human capital accumulation in the Sudan. Firstly, 

the supply-side policy of expanding agricultural VET by means of lowering its value-added tax. 

Secondly, the demand-side policy of supporting the agricultural sector by means of decreasing 

sale taxes on agricultural products. Chapter 7 reports findings from sensitivity analyses 

concerning elasticity parameter values. 

Chapter 8 synthesizes the main findings of this dissertation. Hence, it provides general policy 

implications and research limitations. Moreover, it highlights suggestions for further research. 
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The dissertation ends with an addendum, which contains a full description of STAGE-Edu. It 

also includes the lists of model sets, variables, and parameters. 
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2. Theory of Social Accounting Matrix 

National accounts have been used to assess, analyze and forecast national economies using a 

set of internationally agreed indicators and concepts (European Commission et al., 2009). These 

accounts provide a coherent picture of the flows and stocks of goods and services, human 

beings, or natural resources (Stone, 1986).  

The origin of national economic accounting goes back to William Petty in the 17th century 

(Stone, 1986). In 1664, Petty introduced the first estimates of national income of Britain and 

Gregory King. These estimates can be considered as the first balances of the national economy 

for England, France, and Holland. The main objective of his work was to determine the 

contribution made to wealth by the various societal groups in order to make the tax system more 

equitable.  

In 1758, François Quesnay, Louis XV's physician, introduced a systematic way to track 

expenditure in an economy in his publication “Tableau Economique”. This table was considered 

the kick-off of the analysis of inter-sectoral flows on a macro-economic basis (Naudé, 1993). 

By the end of the 18th century, income estimates for twenty countries were available. Most of 

these estimates were prepared by Mulhall (Stone, 1986). 

In 1936, Wassily Leontief introduced an Input-Output (I-O) table for the United States (Miller 

and Blair, 2014). The focus point of the Leontief I-O table was to analyze the interdependence 

of industries in the economy. The table focused on final products and intermediate input 

requirements5. Since then, the Leontief I-O table has been widely applied for economic analysis 

and provided a useful depiction of multi-sectoral relationships in the economic system. Also, 

substantial contributions in the field of national income estimates were conducted by Bowley 

from England and Kutznets from the United States (Stone, 1986). Furthermore, the Leontief  I-

O table provides a detailed picture of product distribution throughout the economy (Miller and 

Blair, 2014). Nevertheless, the Leontief I-O table does not show the interrelationship between 

gross value-added, final uses, and incomes (UN, 2018).  

At the end of the 1940s and the beginning of the 1950s, Richard Stone proposed using the 

Leontief I-O table to be a part of national accounting in a matrix format, called a Social 

Accounting Matrix (SAM) (Stahmer, 2004). He explained that the Leontief I-O table could be 

                                                
5 In this dissertation, the term “products” is a term refers to both commodities and services. 
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extended to a SAM by including institutional sector accounts. This extension shows the entire 

circular flow of income in the SAM. 

In 1960, the first SAM for Great Britain was developed by Stone in association with Brown 

(Pyatt and Round, 1977). The SAM was constructed as the information system counterpart of 

the early version of the Cambridge Growth Model. In this project, Stone improved the 

conceptual framework of such matrix presentation by stressing the importance of using different 

statistical units (e.g., commodities and institutional units) to describe economic activities 

(Stahmer, 2004). In 1968, Stone constructed more detailed national accounts based on a matrix 

framework called System of National Accounts (SNA), used by the United Nations in UNSO 

(Chander et al., 1980). The SNA has set down guidelines for developing national income 

statistics as part of a more comprehensive social accounting matrix approach (Pyatt and Round, 

1977).  

In the 1970s,  SAMs were used as a type of national accounting, particularly for developing 

countries (Stahmer, 2004). Since then, SAMs have been used to describe the circular flows 

within the economy. It has subsequently used for economic analysis and development planning 

(see Pyatt and Round (1985)).  

The remainder of this chapter is organized as follows. Section 2.1 presents the concept of the 

SAM. Section 2.2 describes the structure of the SAM. It also illustrates the circular flow in the 

SAM as well as different accounts in the SAM. Subsequently, section 2.3 explains the main 

steps for constructing the SAM, and section 2.4 presents a brief overview of SAM applications. 

Section 2.5 focuses on incorporating ET in the SAM. The conclusions of this chapter are 

presented in section 2.6. 

2.1 Concept of the SAM 

A SAM is an economy-wide data framework that incorporates all transaction values between 

different agents in a country over a particular period, usually one year (Pyatt and Round, 1985). 

It provides a comprehensive, consistent, and complete snapshot of the socio-economic system 

in a country (King, 1985; Thorbecke, 2000). Moreover, the SAM represents macro-, meso-, and 

micro-economic accounts by linking the macro structure to the framework of institutions and 
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markets (Round, 2003a). The SAM also serves as a benchmark database for calibrating CGE 

models (Dervis et al., 1982)6.  

According to Pyatt (1991), the SAM provides a unique insight into the SNA, capturing the full 

circular flow in an economy. This sophisticated structure works for an economic model as an 

instrument that explains how the economy works. Thus, the accounting identities captured by 

the SAM are not only consistent requirements that must be imposed on the economic model. 

Instead, they represent a logical consequence of the paradigms, which most economists have 

adopted to analyze societies (Pyatt, 1991). 

2.2 Structure of the SAM 

The SAM consists of information about consumption patterns, production structure, 

government budget, the balance of payments, and investment and savings (Eckaus et al., 1981). 

The SAM incorporates all transactions in the economy, reflecting the complete picture of the 

economy. 

The SAM highlights the concept of "the circular flow of income" in the economy, as illustrated 

in Figure 2-1. According to Mainar-Causapé et al. (2018), the circular-flow concept can be 

traced back to Boulding in 1966. He represented the finite resource limitations facing the 

population on Earth using a space trip. It is noteworthy that the circular flow is a closed system. 

This system reflects that the income of one account is an expenditure made by another account. 

For instance, activities produce a set of commodities and services using a combination of 

production factors. The returns of using these factors are distributed to institutions (domestic 

and foreign institutions). These institutions use their factor incomes to purchase commodities 

and services. These purchase payments are the profits of the activities. 

The SAM depicts the full circular flow of income for an economy in a square matrix format in 

which each particular transactor has a row account and a corresponding column account (Pyatt, 

1988). The latter records the expenditure, while the row account records the incomes, 

representing the single-entry bookkeeping principle. Hence, the entry 𝑇𝑗𝑘 in column 𝑘, and 

row 𝑗 represents the payments by transactor 𝑘 to transactor 𝑗 during the accounting period. 

Simultaneously, this transaction value 𝑇𝑗𝑘 is an expenditure by the transactor 𝑘 and an income 

                                                
6 Concept and theory of CGE models are discussed in more detail in Chapter 3. 
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for transactor 𝑗. In each account (𝑗) in the SAM, total income 𝑇𝑗𝑘 and total expenditure 𝑇𝑘𝑗 must 

be equal and balanced, which can be expressed as follows:  

∑𝑇𝑗𝑘
𝑗

= ∑𝑇𝑘𝑗

𝑗

 

Table 2-1 illustrates a basic structural framework of the SAM, reflecting exactly the circular 

flow of income that appeared in Figure 2-1. Moreover, Table 2-1 shows transactions occurring 

within one account, e.g., inter-household transfers in household accounts and marketing margin 

in the product (commodities and services) accounts. 

The SAM distinguishes between industries and products that they produce. This specification 

allows the individual industry to produce multiple commodities, i.e., farmers can produce wheat 

and cotton. Consequently, each account requires a different sectoral breakdown.  

Typically, the SAM has five basic accounts, namely: (i) product accounts, (ii) activity accounts, 

(iii) factor accounts, (iv) domestic institution accounts, (v) capital account, and (vi) one or more 

accounts for the rest of the world. In the following sections, each account is defined. Besides, 

its interactions with the rest of the economy are described, following the structure of Table 2.1. 

2.2.1 Products 

The product accounts report the demand and the supply of commodities and services available 

in the economy during the accounting period. The row of product accounts (row C) records the 

domestic payments at the purchase price, including taxes on products, e.g., value-added tax and 

sale tax7. Regarding Table 2-1, these payments are made by domestic activities as cost of 

intermediate consumption, other products as trade and transport margin costs, and final demand 

by households, enterprises, government, total fixed investment (gross capital formation and 

changes in stocks), and the rest of the world.  

 

                                                
7 Mainar-Causapé et al.  (2018) define the purchase price as the amount paid by a purchaser to take delivery of a 

unit of a product at a specific time and place. The purchase price includes any transport charges paid 
separately by the purchaser to take delivery to the required place and time and excludes any value-added or 
similar tax deductible by the purchaser. 
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Figure 2-1: Circular flow diagram for transactions in an economy 

Source: Author's compilation based on Breisinger et al. (2010). 
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All prices along the row of product accounts are the same, implying the "law of one price" 

(Pauw, 2003). The intermediate use and final domestic consumption are valued at the purchase 

prices along the row of product accounts. In contrast, the exports are valued by the export prices, 

which are defined by the world market prices.  

According to Mainar-Causapé et al. (2018), trade and transport margins are additional costs of 

supplying commodities and services in domestic and foreign markets. For domestically 

produced products, the margins represent the costs of moving the products from production 

location, i.e., farms, to consumers or to the dock gate. For imported products, they represent the 

costs of bringing the products from the dock gate to local consumers. 

Product expenditures (column 1) consist of gross supply to domestic activities, import payments 

to the rest of the world, and tax payments to the government, including taxes on domestic sales 

and imported products. 

2.2.2 Activities 

The activity accounts represent all domestic activities that produce commodities and services. 

They report the total costs of all domestic production and their supplies at domestic markets. At 

the activity column (column 2), activity expenditures consist of costs of using production factors 

and intermediate inputs as well as net tax payments (tax minus subsidies on production). The 

value-added by activities is the sum of factors remuneration plus taxes and subsidies on 

production (Mainar-Causapé et al., 2018).  

The income of activities is equal to gross domestic supply, which is valued at basic prices 

(row A)8. 

2.2.3 Factors of production 

In general, production factors include labor, capital, and land or natural resources. The accounts 

record the payments from activities for using the productive services (row F). It also records 

the distribution of these payments across various institutions according to their factor 

ownerships (column 3). 

                                                
8 Mainar-Causapé et al.  (2018) defines the basic price as the amount receivable by the producer from the 

purchaser for a unit of a good or service produced as output minus any paid taxes and plus any received 
subsidy. The basic price excludes any transport charges invoiced separately by the producer. 
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Depending on the purpose of the analysis, the production factors, i.e., labor, maybe 

disaggregated. The disaggregation of factors should be consistent with the disaggregation of 

institutions that own these factors (Mainar-Causapé et al., 2018). For instance, if the SAM 

would be used to explore poverty and employment issues and policies, this would require the 

disaggregation of both labor factor account and household account according to location, skill 

level… etc. Otherwise, e.g., when the SAM has one aggregate household and multiple labor 

groups, which means that changes in different labor incomes are those of the sole aggregate 

household, this cannot reflect changes in incomes of different household groups. 

2.2.4 Domestic institutions 

Pyatt (1991) defined institutions in the SAM as "legal entities which have two key attributes. 

Specifically, that they can (a) own assets and incur liabilities, and (b) engage in transaction". 

Following this definition, the SAM normally contains households, enterprises, and government. 

These accounts record expenditures of domestic institutions along with the columns and their 

incomes along the rows.  

According to Round (2003b), families or households are usually socio-economic groups that 

may be disaggregated according to a specific set of characteristics, e.g., gender, employment 

status, and location. Income level (e.g., division by income deciles) is usually avoided as a 

criterion for disaggregating households. This is because it is challenging to specify household 

groups when the individual households are mobile across income groups. It makes ex-ante and 

ex-post comparisons and policy-targeting difficult. Nevertheless, the income percentile 

criterion is used in several SAMs, especially for making cross-sectional comparisons. 

Characteristics for household disaggregation are often determined according to the analysis 

interests. 

As shown in Table 2-1, households earn income from factors they own, inter-household 

transfers, social transfers, capital transfers from enterprises, and foreign remittances (row H). 

These incomes are used for direct taxes, intuitional transfers, and consumption (column 4). 

Household savings represent the difference between their income and expenditure. These values 

are often determined as residuals due to the difficulty of acquiring household savings data. 

Enterprises or corporations are institutions that are usually owned by households and/or 

government (Round, 2003a). The receipts of enterprises consist of payments from their asset 

ownership (i.e., land, natural resources, or capital) and transfers from other institutions (row E). 
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They spend these incomes on direct taxes and capital transfers with the residual savings 

(column 5). Enterprises can also be disaggregated, for example, based on ownership of private 

and public enterprises. 

The term "Government" in the SAM refers to the public administration institutional sector. It is 

usually a single account that earns its income from direct and indirect taxes, factor income, and 

net institutional transfers (row G). The account usually reports tax transactions in a detailed 

manner. This provides clear identification of the relevant tax instruments in the economy. 

The government uses its revenues to pay for recurrent consumption expenditure and transfers 

to other institutions (column 6). The difference between government revenues and expenditures 

represents the government budget balance (deficit or surplus)9. 

2.2.5 Foreign account 

The rest of the world is an aggregate account that combines all foreign countries, which can 

sometimes be disaggregated into more accounts depending on the research question, e.g., to 

analyze impacts of international trade policies.  

The foreign account reports trade and transactions between domestic institutions and the rest of 

the world. Foreign expenses are transfers to households (remittances), enterprises (capital 

transfers), and government (grants and development aid), as well as export payments (column 

8). Foreign receipts are payments of imported goods, returns to foreign factors used 

domestically, and transfers from domestic institutions expressed in foreign currency (row W).  

The difference between foreign revenue and expenditure is the current account. By definition, 

the current account represents the net capital received from abroad (Thorbecke, 2000).  

2.2.6 Capital account 

The capital account is also called accumulation or savings-investment account. This account 

records the resource distribution of capital formation and how these resources are used to 

purchase investment products and building stock changes (Bellù, 2012). The capital account 

receipts consist of depreciation, savings from all domestic institutions, and capital transfers 

from abroad, which can be negative or positive (row K). These aggregate savings are allocated 

between investment demand and stock change (column 7). 

                                                
9 If government expenditures exceed its revenues, it is a deficit, while the opposite is a surplus. 
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Table 2-1: A standard framework of the SAM 

 
1 2 3 4 5 6 7 8 9 

Commodities Activities Factors Households Enterprises Government Capital Rest of the world TOTALS 

C Commodities  Marketing 
margins 

Intermediate 
demand   Household 

consumption   Recurrent 
expenditure 

Investment 
demand and stock 

change 
Export earnings Total demand 

A Activities Domestic 
supply                           Activity income 

F Factors   Value-added          Factor payments 
from abroad  Factor income  

H Households     Factor payments to 
households 

Inter-household 
transfers   

Capital transfers to 
households  Social transfers    Remittances from 

abroad 
Household 

income 

E Enterprises     Factor payments to 
enterprises     

Government 
transfers to 
enterprises  

   Foreign payments 
to enterprises 

Enterprise 
income 

G Government  
Tax less 

subsidy on the 
product 

Tax less subsidy 
on production 

Tax less subsidy 
on factor income Household tax   Enterprise tax     Grant and 

development aid   
Government 

income 

K Capital    Depreciation Household 
savings  

Enterprise 
savings 

Fiscal  
surplus 

 Capital account 
balance  Savings  

W Rest of the world Import 
payments   Factor payments to 

abroad 
 Remittances to 

abroad 

 Enterprise 
payments to 

abroad  

 Current transfers 
to abroad     Foreign exchange 

outflow 

T Totals Total supply Gross output Total factor 
payments 

Household 
expenditure  

Enterprise 
expenditure  

Government 
expenditure  

Total investment 
expenditure  

Foreign exchange 
inflow  

• This table reflects the transactions and transformations that appear in Figure 2-1, while “Households” and “Enterprises” are disaggregated. 

Source: Author's compilation based on Breisinger et al. (2010).
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2.3 Construction process of the SAM 

There is no optimal sequence or unique manner for constructing a SAM. Mainar-Causapé et al. 

(2018) consider two main steps in the construction of a SAM. The first step is to construct a 

"Macro-SAM", which can be estimated mainly using aggregate data from national accounts and 

other sources. The second step is to estimate a "Micro-SAM" by disaggregating the Macro-

SAM. 

The disaggregation usually depends on the available data and the issue of interests (Eckaus et 

al., 1981). Thorbecke (2000) suggested the following four significant steps for disaggregating 

the Macro-SAM: 

1) Construct activity accounts in the SAM based on the I-O table. 

2) Disaggregate value-added using available data, e.g., employment surveys and 

agricultural and industrial statistics on the labor force and its composition.  

3) Determine income of different socio-economic groups based on household income and 

expenditure surveys and the government budget. 

4) Define a detailed balance of payments using trade statistics, which record the 

transactions with the rest of the world. 

The Micro-SAM is usually constructed using data from different sources such as governmental 

institutions and international organizations. Each source uses various statistical methods and 

approaches to determine the estimates of its economic database. Collecting data from different 

resources allows checking the quality and the range of available estimates by identifying the 

critical gaps (Thorbecke, 2000).  

The Micro-SAM resulting from these steps is often unbalanced and inconsistent. This means 

that the summation of the row and the summation of the column for each account are not equal. 

There are econometric optimization techniques that are often used to balance the SAM. For 

instance, Cross-Entropy (CE) and Stone-Byron methods are used to estimate the unknown row 

and column totals (Robinson et al., 2001)10. 

                                                
10 For more information about econometric optimization methods for balancing SAM, see Lemelin et al.  (2014), 

Robinson et al.  (2001), and Round  (2003a). 
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When SAM entries are missing, and the corresponding transaction should exist, it is necessary 

to estimate those values11. According to Round (2003b), the missing values can be either 

estimated directly as residuals using the accounting constraints or eliminated using an 

aggregation of accounts. 

In some cases, the existing SAM for the previous period can be updated following a systematic 

process and using specific and ad hoc data for the recent period (Mainar-Causapé et al., 2018). 

2.4 Applications of the SAM 

As already mentioned, the SAM provides a structural framework of the socio-economic system 

of a country, which depicts the production structure, the composition and use of income, 

consumption patterns, savings, investment, and foreign trade. Consequently, the SAM can be 

used for several economic analyses, estimating the potential effects of exogenous economic 

changes and injections like an increase in government expenditure on health services. In 

general, there are two types of economic models based on the SAM (Mainar-Causapé et al., 

2018), namely: (a) linear multiplier models and (b) CGE models. 

Linear multiplier models are developed based on the Leontief I-O theory. These models capture 

a complete circular flow of the economy. Multiplier models are often used to evaluate the 

impacts of exogenous changes, e.g., reducing export demand on endogenous variables, e.g., 

household consumption, under a set of assumptions. These assumptions include fixed-price 

settings, unlimited factor resources, and no behavioral changes (Breisinger et al., 2010; Round, 

2003b)12. Compared to I-O models, multiplier models consider all types of multiplier effects, 

I-O, gross domestic product (GDP), and income (Breisinger et al., 2010). Although these 

models provide a useful structural analysis that identifies all channels and paths through which 

changes occur within an economy, they do not explain the structural and behavioral path 

analysis13. From a policy point of view, linear multiplier models provide a transparent way to 

clarify the potential effects of different policies (Round, 2003b), and they have been used widely 

                                                
11 Gaps and missing entries in the SAM should be treated differently from inconsistent estimates. Balancing a 

SAM relates to eliminating differences in column and row totals for each account. In contrast,  missing data 
in the SAM requires estimating the value of transaction.  

12 According to Breisinger et al.  (2010), all structural relationships between sectors and households in the 
economy are not affected by exogenous demand charges. This means the input coefficients of producers and 
the consumption patterns of households remain unchanged. 

13 See Round  (2003b), Breisinger et al.  (2010), and Miller and Blair  (2014). 
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to assess a variety of different sets of policies (see Pyatt and Round (1985), Haggblade and 

Hazell (1989), and Haggblade et al. (1991)). 

CGE models, on the other hand, allow some or full flexibility in prices. From a technical 

standpoint, the structure of CGE models is more complicated than linear multiplier models. 

This technical setting strengthens the explanatory power and the simulation capacity of CGE 

models. In addition to adopting the economic structure in the SAM, CGE models reflect the 

behavior of economic agents, which are depicted in the SAM. The SAM is used as an initial 

database for calibrating parameters and coefficients of various equations in CGE models. Each 

account and each sub-account in the SAM have corresponding variables in the model, which 

can be exogenous or endogenous depending on the model setting14. 

SAMs have been extensively used in the analysis of poverty (Thorbecke and Jung, 1996), 

employment (Khan and Thorbecke, 1989), international trade (Punt, 2004), environment 

(Duarte et al., 2012), and energy (Rao et al., 2018). As for the geographical scope, SAMs have 

been used for the economic analysis at a national level (Siddig et al., 2018), a regional level 

(López-Cobo, 2016), a district-level (Lewis and Thorbecke, 1992), or a village level (Parikh 

and Thorbecke, 1996). 

SAMs are often supplemented with additional data called "satellite account". These accounts 

substantially increase the use of the SAM by extending its structure or adding additional 

information (Mainar-Causapé et al., 2018). The satellite account sets must be consistent with 

the SAM (European Commission et al., 2009). This consistency allows linking the quantity 

information in the satellite accounts to the corresponding transaction values in the SAM. 

Satellite accounts usually contain physical units of assets or non-economic data for a specific 

account in the SAM, e.g., employment or land use across various productive sectors. Using 

satellite accounts allows linking the monetary accounting system to physical data and analysis 

(Mainar-Causapé et al., 2018), which is a key issue for incorporating ET in the SAM.  

                                                
14 The theoretical concept and specification of CGE models will be discussed in Chapter 3. 
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2.5 Incorporating education and training in the SAM 

ET plays a crucial role in improving economic growth and the character of socio-economic 

development (Firestone, 1968). They increase the productive potential and capacity of 

individuals, enhancing the quality of the labor force.  

This section reviews existing approaches used to incorporate ET in the SAM (section 2.5.1). It 

also discusses disaggregating the ET system in the SAM (section 2.5.2). 

2.5.1 Approaches for incorporating education and training in the SAM 

There are two approaches to incorporating ET in the SAM: a) an expenditure approach and b) 

a capital formation approach. The remainder of this section focuses on these approaches by 

summarizing and identifying critical differences among them.    

2.5.1.1 Expenditure approach 

This approach is introduced in the Keynesian theory (Seers and Jolly, 1966), which treats ET 

as a current expenditure. This implies that the value of human capital is estimated based on 

current expenditures.   

In this approach, ET are services produced domestically or abroad and demanded as a final 

product by local or foreign consumers.  

2.5.1.1.1 Supply of education and training  

ET are services produced by schools, colleges, universities to individuals. These services can 

be market or non-market services (European Commission et al., 2009)15. Private sectors provide 

ET market services. In contrast, ET non-market services are supplied by the general government 

and non-profit institutions serving households (NPISHs). 

ET non-market services are free of charge or at not economically significant prices, reflecting 

that prices cover less than half the production cost. These services are financed by taxation and 

social contribution. Nevertheless, there is no direct link between the tax payment and the level 

                                                
15 UNESCO and IIEP  (2016) defines ET as economic activities that involves some form of communication 

intended to bring learning to individuals.  
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of services received. This is because the tax is a compulsory transaction to the general 

government and is not the government service price (European Commission et al., 2009). 

ET services are produced by combining intermediate inputs and value-added. Intermediate 

inputs refer to products such as textbooks, school suppliers. Value-added is associated with 

employees (teachers and administrative staff), fixed capital (costs of school buildings and 

equipment), and net taxes on production.  

Furthermore, ET services can also be imported from abroad. The importation of ET services 

refers to individuals following courses offered by non-residents (United Nations, 2020). 

Consequently, total ET supply in the domestic economy is a summation of total ET outputs 

(market or not) produced domestically plus ET services imported from abroad. 

The value of ET output is estimated differently according to the type of ET provider. The ET 

market output value equals the sales of ET services. In contrast, the value of ET non-market 

outputs is estimated using the total production costs.  

2.5.1.1.2 Demand for education and training  

ET services can be consumed as intermediate inputs or final services (European Commission 

et al., 2009). The intermediate demand refers to ET services requested by employers to enhance 

the efficiency of their staff. Final demand refers to ET services that are consumed by 

households, the general government, the NPISH, and non-resident students (exports) (United 

Nations, 2020)  

There are two types of ET expenditure covered by private households (UNESCO and IIEP, 

2016). Firstly, direct expenditure on ET consists of the following categories: (a) tuition fees, (b) 

other fees charged for ET, (c) fees paid for ancillary services provided by ET institutions, and 

(d) any "parent contribution fund" paid to schools16. Secondly, indirect expenditure on ET refers 

to additional payments necessary for school, college, or training program attendance, e.g., 

payments for uniforms, transportation, and books. Since these payments are made outside the 

ET system, they are not included in ET expenditure.  

                                                
16 Other fees charged for ET include registration fees, laboratory fees, or examination fees, while fees (c) are 

such as for boarding/student housing, meals, or health services. 
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ET expenditure for individuals studying abroad is considered domestic expenditure (imports) 

as long as they remain members of resident households (United Nations, 2020). In contrast, ET 

expenditures of individuals who are members of non-resident households are treated as exports 

in the domestic economy. 

Government and NPISHs expenditure on ET includes direct expenditure on ET institutions and 

ET-related public subsidies given to households, which are administered by ET institutions 

(Lequiller and Blades, 2014). In some countries, the government may purchase ET 

(professional training) from market producers (e.g., private ET institutions) to facilitate the 

matching of unemployed people with a job (European Commission, 2007). These transactions 

are also not considered as part of ET expenditure. Instead, they are recorded as social transfers 

to households. 

Based on the above information, the total ET expenditure is a summation of domestic institution 

expenditure on ET (employers, households, the general government, and the NPISH), plus the 

expenditure of resident students abroad, minus the expenditures of non-resident students in the 

country. These expenditures are calculated using their current values, which can be used to 

estimate the value of human capital.  

2.5.1.2 Capital formation approach 

Seers and Jolly (1966) formulated another approach for incorporating ET services in the SAM. 

This is treating education expenditure as a form of human capital investment, while training 

expenditure, e.g., VT, as a current expenditure. This is because substantial economic benefits 

of education appear in the longer run. This approach suggests two significant steps for treating 

education expenditure as part of capital formation. First, education should be shifted from 

consumption to the capital account. This requires selecting what type of education will be 

considered as an investment. In this approach, all education types are included since lower 

education levels are an indispensable preparation for the higher levels. It also requires including 

a more detailed breakdown of different investment forms in the capital account, e.g., investment 

in machinery, investment in housing, and investment in human capital. This classification 

provides a clear picture of the variety of items included within the investment. It also permits 

including or excluding items depending on the purposes of analysis. 
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Second, the educational capital stock should be valued by replacement costs. Using these costs 

includes developing educational profiles in physical units valued by standardized or present 

costs17. Human capital depreciation is estimated based on mortality and retirement as indicators. 

This approach is rarely used in depicting ET in the SAM. This can be attributed to the challenges 

in estimating the depreciation of human capital stock, which is calculated based on retirement 

rates. These rates are often estimated very roughly, particularly in developing countries. 

2.5.2 Disaggregation of education and training in the SAM 

ET can be aggregated or disaggregated in the SAM. The disaggregation can be conducted 

according to schooling years (primary and post-primary education) or the service provider 

(public and private education). The main driver of this disaggregation is the issue of interest of 

the analysis18.  

The disaggregation of ET requires additional details about the expenditure and consumption of 

each ET sub-sector. This detailed data is usually not available, particularly in developing 

countries. Since the MDGs launch at the beginning of 2000, many countries have increased 

their expenditure on education to achieve MDG 2 and, recently SDG 4. Still, most of these 

countries are not able to estimate their actual current ET expenditure. Hence, they could not 

track their ET expenditure by different ET levels and the amounts of household expenditure on 

ET due to missing detailed data (UNESCO, 2016).  

Recently, National Education Accounts (NEA) have been introduced as a new method for 

producing accurate data for the national ET system. UNESCO and IIEP (2016) define the NEA 

as follows "it is a framework for measuring the economy of the ET sector, within the national 

economy of a country, through a set of statistical tables recording financial data on the domain 

in an organized way". The NEAs aim to measure the effort in the country to acquire knowledge 

through its ET system. It also provides a complete picture of ET expenditure of government 

and households. Currently, there are only eight developing countries using the NEA, which are 

Côte d'Ivoire, Guinea, Lao PDR, Nepal, Senegal, Uganda, Vietnam, and Zimbabwe.  

                                                
17 The education profile illustrates the share of each age group attaining a given education level. 
18 For instance, analysis of the socio-economic impacts of different ET policies on household welfare. This 

disaggregation may require classification of the labor force according to a specific criterion, i.e., years of 
schooling or professional occupation. It also may require disaggregation of households, to reflect their 
interdependencies with factor markets. 



Chapter 2 

25 

2.6 Conclusions 

The SAM illustrates how different socio-economic groups interconnect and records their 

interactions with the rest of the economy. It also provides the best use of available data to 

understand the socio-economic system. Consequently, SAMs have been used widely to 

calibrate economy-wide models, particularly CGE models. 

This chapter reviews the two existing approaches for incorporating ET in the SAM. First, the 

expenditure approach includes ET expenditures in the current account. The current ET 

expenditure is used to estimate the value of the human capital stock. Second, the capital 

formation approach treats ET expenditure as an investment. Then, the human capital stock is 

valued by present or standard cost. The latter approach is rarely used compared to the 

expenditure approach. This is because of the unavailability of accurate data to estimate the 

depreciation rate of human capital, especially in developing countries. 

In this dissertation, the expenditure approach is used to incorporate ET in the SAM. Moreover, 

ET are disaggregated mainly into AKE and VT. Those are further disaggregated, aiming at 

capturing ET structure of the country under study. Several satellite accounts are used to 

supplement the developed SAM. These external accounts contain additional information 

(quantity) on employment, i.e., factor uses by activities, and the ET system, e.g., enrollment by 

grade, cycle, and household, and elasticities for capturing the responsiveness of households to 

changes in the ET policies. The construction process of the SAM used in this dissertation is 

addressed in Chapter 5.  

The next chapter discusses the SAM as a benchmark for CGE models. It also discusses the 

theory and concept of CGE models. 
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3. Theory of Computable General Equilibrium Models 

CGE models are employed under a general equilibrium theory that combines economic actor 

rational behavior with equilibrium conditions (Böhringer et al., 2003). These models provide 

significant insights into mechanisms that determine relative prices, resource allocation, and 

income distribution. Moreover, CGE models use actual economic data to describe how 

economic actors behave and react to shocks or policy changes consistent with standard 

economic theory (André et al., 2010). 

CGE models have been widely used as analytical tools in economic analysis and policy-oriented 

research during the last decades (Devarajan and Robinson, 2013). Different types of CGE 

models have been developed to analyze a wide range of policymaker interests in different fields 

such as climate change, international trade, agricultural and food sectors, energy, development 

plans (Bergman, 2005).  

This chapter reviews empirical CGE models that focus on education to provide a perspective 

for the model developed in this dissertation. The majority of education-focused CGE models 

are recursive-dynamic single-country models. Most of these models incorporate education in 

their analysis to quantify the implications of various educational policies and strategies on 

poverty reduction and income distribution. Applications include the analysis of government 

investment planning efficiency, determinants of household decisions regarding education, and 

impacts on the labor market. Some studies consider distinctive skill levels of labor concerning 

AKE levels. Nevertheless, the existing education-focused CGE models do not include the VET 

system. This could limit their significance by providing an incomplete analysis of skill 

formation measures. 

This chapter is organized as follows. Section 3.1 provides a definition of CGE models. The 

history of CGE model development is reviewed in section 3.2. An overview of general 

equilibrium theory is provided in section 3.3. Section 3.4 categorizes CGE models according to 

various criteria. Section 3.5 discusses the main elements of constructing and applying CGE 

models. The advantages and disadvantages of CGE models are discussed in section 3.6. Section  

3.7 discusses in detail how education is incorporated in CGE models. Section 3.8 concludes 

this chapter. 
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3.1 Definition of CGE models 

A CGE model is an applied general equilibrium model that includes a set of simultaneous 

equations to depict a whole economy and interactions among its various actors (André et al., 

2010; Burfisher, 2016). It incorporates explicit specifications of economic actor behavior, 

considering the technological and institutional constraints in the economy (Dixon and 

Parmenter, 1996). Consequently, it describes reactions and behaviors of economic actors 

different external shocks consistent with standard economic theory numerically (Dervis et al., 

1982). 

The expression CGE summarizes the essential features of the model. According to Dixon and 

Parmenter (1996), the term computable reflects the capability to quantify the influences of a 

shock on the economy by producing numerical results based on real data. The term general 

indicates the explicit specification of the behavior of all economic actors simultaneously and 

the linkages among them. The term equilibrium refers to market equilibrium assumptions. For 

each market, prices modify to ensure that total demand does not exceed total supply.  

3.2 Brief history of CGE models 

In 1960, the first CGE model, the Multi Sectoral Growth (MSG) model, was introduced by Leif 

Johansen (Dixon and Parmenter, 1996). The MSG model is used to depict the growth of the 

Norwegian economy. The model uses I-O data and price and income elasticities of households 

derived using the Frisch additive utility method. Moreover, the MSG model combines the 

dynamic Leontief I-O model with macroeconomic production and consumption functions 

(Zalai, 1998). Overall, Johansen’s model is a linear model solved using linear algebra.  

There was no significant progress in the development of CGE models from the 1960s until the 

1970s. In that period, the development of economy-wide econometric models had expanded 

dramatically, particularly those based on time-series (Dixon and Parmenter, 1996).   

Scarf (1967a, 1967b and 1973) links between the theoretical existence theorems and CGE 

modeling. He designed a numerical technique (fixed-point algorithm) for computing solutions 

to non-linear models (Dixon and Parmenter, 1996). Subsequently, Scarf's model became a 

leading contribution for constructing a large number of CGE models in several fields (Bergman, 

2005; Dixon, 2006; Dixon and Parmenter, 1996). 



Chapter 3 

29 

During the last decades, the development of CGE models has rapidly increased mainly due to 

two advances (Dixon and Parmenter, 1996). Firstly, CGE models became more accessible due 

to expanding computer capacity together with improvements in computer software, i.e., General 

Equilibrium Modelling PACKage (GEMPACK) and General Algebraic Modeling System 

(GAMS). Secondly, the economic equilibrium theory has expanded, including additional real-

world economic features such as complex tax systems and imperfect competition.  

3.3 Theory of general equilibrium 

The theoretical framework of modern-day CGE models has been developed by combining three 

quite distinct origins: Walras, Leontief, and Arrow-Debreu models (Hosny, 2013; Zalai, 1998). 

Walrasian equilibrium is a backbone of CGE models introduced by Leon Walras in 1874. His 

model expresses general equilibrium theory in mathematical terms as a system of simultaneous 

equations representing market equilibrium conditions. The second approach is the I-O model, 

developed by Wassily Leontief in 1936, which describes in detail the inter-industry linkage in 

a given economy (both backward and forward). In 1954, Arrow and Debreu introduced a model 

of general equilibrium to establish a key link between market equilibrium and welfare by 

proving the existence of a competitive equilibrium. The remainder of this section provides an 

overview of the Walrasian equilibrium theory. This is because this theory provides the basis to 

understand the CGE model mechanism (Shoven and Whalley, 1984). 

Economic equilibrium refers to a situation where interrelated markets are adjusted 

simultaneously with no tendency to change (Chiang and Wainwright, 2005). This concept was 

introduced by Léon Walras (1874–1877) (Starr, 2011). He assumes that the economy comprises 

of a set of consumers and producers (actors). These actors integrate into perfectly competitive 

markets for homogeneous commodities and services. This integration is conducted under a set 

of initial endowments and income distribution. Besides, there are zero transaction costs in the 

economy and perfect knowledge of the prevailing market prices (Nicholson and Snyder, 2008). 

Consumers and producers are regarded as passive price takers. These actors react rationally 

under given prices to maximize their utility and profit, considering their economic constraints. 

At this set of prices, an equilibrium is achieved when actors choose their net supplies and 

demands (Gravelle and Rees, 2004). 

The equilibrium output (prices and quantities) of perfectly competitive markets is known as 

Walrasian equilibrium. According to Cardenete et al. (2012), the equilibrium output of a 

competitive market can be analyzed using two perspectives; namely, the partial equilibrium 
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perspective and the general equilibrium perspective. In the partial equilibrium model, the 

market is isolated from all other markets by considering only direct effects. This model applies 

the ceteris paribus assumption, excluding indirect and induced impacts that happen 

simultaneously in other interrelated markets19. In contrast, the general equilibrium model 

considers the economy as a closed and interdependent system of markets. The equilibrium 

prices and quantities result from economy-wide interactions, considering all direct, indirect, 

and induced effects. 

The Walrasian equilibrium theory assumes that all economic actors behave rationally20. This 

rational behavior lays out the basis for assessing the welfare effects of different equilibriums 

(Bacchetta et al., 2012). According to Cardenete et al. (2012), there are two theorems used to 

explain welfare economics in competitive equilibrium markets. The first theorem implies that 

any Walrasian allocation is a Pareto efficient allocation. The second theorem states that any 

Pareto efficient allocation can be implemented as a Walrasian allocation with the use of 

appropriate lump-sum transfers. Pareto efficient allocation is a situation where it is not possible 

to make one individual better-off without making someone else worse-off. Pareto efficiency 

depends on total endowments and individual preferences. In contrast, the Walrasian equilibrium 

depends on prices, individual endowments, and individual preferences. This reflects that not all 

Pareto efficient allocations are Walrasian equilibrium. Nonetheless, any Pareto efficient 

allocation can be transferred into a Walrasian equilibrium with appropriately designed transfers 

of endowments (Cardenete et al., 2012).  

The Walrasian equilibrium model can be considered as the first formal general equilibrium 

model (André et al., 2010). The model can jointly determine production, saving level, capital 

goods and services prices, and the interest rate. The Walrasian equilibrium model represents a 

starting point for building several modern-day CGE models21. 

3.4 Types of CGE models 

CGE models can be categorized according to: (a) temporal frame; and (b) coverage. According 

to the temporal frame, CGE models can be either (a) comparative-static or (b) dynamic. 

                                                
19 Example of partial equilibrium models are the European Simulation Model (ESIM) and the Common 

Agricultural Policy Regionalized Impact (CAPRI) model. 
20 Consumers maximize their utility subject to income constraints, while producers maximize profits. As a result, 

downward-sloping demand curves and upward-sloping supply curves are generated. For more information, 
see Nicholson and Snyder  (2008). 

21 For more information regarding the development of CGE models, see André et al. (2010) and Dixon and 
Parmenter (1996). 
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According to coverage, CGE models can be either (a) single-country models or (b) multi-

country or global models. 

The comparative-static CGE model is 'a "neoclassical" Arrow-Debreu general equilibrium 

model' that considers only one period for generating the capital stock (Devarajan and Robinson, 

2013). It compares the properties of equilibrium after the adjustment process without 

considering the behavior of the economy during that process (Baldacci et al., 2008). The 

investment is only considered as a demand category, while capital goods are not installed during 

the time period. Moreover, such a model contains no money or asset markets. Static CGE 

models contain myopic actors who do not look beyond the current period in making their 

decision, particularly if the static equilibrium can be viewed as steady-state (Devarajan and 

Robinson, 2013)22. 

Dynamic CGE models are introduced to satisfy the growing interest of policymakers in 

intertemporal distortions induced by government interventions, especially tax and subsidy 

reforms (Pereira and Shoven, 1988). A dynamic CGE model presumes that firm and household 

behavior is derived from intra- and intertemporal optimization. Actor savings and investment 

behaviors endogenously determine the growth rate in dynamic CGE models. For instance, 

economic growth would be caused by trade performance and public investment in infrastructure 

and their linkage to total factor productivity (TFP), and investment in education through its 

impact on labor productivity. Dynamic CGE models are divided into (a) recursive or sequential 

and (b) inter-temporal or forward-looking, according to the mechanism of incorporating 

dynamics.  

A recursive-dynamic CGE model includes de facto multiple static models linked to each other 

sequentially (Bacchetta et al., 2012). According to Devarajan and Robinson (2013), the 

recursive-dynamic CGE model is solved for one period to determine variable values based on 

their initial values at the end of that period (with-period solution phase). Hence, these values 

become the initial values for the following period (between-period solution phase). The 

equilibria are connected through capital accumulation, while some of the variables may evolve 

exogenously following a pre-determined baseline and potentially after updates, e.g., population. 

                                                
22 In steady-state economy, no new capital is generated. Investment is used to replace and repair the existing 

capital stock. 
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An inter-temporal CGE model is based on optimal growth theory, where the behavior of 

economic agents is described by perfect foresight (Bacchetta et al., 2012). Such models suppose 

that actors choose a sequence of decisions during the period under consideration that maximizes 

their discounted utility streams. According to Bacchetta et al. (2012), forward-looking behavior 

in inter-temporal CGE models could tremendously complicate the computational exercise. This 

is because future variables influence some current period variables. 

Single-country models, e.g., Static Applied General Equilibrium Model (STAGE) and 

Mitigation, Adaptation and New Technologies Applied General Equilibrium Model 

(MANAGE), often contain more details in terms of actors, and they are in general used for 

analyses of country-specific policy issues and proposals. 

Multi-country or global models, e.g., Global Trade Analysis Project Model (GTAP), tend to 

have less sectoral and institutional details and are designed to analyze multilateral policies such 

as free-trade agreements (Bergman, 2005; Carri, 2008; Dixon, 2006). 

3.5 Development and application of CGE models 

The theoretical structure of CGE models depicts consumer and producer rational behavior to 

determine demand and supply of different products in a specific economy. This structure is 

expressed using a set of linear and non-linear equations, parameters, and variables. 

This section reviews the most relevant elements of the construction of CGE models. It also 

explains benchmark equilibrium, which is an essential step in CGE applications.  

3.5.1 Behavioral functions  

The model is solved simultaneously for equilibrium prices for a set of commodities and services 

and all other solution variables. This allows studying how prices change under exogenous 

shocks. Different functional forms are used for behavioral functions.  

According to Shoven and Whalley (1984), demand functions are continuous and homogenous 

of degree zero in all prices (i.e., no money illusion), satisfying the Walrasian theory of general 

equilibrium23. Besides, producers maximize their profits24. Consequently, the zero homogeneity 

                                                
23 At any set of prices, the total consumer expenditures equal total consumer income. For more information, see 

section 3.3. 
24 Technology compares non-increasing returns to scale (constant or decreasing returns to scale). 
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of demand functions and the linear homogeneity of profits in prices reflect that only relative 

prices are significant in such models25. 

Functional forms used to specify the production structure include Constant Elasticity of 

Substitution (CES), Constant Elasticity of Transformation (CET), Cobb-Douglas, and Leontief 

production functions. These functional forms are usually used in nested production structures26. 

For instance, the aggregate agricultural output is determined by combining aggregate 

intermediate inputs (i.e., seeds, fertilizers, etc.) and aggregate primary inputs (capital, labor, and 

land), using a specific functional form (CES or Leontief). 

CES functions are usually used to combine domestically produced and imported goods when it 

comes to international trade. These functions follow Armington´s assumption that allows 

domestically produced and imported goods to be imperfect substitutes, considering product 

differentiation depending on the country of origin (Armington, 1969)27.  

Functional forms commonly used to define consumer behavior include Cobb-Douglas, Linear 

Expenditure System (LES), Constant Difference of Elasticities Demand System (CDEDS),  

Almost Ideal Demand System (AIDS), Translog, the Rotterdam model, and An Implicitly 

Directly Additive Demand System (AIDADS) (Yu et al., 2004). The final demand of households 

can be modeled using one or more stage nested utility functions. This may include using 

different functional forms at each level, usually determined based on household preferences and 

the scope of the analysis. 

In addition, CGE models include other functions to specify a set of conditions under which an 

equilibrium solution can be achieved, e.g., linear equations to define total final demand in the 

economy. 

3.5.2 Parameters 

Behavioral functions require specific sets of parameters. The parameter values are determined 

using two methods, namely: (a) calibration or numeric instrumentation and (b) econometric 

estimates (André et al., 2010).  

                                                
25 Homogeneity of degree zero in prices indicates that doubling all prices doubles monetary profits. 
26 The nested production structure that is adopted in this dissertation is discussed in Chapter 4 Section 4.2.  
27 For more information, see Armington (1969). 
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Calibration methods are the most often used procedures. In this method, the parameter values 

are calculated using the actor optimization conditions based on the economic reference data.  

The data used for calibration are usually obtained from different national and international 

sources. The data is usually gathered and arranged in a consistent way using the SAM28. The 

SAM organizes the national database in a complete and consistent square matrix that provides 

a picture of the circular flows of the economy for a specific year (Dervis et al., 1982).  

Some of the parameter values, i.e., elasticities, are specified exogenously based on existing 

databases or on outright guesses when data is not available. This method is deterministic and 

provides no statistical test of the model specification, which is a limitation. 

Econometric estimates are considered more accurate in determining the parameter values than 

the calibration method (André et al., 2010). However, it is sometimes infeasible, particularly in 

large-scale CGE models, because it requires a lot of data and efforts to estimate all parameters.  

3.5.3 Variables 

There are two types of variables in CGE models: (a) endogenous and (b) exogenous. 

Endogenous variables have values that are determined as a solution to the equations in the 

model. In comparison, values of exogenous variables are determined outside the model. 

Exogenous variables are fixed during the model solution to ensure that the model has enough 

independent equations to solve for the endogenous variables (Burfisher, 2016). Choices of 

exogenous or endogenous variables are called closure rules. Closure decisions are made based 

on the nature of the problems addressed as well as the characteristics of the economy under 

study. 

3.5.4 Benchmark equilibrium 

Once all behavioral functions are identified and calibrated and model closures are chosen, the 

model must be solved for the benchmark equilibrium. In such a solution, the model reproduces 

an equilibrium state of the observed economy where all demand and supply quantities are 

obtained as a solution of utility and profit maximizations equal to the original data (André et 

al., 2010). Then the model can be used to simulate the effects of policy or other shocks. After 

                                                
28 The structural framework of the SAM has been introduced in Chapter 2.  
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implementing a new policy, the model's new equilibrium is a projection of the changes in prices, 

quantities, government revenues, and income distribution due to the shock. 

3.6 Advantages and disadvantages of CGE models  

3.6.1 Advantages of CGE models 

The use of CGE models to evaluate the impacts of economic policy changes has become 

widespread. A significant reason for this widespread use is that a CGE model is an ideal bridge 

between economic theory and applied policy research (André et al., 2010; Bergman, 2005).  

Moreover, CGE models provide a realistic representation of economies under different sets of 

policy changes. These models identify the losers and the beneficiaries and when the losses or 

benefits might be expected to flow. Consequently, policymakers are informed about the 

weaknesses and strengths of potential impacts of policy changes (Adams and Parmenter, 2013).   

3.6.2 Disadvantages of CGE models 

There are limitations regarding using CGE models because of their methodological basis. 

According to André et al. (2010), these limitations can be classified into four groups, including: 

a) model design, b) data and parameter values, c) model validation, and c) result transmission. 

Each limitation is discussed separately in the following sub-sections.  

3.6.2.1 Model design  

A researcher could face an obstacle in modeling a specific economy. This challenge comes from 

selecting the behavioral functions and parameter specification (e.g., elasticity type, tax 

instrument, etc.) (André et al., 2010).  

Another limitation is a disaggregation of the model and its database, which plays a critical role 

in interpreting simulation results (André et al., 2010). In the case of data shortage, the researcher 

could make some assumptions to solve the problem, e.g., identify the data missing based on 

historical economic data. Nevertheless, these assumptions may have substantial effects on the 

strength and credibility of the simulation results. 
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3.6.2.2 Data and parameter values  

CGE models combine theory and reality. This combination requires an empirical basis for their 

calculations, which must be simple enough (to be manageable) and at the same time reflect 

reality (André et al., 2010). Regarding these calculations, there are two limitations.  

Firstly, the parameter values are usually estimated using the benchmark database. This method 

does not consider fluctuations over time. As a result, it is prone to errors, especially when 

special events in the benchmark year are not explicitly taken into account (Koeslor, 2014).  

Secondly, other parameters, i.e., elasticities, play a critical role in the model calculations. Their 

values are usually obtained either from literature or based on outright guesses, which may be 

associated with uncertainty (Bacchetta et al., 2012; Koeslor, 2014).  

3.6.3 Model validation 

There is a shortage of statistical tests to check the validity of CGE models (André et al., 2010). 

Sensitivity analyses with respect to specific parameters, e.g., elasticities, are usually conducted 

to test model validity. This is because most CGE models are calibrated from a database for a 

specific year. Consequently, econometric procedures cannot be used to test the validation in 

CGE models. 

Dixon and Rimmer (2013) suggested a set of test procedures to validate CGE models. These 

procedures are developed considering four purposes of validation. First procedure proves that 

results have been computed correctly while taking into account the model’s theory and data. 

Second procedure proves that a modeler’s interpretation of results is a legitimate reflection of 

how the model works29. Third procedure proves consistency of the model with history. Forth 

procedure checks the forecasting ability of the model. The authors also confirmed that there is 

not a simple correspondence between purposes and test procedures. This means a purpose can 

be met by more than one test procedure, and a test procedure can serve more than one purpose. 

For instance, a back-of-the-envelope model or a test simulation procedure can be used to 

understand how a model works30. In contrast, the test simulation procedure can be used to reveal 

                                                
29 This procedure considers in an analysis whether the model’s data are accurate and up-to-date and whether the 

model’s mechanisms are an adequate representation of how the economy behaves. 
30 For more information about types of test procedures and how they can implemented, see Dixon and Jorgenson  

(2013). 
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aspects of how a model works or to check computational validity. Therefore, a researcher should 

define the validation purposes to select a proper test procedure.  

3.6.4 Transmission of CGE outputs 

There is a need to make a CGE model as rich as possible to reflect reality. Nevertheless, this 

need contrasts with the simplicity required to explain model results to people unfamiliar with 

the model, e.g., policymakers (André et al., 2010).  

Based on the above limitations, André et al. (2010) conclude that CGE models are discretionary. 

This is because the researcher is responsible for setting the model specifications and solutions 

during the development.  

Despite the limitations mentioned above, CGE models are considered appropriate tools for 

policy analysis whenever the size and complexity of the economy, in terms of the number of 

economic agents or pre-existing taxes and other distortions. They identify the (initially not 

obvious) impacts of changes in exogenous conditions even when critical parameters of the 

model are quite uncertain. Furthermore, CGE models capture in detail the inter-linkages 

between industries, as well as between household expenditures and incomes (Bacchetta et al., 

2012; Bergman, 2005).  

3.7 Modeling education in CGE models 

Education has been frequently included in CGE models as a service consumed by activities 

(intermediate input) and institutions (final demand). Since the 1990s, new approaches have been 

developed and included in CGE models, aiming at depicting the economic impacts of education. 

An extensive literature survey is conducted to identify the critical features of education-focused 

CGE models31. Consequently, fifteen published articles and two working papers were relevant, 

as explained in Table 3-1. 

Compared to other CGE models, additional challenges arise in education-focused CGE models 

(Figure 3-1)32. Each education-focused CGE model uses a function for accumulating human 

                                                
31 The survey was conducted in two steps. Firstly, collection of all available research studies addressing 

educational policies and issues using CGE models. The collection was conducted using the database, e.g., 
Scopus, Web of Science, and Google Scholar. As a consequence, 33 published articles, and 6 working papers 
were identified. Secondly, drop out all studies that used existing methods and had no new approaches. As a 
result, 17 articles were selected, which are explained in Table 3-1. 

32 CGE models adopt the circular flow of the SAM. This has been explained in Chapter 2. 
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capital33. This function depends on a set of inputs. These inputs include: a) the initial level of 

human capital, b) schooling time for individuals, and c) education expenditure. The choice of 

private households for schooling time is usually determined as a result of a trade-off between 

the private education costs (i.e., opportunity costs, tuition fees, uniforms cost, transportation 

cost, etc.) and the benefits (higher expected wages) of an additional year of schooling (Borjas, 

2013).  

Figure 3-1 illustrates the general structure of education-focused CGE models. An increase in 

government expenditure on education rises the time allocated to education by household. This 

increase drives up rates of graduation and enrollment. The supply of educated labor in the labor 

market increases over time, thereby affecting their wage rate and the wage rates of other labor. 

The new wage rates influence the labor demand of various domestic producers and their 

production. Consequently, factor income and domestic consumption are influenced. 

In spite of the basic similarities, there are significant differences among education-focused CGE 

models in the way they capture linkages between the educational system and the rest of the 

economy. This section reviews the existing education-focused CGE models. It discusses their 

experiences regarding model specification, effects of education covered, educational decision 

determinants, and scenario specification. This review is conducted to identify critical issues in 

depicting education in CGE models.  

Table 3-1 distinguishes existing education-focused CGE models based on their model 

specifications. Most of these models are dynamic CGE models (recursive and forward-looking), 

deriving behaviors of economic agents from intra- and intertemporal optimization34. 

Consequently, these models are well-suited to analyzing the economic effects of education 

policies in the short-run and the long-run. This is because these models provide adequate 

information regarding human capital accumulation and the impacts of this process on the 

economy over time, reflecting the magnitude and actual impacts of implemented policy 

measures. 

  

                                                
33 According to Blume and Durlauf  (2008), human capital refers to qualities such as education and health that 

allow a worker to produce more output and which themselves are the result of past investment. 
34 Two of seventeen education-focused CGE models are static models, which are introduced by Savard and 

Adjovi  (1997) and Cloutier et al.  (2008). 
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Figure 3-1: General theoretical framework of education-focused CGE models 

Source: Author's compilation based on Jung and Thorbecke (2003). 
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Table 3-1: Classification of education-focused CGE models according to model specification 

No Author name  Static model Recursive-
dynamic model 

Single-country 
model 

Regional  
model 

Forward-
looking dynamic 

model 

Overlapping-
generation 

1 Savard and Adjovi (1997)       

2 Dabla-Norris and Matovu (2002)      
 

3 Jung and Thorbecke (2003)       

4 Agénor et al. (2003)       

5 Zhai and Hertel (2005)       

6 Žamac (2007)      
 

7 Cloutier et al. (2008)       

8 Agénor et al. (2008)       

9 Annabi (2017)       

10 Marouani and Robalino (2011)       

11 Lofgren et al. (2013)       

12 Odior (2014)       

13 Debowicz and Golan (2014)       

14 Lim et al. (2015)       

15 Schuerenberg-Frosch (2015)  
     

16 Kim et al. (2016)       

17 Marouani and Nilsson (2016)  
     

Source: Author's compilation.  
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Recursive-dynamic models are the dominant type in which economic agent behavior depends 

on the current and past state of the economy (Table 3-1). In contrast, few models are forward-

looking, which allow endogenously economic agents to adjust intertemporal decisions and 

perfect foresight. The latter type of model might be preferable from a theoretical perspective. 

Nevertheless, it comes at a computational cost (Weitzel et al., 2016)35. 

Furthermore, education-focused dynamic CGE models can also be overlapping-generations 

models. In this type of model, each generation has multiple lifetime income groups. However, 

most existing education-focused models include a single representative individual in each 

generation, as shown in Table 3-1. 

In addition, most of education-focused CGE models are developed to analyze the effects of 

education policies at the national level (e.g., Cloutier et al. (2008); Annabi et al. (2011); 

Debowicz and Golan (2014))36. 

Table 3-2 categorizes education-focused CGE models according to disaggregation of the labor 

force and education system in their database. Most of these models aggregate different 

educational levels (primary, secondary, and tertiary) in one cycle. Thus, this aggregation could 

not capture all effects of educational output changes on labor force accumulation37.  

Most of education-focused CGE models that disaggregate the educational system depict only 

AKE and do not incorporate VET in their analysis. Hence, they provide incomplete analysis of 

implications of ET policies and strategies on skill formation. Few existing education-focused 

CGE models include VE at the tertiary education level (see Marouani and Robalino (2011) and 

Marouani and Nilsson (2016)). Tertiary VE is included as an alternative for university for 

secondary graduates. The decision to join VE or not is affected by the wage premium. These 

models highlight the role of VE in an economic context and its impacts on the labor market. 

Nevertheless, it does not include the interactions between secondary education and VE. 

 

                                                
35 See section 3.4 for more information about forward-looking CGE models. 
36Two of seventeen education-focused CGE models are regional CGE models developed by Kim et al.  (2016) 

and Lim et al.  (2015). 
37 Educational outputs refer to graduates (students who finish last grade in the cycle successfully) and dropouts 

(students who quit school at any grade) from the educational system. 
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Table 3-2: Classification of education-focused CGE models according to the database 

No Author name 

The educational system in the database Classification of the labor force in the database 
Consistency 

between labor 
force sets and 
educational 
system sets Aggregated  

education system 

AKE (primary, 
secondary, and 

tertiary) 

AKE and 
VE  

Aggregate 
labor 

Skill and 
educational 
attainment 

level 

Age  Occupation 
level 

1 Savard and Adjovi (1997)       
  

2 Dabla-Norris and Matovu (2002)        
 

3 Jung and Thorbecke (2003)        
 

4 Agénor et al. (2003)        
 

5 Zhai and Hertel (2005)        
 

6 Žamac (2007)    
    

 

7 Cloutier et al. (2008)  
      

 

8 Agénor et al. (2008)        
 

9 Annabi (2017)    
    

 

10 Marouani and Robalino (2011)   
    

  

11 Lofgren et al. (2013)  
      

 

12 Odior (2014)    
    

 

13 Debowicz and Golan (2014)        
 

14 Lim et al. (2015)        
 

15 Schuerenberg-Frosch (2015)        
 

16 Kim et al. (2016)        
 

17 Marouani and Nilsson (2016)   
  

   
 

Source: Author's compilation. 
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Education-focused CGE models capture the effects of education on the labor force in two ways. 

Firstly, education enhances the skills of labor, increasing their average productivity level (see 

Savard and Adjovi (1997) and Zhai and Hertel (2005)). Secondly, the size and skill composition 

of labor stock depends on the evolution of the educational system. This is conducted by 

connecting the educational outputs to the labor force. The majority of the education-focused 

CGE models adopt the latter approach (e.g., Jung and Thorbecke (2003); Jung and Thorbecke 

(2003); Lofgren et al. (2013); Schuerenberg-Frosch (2015)).  

The labor force evolves depending on the growth of educational outputs in education-focused 

CGE models. This connection requires disaggregation of the labor force, which varies across 

models (Table 3-2). Most of education-focused CGE models disaggregate the labor force into 

two or three categories according to the skill and educational attainment levels (e.g., Zhai and 

Hertel (2005); Agénor et al. (2008))38. In contrast, few models disaggregate the labor force 

based on age39.  

Consistency between the breakdown of the labor force and the educational system plays a 

critical role in providing detailed information concerning the changes in the labor force due to 

educational outputs. Nevertheless, existing education-focused CGE models have 

inconsistencies between the labor force disaggregation and adopted educational system sets. As 

a result, this could not provide a complete analysis of economy-wide effects of education 

policies (Table 3-2). 

Education-focused CGE models usually use the Cobb-Douglas utility function for modeling 

household consumption40. They use one nested utility function, allowing education to substitute 

for other commodities and services at the same level. In contrast, Schuerenberg-Frosch (2015) 

models household demand in two nested utility functions. The first function estimates aggregate 

household demand for education services and other products, which is fairly imperfect 

substitutes. The second function determines education demand based on education cost and 

                                                
38 For example, Zhai and Hertel  (2005) disaggregated labor factor into three categories: a) unskilled labor (0 to 6 

years of education); b) semi-skilled labor (7-12 years of education); and c) skilled labor (more than 12 years). 
39 Only one education-focused CGE model, developed by Savard and Adjovi  (1997), considers occupation as a 

standard for labor force classification. Three of these models aggregate labor factor (i.e., Annabi et al. (2011); 
Debowicz and Golan (2014); Žamac (2007)). 

40 According to Markusen  (2002), the Cobb-Douglas utility function can be turn to the linear expenditure system 
of Stone-Geary type under minimum consumption level.  



Theory of Computable General Equilibrium Models 

44 

household income. This specification allows capturing the effects of educational policies on 

schooling time and child labor, which was the primary research objective of this study. 

Education demand by households is usually determined as a consumption motive (e.g., Agénor 

et al. (2008); Dabla-Norris and Matovu (2002); Schuerenberg-Frosch (2015)). In some cases, 

education is introduced as a household investment decision (see Cloutier et al. (2008)). 

However, the latter approach is introduced in a static CGE model; hence, it does not provide 

substantial information regarding the effects of the private education investment decision on the 

accumulation of physical capital stock. 

Existing education-focused CGE models use a set of socio-economic determinants in depicting 

household decisions about education (e.g. to study or not). Those determinants vary across the 

models according to the interest and judgement of the researcher as well as the characteristics 

of the economy under study (Table 3-3). Except for models developed by Marouani and Nilsson 

(2016a) and Lofgren et al. (2013), effects of socio-economic determinants on the educational 

outputs are computed on the basis of initial year conditions. Consequently, the effects of those 

determinants will be similar in current and past years41. However, the assumption that structure 

of the educational output does not change over time does not reflect reality. 

The Maquette for MDG Simulations (MAMS) model was developed at the World Bank to 

analyze policies and strategies to achieve the MDGs by the end of 2015 (Lofgren et al., 2013)42. 

The model usually includes three educational cycles (primary, secondary, and tertiary 

education). With each cycle, the model contains different types of student behavior. Each 

student behavior is determined using a logistic function, which depends on different socio-

economic determinants, including (a) educational quality; (b) wage incentives; (c) the under-5 

mortality rate; (d) the size of the infrastructure capital stock, and (e) household consumption 

per capita43. Including these determinants allows the MAMS model to capture the economic 

effects of MDGs through the labor market. The model does not include the VET system44. 

 

                                                
41 For example, a share of dropouts amounting to 15% of total enrollment in the initial year will be used in 

calculating the dropouts in the subsequent years. 
42 The MAMS model is single-country recursive-dynamic CGE model. For more information, see Lofgren et al. 

(2013).   
43 Marouani and Nilsson (2016) considers only excepted wage rate as a determinant for educational decision, 

which is estimated endogenously. 
44 In MAMS model, VE is included in the secondary level of AKE. 
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Table 3-3: Classification of education-focused CGE models according to the socio-economic determinants 

No Author name 
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1 Savard and Adjovi (1997)               

2 Dabla-Norris and Matovu (2002)         
      

3 Jung and Thorbecke (2003)  
      

       

4 Agénor et al. (2003)         
      

5 Zhai and Hertel (2005)              
 

6 Žamac (2007)               

7 Cloutier et al. (2008)   
            

8 Agénor et al. (2008)               

9 Annabi et al. (2011)        
     

  

10 Marouani and Robalino (2011)              
 

11 Lofgren et al. (2013)    
   

     
   

12 Odior (2014)     
          

13 Debowicz and Golan (2014)         
    

  

14 Lim et al. (2015)              
 

15 Schuerenberg-Frosch (2015)         
      

16 Kim et al. (2016)     
         

 

17 Marouani and Nilsson (2016)              
 

Source: Author's compilation. 
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Table 3-4: Classification of education-focused CGE models according to scenario specification 

No Author name  

Modeling 
impacts of 

government 
expenditure 
on education 

Modeling 
impacts of 
structural 

adjustment 
program 

Modeling 
impacts of 

poverty 
reduction 

and income 
distribution  

Modeling 
impacts of 

multilateral 
trade 

liberalization 

Modeling 
impacts of 
alternative 
designs of 

an 
unfunded 
pension 
system 

Modeling 
impacts of 

conditional cash 
transfer 
program 

Modeling 
impacts of 
achieving 
the MDGs  

Modeling 
impacts of 
population 

ageing  

1 Savard and Adjovi (1997)  
       

2 Dabla-Norris and Matovu (2002)         

3 Jung and Thorbecke (2003)         

4 Agénor et al. (2003)  
       

5 Zhai and Hertel (2005)    
     

6 Žamac (2007)     
    

7 Cloutier et al. (2008)         

8 Agénor et al. (2008)   
      

9 Annabi et al. (2011)         

10 Marouani and Robalino (2011)         

11 Lofgren et al. (2013)       
  

12 Odior (2014)   
      

13 Debowicz and Golan (2014)      
   

14 Lim et al. (2015)         

15 Schuerenberg-Frosch (2015)         

16 Kim et al. (2016)        
 

17 Marouani and Nilsson (2016)         

Source: Author's compilation. 
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Education-focused CGE models are regularly used to analyze the effects of government 

expenditure on education (e.g., Cloutier et al. (2008)), as shown in Table 3-4. Other models are 

used to assess the effects of non-educational policies on human capital accumulation, such as 

poverty reduction and income distribution policies (e.g., Agénor et al. (2008)); multilateral trade 

liberalization policies (e.g., Zhai and Hertel (2005)); and structural adjustment programs(e.g., 

Savard and Adjovi (1997)). 

Drawing on the above information, we can conclude that the existing education-focused CGE 

models depict the role of education in the economy. Nevertheless, these models do not capture 

the VET role in skill formation. Besides, at secondary and tertiary education levels, VE is 

aggregated with non-VE. As a result, ET choices and linkages between AKE and VT are 

excluded from the analysis. Moreover, the inconsistency between the labor force categories and 

the educational levels provides incomplete educational policy analysis.  

The model developed for this dissertation accommodates the ET system, considering the 

limitation of the existing education-focused models. The model captures the linkages between 

the AKE cycles and between AKE and VT. ET decisions and choices are modeled considering 

a set of socio-economic determinants, which can be selected according to the specific case. 

Besides, the model disaggregates the labor force consistent with the ET system structure, 

allowing to link ET outputs to the labor force.  

3.8 Conclusions 

In this chapter, an in-depth review of existing education-focused CGE models is conducted. 

This review identifies different model specifications used for incorporating education in CGE 

models. It also discusses the effects of education covered and the policy questions answered by 

these models. 

Most of education-focused CGE models are recursive-dynamic models used to analyze the 

economic effects of educational policy measures. In these models, private education demand is 

modeled as a consumption motive rather than an investment decision. Students at different 

educational levels can choose between continuing their studies and quitting or selecting a 

specific educational path. Such education decisions and choices are implemented in each model 

based on specific socio-economic determinants. These determinants are chosen based on the 

scope of the analysis and the economy under study. Furthermore, the labor force accumulation 

is connected to the educational system.  
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Existing education-focused CGE models capture the effects of education on the economy. They 

provide an incomplete analysis of educational policies due to three main reasons. First, the VE 

component in the AKE system is considered a choice only for a specific student group, i.e., 

tertiary education. This prevents the interactions between secondary education level and VE. 

Second, VT is not included. This specification excludes VT as an alternative choice of AKE, 

despite its importance in skill formation. Third, the inconsistency between the structure of the 

educational system and the labor force disaggregation. This inconsistency does provide 

incomplete information about the movement of educational outputs across labor categories.  

In this dissertation, a recursive-dynamic single-country CGE model is developed, called 

STAGE-Edu, to analyze different ET policies and strategies. STGAE-Edu adds to the existing 

education-focused CGE models as it incorporates ET with a unique combination of new and 

policy-relevant features. These features include: 1) incorporating VT, 2) disaggregating 

secondary education by type (VE or not), 3) including ET choices at various levels, 4) covering 

the exiting bridges between ET, and 5) linking the ET system to the labor market consistently. 

The theoretical structure of the STAGE-Edu model is introduced in the next chapter. 
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4. STAGE-Edu DCGE Model 

This chapter introduces a quantitative economy-wide simulation model developed for this 

dissertation: STAGE-Edu. STAGE-Edu accommodates VET and can depict the implications of 

various policies targeting AKE and VT components of the ET system. Specifically, it captures 

the medium and long-term effects of ET on human capital accumulation, economic growth, and 

household welfare. 

STAGE-Edu considers different types of student groups at different grade levels and various 

ET cycles. This allows tracking the transition of students within one cycle and across cycles. 

Consequently, the model considers many linkages amongst the AKE cycles, including 

secondary VE, and between AKE and VT. As STAGE-Edu links the ET system and the labor 

force, the labor force size and composition are endogenized. 

The extensions that are made within STAGE-Edu to depict the ET system covered in this 

chapter are: 1) expansion of the nested production structure; 2) expansion of the ET system to 

include VET; 3) behavioral specification of ET decisions at different grade levels and cycles; 

4) behavioral specifications of ET choices for graduates from primary education, dropouts, and 

exiting graduates; and 5) behavioral specifications of labor force accumulation.  

The next section gives an overview of STAGE-Edu. Section 4.2 describes the structure of 

production adopted in the model. A detailed description of the evolution of human capital is 

explained in section 4.3. Section 4.4 presents conclusions. A list of the model sets, variables, 

parameters, and a full description of the model is provided in the Addendum. 

4.1 An overview of STAGE-Edu 

STAGE-Edu is a recursive-dynamic single-country CGE model, coded in GAMS software. It 

is developed based on the STAGE2 model of McDonald and Thierfielder (2015). It also adopts 

dynamic concepts from Thurlow (2004) for updating the physical capital stock. The model 

follows the structure of education in the Maquette for MDG Simulations model (MAMS) of 

Lofgren et al. (2013) to depict the effects of ET on the economy by linking educational cycles 

to the labor market. It also models ET decisions and choices. 

The recursive structure of the model implies that the attitudes of economic actors rely on 

adaptive rather than forward-looking expectations (Thurlow, 2004). Therefore, economic actors 

optimize their behavior and their endowments in each given period. This influences the 
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accumulation of the physical and human capital stock, which is updated between the solution 

periods. By turning-off the human capital accumulation section, STAGE-Edu becomes a 

recursive-dynamic CGE model, which assumes exogenous growth of the labor factor with 

limited data requirements. 

For every period (time period for the recursion), STAGE-Edu gives a comprehensive and 

consistent picture of an operating economy, considering its constraints. In addition, selected 

parameters are updated to reflect demographic and technological changes, relying on past 

endogenous variables and exogenous trends. The evolution of the ET system is considered the 

basis for endogenizing the size and the skill formation of the labor force. This allows connecting 

the ET system and the rest of the economy through the labor market. Annual growth relies on 

the evolution of production factors and the changes in their productivity.  

The growth of the physical capital stock is modeled according to the dynamic conceptual 

framework of Thurlow (2004). The procedures of the accumulation of physical capital are 

endogenously modeled, with the current period investment generating a new capital stock for 

the subsequent period. The final allocation of new capital in the current period depends on the 

capital depreciation rate and the sectoral profit-rate differentials from the previous period.   

Following Lofgren et al. (2013), ET outputs and the labor force are linked in a dynamic 

framework, using logistic functions and constant elasticity functions (CEFs). The choice 

between pursuing further ET or not is also modeled through CEFs.  

The types of ET cycles included in the model should be consistent with the ET structure in the 

country under consideration. Hence, the labor factor is disaggregated into various categories 

corresponding to these cycles, which links the changes in the ET system to the evolution of 

human capital.  

In addition, STAGE-Edu considers a small open economy with exogenous world prices. Within 

its second production nest, it allows production factors to be substituted using a set of nested 

CES functions.  

In this dissertation, STAGE-Edu is calibrated to a 2016 SAM for the Sudan45. The SAM 

contains twelve production sectors, classified into four private sectors (agriculture, industry, 

private services, and transportation services) and three government non-ET sectors (health, 

                                                
45 The construction of the SAM for the Sudan (2016) is discussed in detail in Chapter 5.  
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infrastructure, and other government services), four government AKE sectors (primary, 

secondary non-VE, secondary VE, and tertiary) and one government VT sector.  

Moreover, the SAM contains six labor categories, namely: 1) uneducated and untrained labor, 

2) primary-educated labor, 3) secondary non-vocationally educated labor, 4) secondary 

vocationally educated labor, 5) tertiary-educated labor, and 6) vocationally trained labor. The 

SAM comprises four types of institutions: households, enterprises, government, and the rest of 

the world. It includes income and expenditures for ten representative household groups, 

classified by location (rural and urban) and income quintiles (five quintiles). The government 

account distinguishes between the core and taxation accounts, with the latter containing direct 

and indirect taxes. 

4.2 Production structure 

STAGE-Edu employs six-stage nested production functions at the sectoral level to depict the 

profit maximization process by producers, as shown in Figure 4-1. In any given period, the 

gross output per activity (𝑄𝑋𝑎,𝑡) is determined through a CES production function (Eq 4-1) of 

primary factor inputs (value-added) (𝑄𝑉𝐴𝑎,𝑡) and intermediate inputs (𝑄𝐼𝑁𝑇𝑎,𝑡).  

𝑄𝑋𝑎,𝑡 =  𝐴𝐷𝑎,𝑡 
𝑥 ∙ (𝛽𝑎

𝑥 ∙ 𝑄𝑉𝐴𝑎,𝑡
− 𝜌𝑎

𝑥

+ (1 − 𝛽𝑎
𝑥) ∙ 𝑄𝐼𝑁𝑇𝑎,𝑡

− 𝜌𝑎
𝑥

)
− 

1
𝜌𝑎

𝑥

 (Eq 4-1) 

Where 𝐴𝐷𝑎,𝑡
𝑥  is an efficiency parameter, 𝛽𝑎

𝑥 is a share parameter, and 𝜌𝑎
𝑥 is an elasticity 

parameter. 

The optimal combination of these inputs is defined by the First Order Condition (FOC) (Eq 

4-2), which is determined by the relative prices of aggregate value-added (𝑃𝑉𝐴𝑎,𝑡) and 

aggregate intermediate inputs by activity (𝑃𝐼𝑁𝑇𝑎,𝑡). 

𝑄𝑉𝐴𝑎,𝑡

𝑄𝐼𝑁𝑇𝑎,𝑡
 =  [

𝑃𝐼𝑁𝑇𝑎,𝑡

𝑃𝑉𝐴𝑎,𝑡
 ∙  

𝛽𝑎
𝑥

 (1 − 𝛽𝑎
𝑥)

]

1
(1+𝜌𝑎

𝑥)

 (Eq 4-2) 

At the second level, the aggregate intermediate inputs (𝑄𝐼𝑁𝑇𝑎,𝑡) are combined using Leontief 

technology (Eq 4-3), indicating that intermediate inputs demand per activity are used in fixed 

proportions (𝑖𝑜𝑞𝑖𝑛𝑡𝑞𝑥𝑎,𝑡).  
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𝑄𝐼𝑁𝑇𝑎,𝑡 =  𝑖𝑜𝑞𝑖𝑛𝑡𝑞𝑥𝑎,𝑡  ∙  𝑄𝑋𝑎,𝑡   (Eq 4-3) 

Capital, land, and composite labor are combined to constitute the aggregate value-added 

(𝑄𝑉𝐴𝑎,𝑡) using CES technology (Eq 4-4). The optimal ratio of factors (Capital, land, and 

composite labor) is determined by their relative aggregate prices (Eq 4-5). 

Where 𝐴𝐷𝑎,𝑡
𝑣𝑎 is an efficiency parameter, 𝛽𝑓,𝑎

𝑣𝑎  is a share parameter, 𝜌𝑎
𝑣𝑎 s an elasticity parameter, 

and 𝑇𝐹𝑓,𝑎,𝑡 is a factor use tax rate. 

𝑄𝑉𝐴𝑎,𝑡 =  𝐴𝐷𝑎,𝑡
𝑣𝑎  ∙ [ ∑ 𝛽𝑓,𝑎

𝑣𝑎 ∙  𝐹𝐷𝑓,𝑎,𝑡
− 𝜌𝑎

𝑣𝑎

𝑓∈ 𝛽𝑓2,𝑎
𝑣𝑎  

]

− 1
𝜌𝑎

𝑣𝑎⁄

   ∀ 𝜌𝑎
𝑣𝑎 (Eq 4-4) 

𝑊𝐹𝑓,𝑡 ∙ (1 + 𝑇𝐹𝑓,𝑎,𝑡) ∙  𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡  =  

         𝑃𝑉𝐴𝑎,𝑡  . 𝑄𝑉𝐴𝑎,𝑡  . 𝐴𝐷𝑎,𝑡
𝑣𝑎  . [ ∑ 𝛽𝑓,𝑎

𝑣𝑎  . 𝐹𝐷𝑓,𝑎,𝑡
− 𝜌𝑎

𝑣𝑎

𝑓∈ 𝛽𝑓,𝑎
𝑣𝑎  

]

− 1

.  (𝛽𝑓,𝑎
𝑣𝑎  . 𝐹𝐷𝑓,𝑎,𝑡

(− 𝜌𝑎
𝑣𝑎−1)

) 
(Eq 4-5) 

 

The various labor types are combined in four steps in order to aggregate the labor demand 

(FDfag,a.t), reflecting different levels of substitutability (Eq 4-6) and (Eq 4-7). 

At the third level, composite labor is obtained by combining tertiary educated labor with non-

tertiary educated labor. The non-tertiary educated cohort is combined by aggregating non-

secondary educated labor with secondary educated and vocationally trained labor at the fourth 

level. At the fifth level, an aggregate of non-secondary educated labor combines with aggregate 

primary educated labor and uneducated and untrained labor. The aggregate of secondary 

educated and vocationally trained labor is obtained by combining an aggregate of vocationally 

educated and trained labor and secondary non-vocationally educated labor. The aggregate of 

vocationally educated and trained labor comprises secondary vocationally educated labor and 

vocationally trained labor at the last level. 

𝐹𝐷𝑓𝑎𝑔,𝑎.𝑡 =  𝐴𝐷𝑓𝑎𝑔,𝑎,𝑡
𝑓𝑑  . [ ∑ 𝛽𝑓𝑎𝑔,𝑓,𝑎

𝑓𝑑 .
 

𝑓∈ 𝛽
𝑓𝑎𝑔,𝑓,𝑎
𝑓𝑑

 

𝑎𝑑𝑓,𝑎,𝑡
𝑓𝑑  . 𝐹𝐷

𝑓,𝑎,𝑡

− 𝜌𝑓𝑎𝑔,𝑎
𝑓𝑑

] 
−1

𝜌
𝑓𝑎𝑔,𝑎
𝑓𝑑⁄

 (Eq 4-6) 
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𝑊𝐹𝑓,𝑡  .𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡  . (1 +  𝑇𝐹𝑓,𝑎,𝑡) = 𝑊𝐹𝑓𝑎𝑔,𝑡  .𝑊𝐹𝐷𝐼𝑆𝑇𝑓𝑎𝑔,𝑎,𝑡   .   (Eq 4-7) 

 (1 + 𝑇𝐹𝑓𝑎𝑔,𝑎,𝑡) . 𝐹𝐷𝑓𝑎𝑔,𝑎,𝑡  ∙  

 

[ ∑ 𝛽𝑓𝑎𝑔,𝑓,𝑎
𝑓𝑑

 . 𝑎𝑑𝑓,𝑎,𝑡
𝑓𝑑

 .  𝐹𝐷
𝑓,𝑎,𝑡

− 𝜌𝑓𝑎𝑔,𝑎
𝐹𝐷

𝑓∈ 𝛽
𝑓𝑎𝑔,𝑓,𝑎
𝑓𝑑

 

]

− 1

.  

 

[ ∑ 𝛽𝑓𝑎𝑔,𝑓,𝑎
𝑓𝑑  . 𝑎𝑑𝑓,𝑎,𝑡

𝑓𝑑  .  𝐹𝐷
𝑓,𝑎,𝑡

− 𝜌𝑓𝑎𝑔,𝑎
𝑓𝑑

𝑓∈ 𝛽
𝑓𝑎𝑔,𝑓,𝑎
𝑓𝑑

 

]

− 1

.  

 
(𝛽𝑓𝑎𝑔,𝑓,𝑎

𝑓𝑑  . 𝑎𝑑𝑓,𝑎,𝑡
𝑓𝑑  . 𝐹𝐷

𝑓,𝑎,𝑡

(− 𝜌𝑓𝑎𝑔,𝑎
𝑓𝑑

−1)
)  

The nesting structure design allows activities to substitute between labor categories according 

to realistic substitution elasticities at the respective levels, considering their ET and skill levels. 

4.3 Evolution of the human capital stock 

The accumulation of human capital stock is modeled following the approach developed by 

Lofgren et al. (2013) in linking the outputs of ET (dropouts and graduates) and the labor market. 

This section illustrates the human capital stock evolution mechanism adopted in STAGE-Edu, 

which is depicted in Figure 4-2. The following sub-section provides a detailed description of 

the structure of ET system, including various cycles, types of students, and the interaction 

between those cycles and students. Sub-section 4.3.2  illustrates the determinants of ET 

decisions and choices, and presents the methods and behavioral functions that are used to 

determine the outputs of the ET by cycle and grade, and the mechanism of choosing between 

VT, NEET, and joining the labor force. The mechanism of accumulating labor force evolution 

is presented in sub-section 4.3.346. 

                                                
46 NEET is an acronym for Not in Education, Employment, or Training. It refers to an individual at any age who 

is unemployed and not receiving education or vocational training. 
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Figure 4-1: Nested Production Function in STAGE-Edu  

Source: Author's compilation. 

4.3.1 Education and training system and student groups 

In STAGE-Edu, ET are split into AKE and VT, as illustrated in Figure 4-2. AKE consists of 

three cycles, namely: primary, secondary, and tertiary education. Secondary education is 

disaggregated based on the practical components into two cycles, namely; secondary non-VE 

and secondary VE47. VT is a non-AKE cycle (i.e., the completion of VT is not accounted for in 

                                                
47 According to UNESCO  (2012a), VE is education programors that are designed to acquire the knowledge, 

skills and competencies specific to a particular occupation, trade, or class of occupations or trades. The 
students in VE have an opportunity to practice what they learned and build their experiences, while students 
in the non-VE cycle are more focusing on the scientific aspects. 
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AKE advancement), which can be modeled either as an aggregate sector or as a detailed sector 

(comprising several sub-sectors), depending on the research question under consideration. 

In STAGE-Edu, there are seven types of student behaviors or groups (ET outputs), which 

includes the following48: 

1) New entrant: a student who enters ET for the first time; 

2) Promoted student: a student who successfully finishes non-final grades (not 

necessarily the cycle); 

3) Repeater: a student who repeats the current grade; 

4) Dropout: a student who leaves the school (at any grade level, even the last grade) 

without getting the certificate of completion of the current cycle; 

5) Continuing graduate: promoted students from the last grade in the below tertiary 

cycles in AKE who decide to continue to the next cycle;  

6) Exiting graduate: a graduate who finishes the last grade successfully in the below 

tertiary cycles in AKE and exits AKE. 

7) Finishing graduate: a graduate who finishes the last grade successfully (in the tertiary 

cycle and VT); 

Per the schooling year, total enrollment per grade, cycle, and household can be split into three 

sub-groups: promoted students, dropouts, and repeaters. Hence, the summation of the shares of 

these three sub-groups of students must equal one. In contrast, the total number of graduates 

from each cycle is the summation of the exiting graduates and the continuing graduates. Hence, 

the summation of their shares must be one, too. 

 

                                                
48 The term “student behaviour” is introduced in the MAMS model to express different types of student groups, 

e.g., dropouts.  
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Figure 4-2: Evolution of the labor force in STAGE-Edu

Source: Author's compilation.
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At any time, children arriving at school-age are new entrants to the primary cycle (from NEET), 

as shown in Figure 4-2. Enrolled students have two options within each cycle: to continue their 

study within the cycle (promoted students and repeaters) or to quit (dropouts).  At the end of 

the schooling year, graduates can choose to continue to the next cycle (continuing graduate) or 

to quit AKE (exiting graduate). 

Primary school graduates who decide to continue to secondary education have two options: to 

enter secondary non-VE or secondary VE. Students who choose to quit school and leave AKE 

(dropouts and exiting graduates) have three choices: seeking a job (joining the labor force), 

entering VT, or being idle (joining the NEET category). 

For VT, the newly enrolled group refers to people who are willing to improve their skill level 

by taking VT courses. This cohort includes the following two types: people from the NEET 

category at working age (15-65) and leavers from AKE (dropouts and exiting graduates). The 

dropouts and graduates from VT should choose between entering the job market or joining the 

NEET category. 

The movements of students between the grade levels in one cycle and between various cycles 

are assumed to depend on a set of socio-economic determinants49. These determinants include: 

a) the quality of ET, b) direct costs of ET, c) health status, d) access to ET services, e) household 

income per capita, f) minimum grade levels required to enter the next AKE level, and g) the 

willingness to join the labor market at the end of each grade or cycle.  

4.3.2 Education and training outputs 

STAGE-Edu defines shares of the different student behaviors by cycle and household 

endogenously at each given year. These shares are calculated using the logistic function 

suggested by Lofgren et al. (2013). Using this formation permits incorporating exogenous 

information about elasticities that govern responses of ET outputs resulting from changes in 

socio-economic determinants. It also permits segments of decreasing and increasing marginal 

returns of socio-economic determinants and translates these returns into improvements in ET 

outputs. Moreover, the inclusion of the household dimension permits capturing the changes in 

ET outputs per household based on its specific preferences and characteristics. 

                                                
49 In this dissertation, socio-economic determinants are also called variables or standards. 
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In every period, the ratio of new entrants, promoted students, continuing graduates, and 

finishing graduates (𝑏𝑙𝑜𝑔) per ET cycle and household (𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡) is determined 

endogenously employing the logistic function (Eq 4-8). 

𝑆𝐻𝑅_𝐸𝐷𝑈𝑏𝑙𝑜𝑔,𝑐,ℎ,𝑡  =  𝑒𝑥𝑡𝑏𝑙𝑜𝑔,𝑐,ℎ
𝑒 +

𝛼𝑏𝑙𝑜𝑔,𝑐,ℎ,𝑡
𝑒

1 + 𝐸𝑋𝑃(𝛾𝑏𝑙𝑜𝑔,𝑐,ℎ,𝑡
𝑒 + 𝛽𝑏𝑙𝑜𝑔,𝑐,ℎ,𝑡

𝑒 ∙ 𝑍_𝐸𝐷𝑈𝑏𝑙𝑜𝑔,𝑐,ℎ,𝑡)
 (Eq 4-8) 

The maximum value of the function is denoted by 𝑒𝑥𝑡𝑏,𝑐,ℎ
𝑒  and is defined to be equal to one. 

The value of 𝛼𝑏,𝑐,ℎ,𝑡
𝑒  is estimated relative to the base-year value of 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡. The 

parameter 𝛾𝑏,𝑐,ℎ,𝑡
𝑒  is responsible for shifting the function left or right. 𝛽𝑏,𝑐,ℎ,𝑡

𝑒  controls the 

steepness of the function50.  

In contrast, the proportion of dropouts and exiting graduates (𝑏𝑟𝑒𝑠) per cycle and household is 

calculated as a residual (Eq 4-9).  

𝑆𝐻𝑅_𝐸𝐷𝑈𝑏𝑟𝑒𝑠,𝑐,ℎ,𝑡 = (1 − ∑ 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡

𝑏∈𝑏𝑙𝑜𝑔

) ∙
𝑆𝐻𝑅_𝐸𝐷𝑈𝑏𝑟𝑒𝑠,𝑐,ℎ

0

∑ 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏𝑟𝑒𝑠𝑝,𝑐,ℎ
0

𝑏𝑟𝑒𝑠𝑝

        (Eq 4-9) 

The logistic function has only one endogenous variable, called the intermediate variable 

(𝑍_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡). The value of this variable is determined in a CEF (Eq 4-10), relying on relative 

changes of various ET determinants.  

                                                
50 Following Lofgren et al. (2013), the base-year values of 𝛾𝑏,𝑐,ℎ,𝑡

𝑒  and 𝛽𝑏,𝑐,ℎ,𝑡
𝑒  parameters are estimated by using 

two functions. The first function replicates the base-year elasticities of student grup share (𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡) 
with respect to the arguments of the constant-elasticity function. The second function is used to achieve a 
target of student behaviour (e.g. a share very close to one for new entrants to primary education) under a set 
of values for the arguments of the constant-elasticity function that have been identified by other studies. 
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𝑍_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡 = 𝛼𝑏,𝑐,ℎ
𝑒0 ∙  (𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡)

𝜌𝑏,𝑐,ℎ,"𝑒𝑑𝑢𝑞𝑎𝑙",𝑡
𝑧

 ∙  (
𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐,𝑡−1

)

−𝜌𝑏,𝑐,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑧

       (Eq 4-10) 

 

 ∙   (
𝑌𝐻𝑃𝐶𝑡

𝑌𝐻𝑃𝐶𝑡−1
)

𝜌𝑏,𝑐,ℎ,"𝑦ℎ𝑝𝑐",𝑡
𝑧

∙  ∏(
𝑄𝑄

𝑐ℎ𝑙𝑡,𝑡
∙ 𝑃𝑄𝐷

𝑐ℎ𝑙𝑡
0

𝑄𝑄
𝑐ℎ𝑙𝑡,𝑡−1

∙ 𝑃𝑄𝐷
𝑐ℎ𝑙𝑡
0 )

𝜌𝑏,𝑐ℎ,"𝑐ℎ𝑡𝑙",𝑡 
𝑧

𝑐ℎ𝑙𝑡

  

 
  ∙ ∏ (

𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡 ∙ 𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎
0

𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡−1 ∙ 𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎
0 )

𝜌𝑏,𝑐ℎ,"𝑖𝑛𝑓𝑟𝑎",𝑡 
𝑧

𝑐𝑖𝑛𝑓𝑟𝑎

                    

 
   ∙  ∏ (

𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡

𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡−1
)

𝜌𝑏,ℎ,𝑐,"𝑒𝑑𝑢𝑝𝑙𝑜",𝑡 
𝑧

𝑐𝑒𝑑𝑢𝑛𝑝∈𝑒𝑑𝑢𝑛𝑝

  

 

  ∙ ∏ (

𝑊𝐹𝑓,𝑡
𝑊𝐹𝑓𝑝,𝑡

⁄

𝑊𝐹𝑓,𝑡−1
𝑊𝐹𝑓𝑝,𝑡−1

⁄
)

𝜌𝑏,𝑐,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑧

𝑓,𝑓𝑝,𝑐∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏

  

 

Overall, the socio-economic determinants of ET output are defined as follows:  

1) ET quality (𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡): real ET services per student, which are measured by 

government and household expenditure on ET51;  

2) Wage incentives or premium (∏ (

𝑊𝐹𝑓,𝑡
𝑊𝐹𝑓𝑝,𝑡

⁄

𝑊𝐹𝑓,𝑡−1
𝑊𝐹𝑓𝑝,𝑡−1

⁄
)

𝜌𝑏,𝑐,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑧

𝑓,𝑓𝑝,𝑐∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏 ): measured 

as the relative gains that can be achieved from continuing education. For instance, 

primary graduates compare the wage rate of secondary graduates (𝑊𝐹𝑓,𝑡) to their 

current wage rate (𝑊𝐹𝑓𝑝,𝑡); 

3) Health status (∏ (
𝑄𝑄𝑐ℎ𝑙𝑡,𝑡∙𝑃𝑄𝐷𝑐ℎ𝑙𝑡

0

𝑄𝑄𝑐ℎ𝑙𝑡,𝑡−1∙𝑃𝑄𝐷𝑐ℎ𝑙𝑡
0 )

𝜌𝑏,𝑐ℎ,"𝑐ℎ𝑡𝑙",𝑡 
𝑧

𝑐ℎ𝑙𝑡 ) : aggregate health services 

available in the economy; 

                                                
51 According to Slade (2017) and UNESCO (2015), the quality of ET services is measured based on the 

following three key components; (a) quality of teachers; (b) quality of learning tools and curriculum; and (c) 
quality of learning environments and infrastructure, including facilities. The changes of these components are 
affected by both household and government expenditure on ET. Government expenditure is used for 
providing education services for households (building schools, hiring teachers, training for teachers, etc.). In 
contrast, household expenditure on education is used for filling the gap in government expenditure, for 
instance, hiring supplementary teachers. 
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4) Household income per capita ((
𝑌𝐻𝑃𝐶𝑡

𝑌𝐻𝑃𝐶𝑡−1
)

𝜌𝑏,𝑐,ℎ,"𝑞𝑐𝑑𝑝𝑐",𝑡
𝑧

): income earned by each 

household.  

5) Direct cost of ET ((
𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐,𝑡−1
)

−𝜌𝑏,𝑐,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑧

): the ratio between the current price (𝑃𝑄𝐷𝑐,𝑡) 

and previous-year price (𝑃𝑄𝐷𝑐,𝑡−1) of ET services52; 

6) Access to education services (∏ (
𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡∙𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎

0

𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡−1∙𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎
0 )

𝜌𝑏,𝑐ℎ,"𝑖𝑛𝑓𝑟𝑎",𝑡 
𝑧

𝑐𝑖𝑛𝑓𝑟𝑎 ): aggregate 

infrastructure services available in the economy53; 

7) Minimum grades (∏ (
𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡

𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡−1
)

𝜌𝑏,ℎ,𝑐,"𝑒𝑑𝑢𝑝𝑙𝑜",𝑡 
𝑧

𝑐𝑒𝑑𝑢𝑛𝑝∈𝑒𝑑𝑢𝑠𝑛𝑝 ) of national 

examination as entry pre-requisites to the secondary and tertiary cycles of education, 

which are determined politically. 

Educational quality, wage incentives, and health status are considered in STAGE-Edu following 

Lofgren et al. (2013). The direct cost of education and access to schools are introduced in 

STAGE-Edu, following the theoretical framework of Ehrenberg and Smith (2012) and 

conclusions of UNESCO's empirical studies. The latter sources emphasize the influence of 

these two determinants on ET decisions made by students and their parents, especially in 

developing countries.  

Based on the above information, the total number of enrolled students (𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,ℎ,𝑡) is 

defined per cycle, household, and year (Eq 4-11). It is equal to the summation of total enrolled 

students in AKE (𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) and total enrolled students in VT (𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡). 

𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,ℎ,𝑡 = ∑ (𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 + 𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡)

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑔𝑟𝑑

  (Eq 4-11) 

Total enrollment in AKE by cycle, grade, household, and year (𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) is equal to 

the summation of the following groups (Figure 4-2; Eq. 4-12): 

                                                
52 Direct cost of ET is household expenditure on ET to fill the shortage in government expenditure on ET, for 

instance, costs for school maintenance or providing water and electricity. 
53 Economic infrastructure refers to the basic facilities, which are directly benefit the production process and 

distribution in an economy, e.g., roads, railways, and airway etc.  
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i. New entrants ("𝑛𝑒𝑡𝑖𝑛𝑔1") arriving at school age (6 years) for the primary cycle 

(𝑐𝑒𝑑𝑢𝑝); 

ii. Promoted students ("𝑝𝑟𝑜𝑚") from the previous year;  

iii. Repeaters ("𝑟𝑒𝑝") from the previous year;  

iv. Continuing graduates (′𝑔𝑟𝑑𝑐𝑜𝑛𝑡′) of secondary education (𝑐𝑒𝑑𝑠𝑐) who choose to 

enter the tertiary cycle (𝑐𝑒𝑑𝑡𝑐);  

v. Primary graduates ( 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) who choose to enter secondary education (VE 

or not); 

vi. Students from the NEET category (𝑒𝑛𝑟𝑜𝑙𝑛𝑒𝑤𝑜𝑡ℎ 𝑐,𝑔𝑟𝑑,ℎ,𝑡) who left the system before 

(dropouts and exiting graduates) and decided to return to their study in the current 

year. 

Where 𝑝𝑜𝑝𝑎𝑔𝑒6,ℎ,𝑡 refers to the population at the age of entering primary education from 

household groups at a current year. 

The total enrollment at VT by grade, cycle, household, and year (𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) is 

calculated as the summation of the following categories (Figure 4-2; Eq. 4-13)54: 

i. New enrolled students ("𝑛𝑒𝑡𝑖𝑛𝑔1") from the NEET category at an age between 15-65 

years (𝑝𝑜𝑝𝑎𝑔𝑒𝑙𝑎𝑏,ℎ,𝑡)55; 

ii. Promoted students ("𝑝𝑟𝑜𝑚") from the previous year, who decide to take further 

training;  

iii. Repeaters ("𝑟𝑒𝑝") from the previous year;  

iv. Dropouts (𝐷𝑅𝑂𝐷𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡) and exiting graduates (𝐸𝑋𝑇𝐺𝑅𝐷𝑉𝑇𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡) from 

AKE who choose to enter VT (𝑐𝑣𝑡); 

v. Dropouts and exiting graduates from the NEET category (𝑒𝑛𝑟𝑜𝑙𝑛𝑒𝑤𝑜𝑡ℎ 𝑐,𝑔𝑟𝑑,ℎ,𝑡), who 

left the system before and decide to return to get the VT certificate in the current year. 

 

                                                
54 VT has one grade level of one year.  
55 𝑝𝑜𝑝𝑎𝑔𝑒𝑙𝑎𝑏,ℎ,𝑡  refers to the population in the age group [15 -65[ years from the househiold group h at time t who 

are willing to improve their skill levels by entering VT component. 
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𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 = 
(𝑆𝐻𝑅_𝐸𝐷𝑈"𝑛𝑒𝑡𝑖𝑛𝑔1",𝑐,ℎ,𝑡 ∙ ∑ 𝑝𝑜𝑝𝑝𝑜𝑝,ℎ,𝑡

𝑝𝑜𝑝∈𝑎𝑔𝑒6

) ∀ 𝑐𝑒𝑑𝑢𝑝 𝐴𝑁𝐷 𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑖𝑛 
(Eq 4-12) 

  

( ∑

𝑆𝐻𝑅_𝐸𝐷𝑈"𝑔𝑟𝑑𝑐𝑜𝑛𝑡",𝑐𝑝,ℎ,𝑡−1 ∙

∙ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐𝑝,ℎ,𝑡−1 ∙ ∑ 𝐸𝑁𝑅𝑂𝐿𝑐𝑝,𝑔𝑟𝑑𝑝,ℎ,𝑡

𝑐𝑝,𝑔𝑟𝑑𝑝∈𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑎𝑥𝑐𝑝∈𝑐𝑒𝑑𝑢𝑠

)∀ 𝑐𝑒𝑑𝑢𝑡 

 

 + (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1) + ( 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) ∀ 𝑐𝑒𝑑𝑢𝑠  

 + (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑟𝑒𝑝",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1)    + ( 𝑒𝑛𝑟𝑜𝑙𝑛𝑒𝑤𝑜𝑡ℎ 𝑐,𝑔𝑟𝑑,ℎ,𝑡)   

 

𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 = (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑛𝑒𝑡𝑖𝑛𝑔1",𝑐,ℎ,𝑡 ∙ ∑ 𝑝𝑜𝑝𝑝𝑜𝑝,ℎ,𝑡

𝑝𝑜𝑝∈𝑎𝑔𝑒𝑙𝑎𝑏𝑒𝑛𝑡

)∀ 𝑐𝑣𝑡 (Eq 4-13) 

 + (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1)             + ( ∑ 𝐷𝑅𝑂𝑃𝑉𝑇𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡

𝑠𝑎𝑐∈𝑣𝑡𝑡

)  

 + (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑟𝑒𝑝",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1)  

 + ( ∑ ∑ 𝐸𝑋𝑇𝐺𝑅𝐷𝑆𝑉𝑇𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡

𝑐𝑛𝑒𝑑𝑢𝑡∈𝑚𝑐𝑒𝑑𝑢𝑔𝑟𝑑𝑚𝑎𝑥𝑠𝑎𝑐∈𝑣𝑡𝑡

)  
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For every cycle, the ET quality (𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡) is annually calculated as the ratio of aggregate 

services and total enrollment in the current year relative to the base year (Eq 4-14). 

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡 = (
𝑄𝑄𝑐,𝑡

∑ 𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡ℎ,𝑔
) (

𝑄𝑄𝑐
0

∑ 𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ
0

𝑔,ℎ

)⁄          ∀ 𝑐𝑒𝑑𝑢 (Eq 4-14) 

The next sub-sections clarify the mechanism of modeling the remaining ET decisions. Those 

include decisions of primary graduates to continue their secondary education (VE or not), 

decisions of leavers of AKE to either join the labor force, enter VT, or become idle (the NEET 

group) and decisions of leavers of VT to either join the labor force or become idle (Figure 4-2). 

The choices are depicted on the base of three determinants; namely, ET direct cost, ET quality, 

and wage premiums. CEFs are used to model such choices accordingly. 

4.3.2.1 Continuing graduates from primary education 

This group chooses between secondary non-VE and secondary VE. The number of entrants to 

the first grade of secondary education per household (𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) is determined as a 

share parameter (𝑠ℎ𝑟𝑝𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡), multiplied by total primary graduates who choose to enter 

the secondary cycle in the current year by household in the current year (𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡), 

multiplied by the relative change in the educational quality per cycle, the wage incentive, the 

minimum grade of entering the secondary cycle policy, and the cost of each cycle (Eq 4-15)56.  

The influence of each determinant on educational outputs depends on the elasticities (𝜌𝑏,𝑐,𝑠𝑎𝑐
𝑒𝑑𝑐ℎ ), 

which are imposed in the model as parameters. For example, the elasticity of the direct cost 

standard can be set to zero to the model, indicating that the effect is negligible (zero), or the 

government fully covers the education cost. 

Where the total number of primary graduates per household (𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡) in the current 

year is calculated as a product of share of continuing graduates in the previous year multiplied 

by the total graduates from the primary cycle in the previous year (Eq 4-16)57. 

                                                
56 𝑠ℎ𝑟𝑝𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡  is a share of primary graduates who choose to enter secondary non-VE in total continuing 

graduates from the primary cycle. The initial value is determined based on the base-year values. The time 
dimension in this parameter enables the model to capture changes that may happen over time. 

57 Total number of graduates per cycle and household is calculated as a product of the share of promoted students 
from the previous grade (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡) multiplied by the total enrollment in that grade 
(𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1) in the previous period. 
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𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡   = 𝑠ℎ𝑟𝑝𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡       (Eq 4-15) 

 ∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡−1

⁄ )

𝜌𝑏,𝑐ℎ,"𝑒𝑑𝑢𝑞𝑎𝑙",𝑡
𝑒𝑑𝑐ℎ

𝑐𝑝∈𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑠

  

 ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑏,𝑐,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑒𝑑𝑐ℎ

 

𝑓,𝑓𝑝,𝑐∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

  

 ∙ ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡
𝑃𝑄𝐷𝑐,𝑡−1

𝑃𝑄𝐷𝑐𝑝,𝑡−1

⁄ )

−𝜌𝑐,𝑔,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑒𝑑𝑐ℎ

 

𝑐𝑝∈𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑠

    

𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡 = ( ∑

𝑆𝐻𝑅_𝐸𝐷𝑈"𝑔𝑟𝑑𝑐𝑜𝑛𝑡",𝑐,ℎ,𝑡−1

∑ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑎𝑥

∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1
𝑐∈𝑐𝑒𝑑𝑢𝑝

)  (Eq 4-16) 
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4.3.2.2 Leavers from the education and training system 

This section covers the mechanism of modelling ET choices for leavers of both AKE and VT. 

The dropouts and exiting graduates from the AKE cycles decide between joining the labor force, 

entering VT, or becoming idle (the NEET group). In contrast, the leavers from VT have only 

two choices: joining the labor force or becoming idle (the NEET group). Although the latter 

restriction of VT leavers to not enter AKE (is not a realistic assumption), it is implemented to 

reduce the complexity in the model. 

The model distinguishes between dropouts and exiting graduates in ET when it comes to the 

status in the labor force. Those who quit the school before getting a certificate of the current ET 

level will be counted as holders of a certificate of the lower level of ET in the labor force. For 

instance, dropouts from the primary cycle join the labor force as uneducated and untrained labor 

because they have no completion certificate of primary education. 

Total dropouts per cycle, grade, and household (𝑇𝑂𝑇𝐷𝑅𝑂𝑃𝑐,𝑔𝑟𝑑,h,𝑡) are calculated as products 

of the share of dropouts from the previous year multiplied by total enrolled students 

(𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) from the previous year (Eq 4-17): 

𝑇𝑂𝑇𝐷𝑅𝑂𝑃𝑐,𝑔𝑟𝑑,ℎ,𝑡 =  𝑆𝐻𝑅_𝐸𝐷𝑈"𝑑𝑟𝑜𝑝",𝑐,ℎ,𝑡−1  ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1 (Eq 4-17) 

The number of dropouts who choose to enter the labor force per cycle, grade, and household 

(𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡) are calculated as products of a share parameter of dropouts who enter the 

labor force (𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ"𝑙𝑎𝑏_𝑚𝑎𝑟𝑘",𝑐,𝑔𝑟𝑑,ℎ,𝑡) multiplied by the total number of dropouts taking into 

account the relative changes in the wage premium of the corresponding labor groups (Eq 

4-18)58. 

𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 =  𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ"𝑙𝑎𝑏𝑚𝑎𝑟𝑘𝑒𝑡",𝑔𝑟𝑑,ℎ,𝑡 ∙  𝑇𝑂𝑇𝐷𝑅𝑂𝑃𝑐,𝑔𝑟𝑑,ℎ,𝑡 

∙  ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑑𝑟𝑝

𝑓,𝑓𝑝,𝑐∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

 

(Eq 4-18) 

                                                
58 In the case of using 𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡  of form the base year, the dropouts will be distributed based 

according to the relative change in the ET determinants. If there are no changes in ET determinants, dropouts 
will allocate across different choices as in the base year. 
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The number of dropouts who decide not to join the labor force (𝐷𝑅𝑂𝑃𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡) is 

calculated as a residual by subtracting the number of dropouts who join the labor force from 

the total number of dropouts (Eq 4-19). 

𝐷𝑅𝑂𝑃𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  =  𝑇𝑂𝑇𝐷𝑅𝑂𝑃𝑐,𝑔𝑟𝑑,ℎ,𝑡  −  𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 (Eq 4-19) 

Hence, the number of dropouts who join VT in order to improve their skill level before entering 

the labor force (𝐷𝑅𝑂𝑃𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡) is the product of a share parameter of dropouts who enter VT 

(𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ"𝑣𝑡",𝑐,𝑔𝑟𝑑,ℎ,𝑡) multiplied by the total number of dropouts who choose not to search for 

a job and the relative changes in the direct cost of education, and the relative VT quality changes 

(Eq 4-20).  

𝐷𝑅𝑂𝑃𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  =   𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ"𝑣𝑡",𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙  𝐷𝑅𝑂𝑃𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  (Eq 4-20) 

 
∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡−1
)

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑞𝑢𝑙",𝑡
𝑑𝑟𝑝

𝑐𝑝∈𝑐𝑣𝑡

 

 

 
∙  ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡−1
)

−𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑑𝑟𝑝

𝑐𝑝∈𝑐𝑣𝑡

 

 

Finally, the number of dropouts who choose to be idle (NEET) per cycle, grade, and household 

(𝐷𝑅𝑂𝑃𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡) is calculated as residual (Eq 4-21). 

𝐷𝑅𝑂𝑃𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  =  𝐷𝑅𝑂𝑃𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  − 𝐷𝑅𝑂𝑃𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡   (Eq 4-21) 

Similar to dropouts, the number of exiting graduates per cycle, grade, and household is split 

over the three above-mentioned choices59. Again, the sub-groups are determined using CEFs, 

considering the relative changes in the quality of VT, the direct cost of VT, and the wage 

incentive (Eq 4-22 – 4-26). 

 

                                                
59 Exiting graduate refers to graduates from below tertiary education who choose to quit AKE, 
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𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡 = 

(

 
 

𝑆𝐻𝑅_𝐸𝐷𝑈"𝑔𝑟𝑑𝑒𝑥𝑖𝑡",𝑐,ℎ,𝑡−1 ∙

( ∑ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1  ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑎𝑥

)

)

 
 

 

 (Eq 4-22) 

𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 

= 𝑠ℎ𝑟𝑔𝑟𝑑𝑠𝑐ℎ"𝑙𝑎𝑏𝑚𝑎𝑟𝑘𝑡"𝑐,𝑔,ℎ,𝑡 ∙  𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡  ∙  ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑔𝑟𝑑𝑠

𝑓,𝑓𝑝,𝑐∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏

 

(Eq 4-23) 

𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  = 𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡  −  𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 (Eq 4-24) 

𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 = 

= 𝑠ℎ𝑟𝑔𝑟𝑑𝑠𝑐ℎ"𝑣𝑡𝑡"𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙  𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙  ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,eduqal,𝑡
𝑔𝑟𝑑𝑠

𝑐∈𝑐𝑣𝑡

 

     ∙  ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡
𝑃𝑄𝐷𝑐,𝑡−1

𝑃𝑄𝐷𝑐𝑝,𝑡−1

⁄ )

−𝜌𝑐,𝑔𝑟𝑑,ℎ,cost,𝑡
𝑔𝑟𝑑𝑠

𝑐∈𝑐𝑣𝑡

 

(Eq 4-25) 

𝐺𝑅𝐷𝑆𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  = 𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  − 𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 (Eq 4-26) 

Where 𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡 is the number of exiting graduates per cycle, grade, and household; 𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 refers to exiting graduates who choose 

to enter the labor force; 𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 represents exiting graduates who choose not to join the labor force; 𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  is exiting graduates 

who choose to enter VT; and 𝐺𝑅𝐷𝑆𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  is exiting graduates who do neither choose to work nor to continue in education or training. 
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4.3.3 Labor force accumulation  

New labor may join the labor force either from the NEET category or from ET in a given year. 

Simultaneously, labor may leave the labor force (due to death, sickness, or retirement). Labor 

from ET is composed of those who graduate or quit school and decide to search for a job. Labor 

from the NEET category refers to those who previously decided neither to seek employment, 

education, or VT and become motivated to join the labor force in the current year. 

As shown in Figure 4-2, the real endowment of households with labor (𝑄𝐹𝐼𝑁𝑆ℎ,𝑙,𝑡) is defined 

annually as the summation of the following groups (Eq. 4-27): 

i. Non-retired labor from the previous year;  

vi. Population in the age group (15 - 64) cohort joining the labor force from outside the 

schooling system; 

vii. Finishing graduates from the tertiary cycle and VT;  

viii. Exiting graduates from below tertiary cycles; 

ix. Dropouts from ET;  

x. Labor from the NEET category. 

As mentioned before, the linkages between the labor force and ET can be eliminated in the 

model by turning off the relevant equations of ET outputs. In this case, the labor force is defined 

(Eq. 4-28) as the product of the labor supply in the base year multiplied by an adjuster 

(𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽2𝑡). 

The value of this adjuster is calculated based on the endogenous labor participation rate. The 

labor participation rate ( 𝐿𝐴𝐵𝑃𝐴𝑅𝐴𝑇𝑡) is equal to the ratio of the labor supply (labor force size) 

to the population in the working-age who are not enrolled in post-primary cycles of education 

(Eq 4-29)60. 

                                                
60 𝑝𝑜𝑝"𝑎𝑔𝑒𝑙𝑎b",𝑡 is population of age cohort entering labor force. 
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𝑄𝐹𝐼𝑁𝑆ℎ,𝑙,𝑡  = (

𝑆𝐻𝐹𝐼𝑁𝑆ℎ,𝑙,𝑡
0 ∙

 (1 − 𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽𝑡 ∙ 𝑑𝑒𝑝𝑟𝑒𝑐𝑙,𝑡−1) ∙ ∑ 𝑄𝐹𝐼𝑁𝑆ℎ𝑝,𝑙,𝑡−1

ℎ𝑝∈𝑆𝐻𝐹𝐼𝑁𝑆ℎ𝑝,𝑙,𝑡
0

) 

(Eq 4-27) 

 

+(

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡2𝑙,ℎ,𝑡 ∙

∑ 𝑝𝑜𝑝𝑝𝑜𝑝,ℎ,𝑡

𝑝𝑜𝑝∈𝑎𝑔𝑒𝑙𝑎𝑏

− ∑ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡

(𝑐,𝑔)∈𝑚𝑐𝑒𝑑𝑢𝑔𝑟𝑑𝑙𝑎𝑏𝑒𝑛𝑡

 )   

 

 

+( ∑

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡𝑙,ℎ,𝑡 ∙

∑ 𝑆𝐻𝑅𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔,ℎ,𝑡−1
𝑐∈𝑐𝑒𝑑𝑢𝑡 𝐴𝑁𝐷 𝑐𝑣𝑡

) 

 

 
+( ∑ 𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

 ) + ( ∑ 𝐸𝑋𝑇𝐺𝑅𝐷𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

) 

 

 
+( ∑ 𝑠ℎ𝑟𝑛𝑒𝑒𝑡𝑑𝑟𝑜𝑝𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐷𝑅𝑂𝑃𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

 ) 

 

 
+( ∑ 𝑠ℎ𝑟𝑛𝑒𝑒𝑡𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐸𝑋𝑇𝐺𝑅𝐷𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

) 

 

𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑙,𝑡 =  𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽2𝑡  ∙  𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑙
0                       ∀ 𝑙 𝐴𝑁𝐷 𝑓𝑒𝑥𝑜𝑔  (Eq 4-28) 

 𝐿𝐴𝐵𝑃𝐴𝑅𝐴𝑇𝑡 =  
∑ 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡𝑖𝑛𝑠,𝑓

𝑝𝑜𝑝"𝑎𝑔𝑒𝑙𝑎𝑏",𝑡  −    ∑ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔,𝑡𝑐,𝑔𝑟𝑑
   ∀ 𝑙 𝐴𝑁𝐷 𝑓𝑒𝑥𝑜𝑔 (Eq 4-29) 
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4.4 Conclusions 

STAGE-Edu is a recursive-dynamic single-country CGE model for assessing the potential 

economy-wide impacts of different ET policies. The model follows the general structure of the 

STAGE 2 model developed by McDonald and Thierfielder (2015), to which STAGE-Edu adds 

extensions to accumulate physical and human capital stocks. 

STAGE-Edu incorporates the behavioral relationships of households, enterprises, government, 

and external sectors. Disaggregation of ET into AKE and VT allows the model to capture the 

potential transitions of students between AKE and VT and across different cycles. Therefore, it 

endogenizes the total enrollment per cycle, grade, household, and year as well as the various 

ET choices. These choices are influenced by several socio-economic determinants. With the 

aim of accounting for the accumulation of human capital, the labor force is classified according 

to the structure of the ET system to be able to link ET outputs and the labor force in a dynamic 

framework. 

For future research, STAGE-Edu could be extended in various directions. A natural extension 

would be to consider ET as an investment decision made by the households rather than a 

consumption decision. This would allow understanding the implications of private investment 

decisions in ET for economic performance and household welfare. Moreover, private ET system 

could be included, which may significantly influence labor supply and ET decisions over time. 

Furthermore, it would be interesting to consider the time allocation between work, study, and 

leisure and to link this decision to private consumption and investment. For modeling ET, it 

could be extended by including leavers from VT entering AKE. It would also be interesting to 

consider child labor as part of the labor force as this allows depicting real-life situations in many 

countries. 
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5. Database for STAGE-Edu 

This chapter provides five data sets that are required by STAGE-Edu. These sets consist of: a) 

a SAM that records all transactions in the economy; b) a factor-use matrix that identifies the 

quantities of each factor used by each productive activity; c) data of ET outputs by cycle, grade, 

and household group, including enrollment, graduation, and dropout; d) population data by 

location, age and ET attainment; and e) elasticity parameters that control the operation of 

behavioral functions of the model. 

The SAM provides a comprehensive economy-wide picture of the economy in a particular year. 

This allows for understanding the structure of the entire economy. Consequently, it is used 

widely in the field of policy analysis and simulation modeling, serving as benchmark data. 

Additionally, the SAM is crucial in determining the parameter values, which are uniquely 

defined through the calibration procedures within SAM-based models. The purpose of using 

the calibration procedures is to ensure that the model parameters are determined in such a way 

that the model will reproduce the initial data set as an equilibrium solution (André et al., 2010). 

Besides these parameters, elasticity parameters are required to use a SAM-based simulation 

model. These parameter values are usually obtained from the literature or estimated using 

econometric methods. 

In this dissertation, STAGE-Edu is calibrated to a 2016 SAM for the Sudan. The model is 

consistent with the structural framework of the SAM. It captures many features, including 

various ET cycles, classification of government services by functions, and disaggregation of 

labor groups according to ET attainment and skill level.  

A SAM for the Sudan, developed by Siddig et al. (2018) for the year 2012, serves as a basis for 

building the 2016 SAM. The reference SAM provides a comprehensive economy-wide 

representation of the Sudanese economy in 2012. Besides using the reference SAM, data from 

various sources are used for constructing the 2016 SAM. These sources include the annual 

report produced by the Central Bank of Sudan for the year 2016 (CBoS, 2017), the national 

government budget (2016) produced by the Federal Ministry of Finance and Economic 

Planning (FMoFEP, 2017), the Sudan labor force survey (2013) produced by the Federal 

Ministry of Human Resources Development and Labor (FMoHRDL, 2013), educational 

statistics (2013) published by the Federal Ministry of General Education (FMoGE, 2014), and 

a recent report from UNESCO (2018a), and World Bank (2018) data. 
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This chapter is organized as follows. Section 5.1 presents the key characteristics of the reference 

SAM for the Sudan in 2012, followed by depicting the education sector in the reference SAM. 

Sections 5.2 and 5.3 present the construction process of the 2016 Macro- and Micro-SAM for 

the Sudan, respectively. Section 5.4 describes the Sudanese economy as depicted by the 

developed SAMs. Section 5.5 presents an overview of the factor-use matrix that identifies the 

quantities of each factor used by each productive activity. Section 5.6 provides information 

about enrollment, graduation, repetition, dropout, and transition rates of different ET cycles 

across household groups. Section 5.7 provides data about total population in the Sudan and 

disaggregation of population by income, location, and age groups. Section 5.8 introduces the 

elasticity parameters required to calibrate the model. Finally, some concluding remarks are 

presented in section 5.9. 

5.1 Overview of the 2012 reference SAM for the Sudan 

The only published post-separation SAM for the Sudan, has been developed at the International 

Agricultural Trade and Development Group at Humboldt-Universität zu Berlin for the year 

201261. This SAM is constructed considering the economic characteristics of the Sudan after 

the secession, and it focuses on agriculture, water, and energy62.  

The reference SAM identifies 71 productive sectors, including: 36 agricultural, 18 industrial, 

15 private services, and 3 government services accounts. These activities produce 59 

commodities, of which 13 are agricultural commodities. The government services sector 

consists of three different accounts, namely: public administration and defense services, health, 

and education (Siddig et al., 2018). 

The 2012 SAM provides data on 16 production factors, including: twelve labor groups, two 

types of land, capital, and natural resources. The labor factor is disaggregated based on gender, 

area (rural and urban), and skill level (skilled, semi-, and unskilled), while the land factor is 

classified into irrigated and non-irrigated land. Households are classified into ten groups, 

depending on location (rural and urban) and income level (five quantiles). 

In the 2012 SAM, education is introduced as an aggregate sector, accounting for 1% of gross 

domestic product (GDP) at market prices. It is a service that is produced and sold domestically. 

79.3% of schooling services is consumed by households, accounting for 0.6% of total household 

                                                
61 In 2011, the Sudan has separated into two countries, namely: the Sudan and South Sudan.  
62 See Siddig et al. (2018). 
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expenditure. The government consumes 11.4% of the total education services, accounting for 

0.6% of the total government outlays. Only 9.3% of the education commodity is demanded as 

an intermediate input. Most of this intermediate education input is demanded by the industrial 

and services sectors, while less than 0.01% is demanded by agricultural activities, reflecting the 

limited role of education in improving agricultural worker productivity in the Sudan in 2012. 

5.2 The 2016 Macro-SAM for the Sudan 

The 2016 SAM, developed as part of this dissertation, helps to understand the structure and 

characteristics of the Sudanese economy in 2016 and provides a database for calibrating 

STAGE-Edu as presented in Chapter 4.  

In general, the construction of the SAM is performed in two steps, using a top-down approach63. 

Firstly, a Macro-SAM, including 16 accounts, is constructed using data from different domestic 

and foreign sources. In the following step, a Micro-SAM is derived by disaggregating the 

Macro-SAM entries, leading to a SAM with 59 accounts.  

The following section illustrates the construction process of the 2016 Macro- and Micro-SAMs. 

It starts by describing Macro-SAM data sources and methods used to estimate the entries of the 

SAM. Thereafter, it describes the Micro-SAM and its components. Moreover, it discusses in 

detail all modifications and adjustments made in the production, value-added, government, and 

household accounts. 

The 2016 Macro-SAM is developed on the basis of the SAM constructed by Siddig et al. (2018) 

and the country's statistical data that reflects the structure of the Sudanese economy in 2016. 

The main data sources are CBoS (2017) and CBS (2018). The data include final consumption, 

trade, government revenues and expenditure, value-added, household consumption, and foreign 

accounts. 

The 2016 Macro-SAM in Sudanese Pounds (SDG) billions is presented in Table 5-164. Each 

row in the SAM will be discussed separately to explain how each Macro-SAM entry is derived. 

In Table 5-1, the columns are numbered. The rows are labeled for the reader to distinguish the 

relative sub-matrix that is referred to. For instance, land payments to households -as a sub-

matrix in row h and column 5- will be referred to as cell SAMh:5. 

                                                
63 The steps of constructing the SAM have been illustrated in Chapter 2. 
64 The general structure of the SAM has been explained in Chapter 5 section 2.2. 
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5.2.1 Commodity income (row) 

For the year 2016, intermediate consumption at purchaser prices (cell SAMc:2) and change in 

inventories (cell SAMc:15) are obtained from CBS (2018). The values at purchaser prices of 

final private consumption (cell SAMc:6), final consumption expenditure by general 

government (cell SAMc:13), gross fixed capital formation (cell SAMc:14), and exports (cell 

SAMc:16) are obtained from CBoS (2017). 

5.2.2 Activity income (row) 

Gross output of the total domestic economy at basic prices in 2016 (cell SAMa:1) is obtained 

from CBS (2018). 

5.2.3 Factor income (row) 

Value-added data for the year 2016 are obtained from CBS (2018). The share of the gross 

operating surplus (GOS) (cell SAMk:2) in the gross value-added is 59.0%, and the share of 

compensation of employees (cell SAMl:2) is 40.3%65. In contrast, land compensation (cell 

SAMn:2) represents the smallest share (0.7%) of total value-added.  

In the capital row, payments to the capital account from the domestic industries (cell SAMk:2) 

have the largest share of capital income. The payments from the rest of the world (cell 

SAMk:16) have a share of less than 1% of total capital income. 

5.2.4 Household income (row) 

Distribution of factor incomes to households is calculated using the data from the Sudan 

National Household Budget and Poverty Survey (2014), published by CBS (2017). Based on 

this information, labor income to households (cell SAMh:3) represents 90.4% of total factor 

income66. The income from non-corporate business enterprises (cell SAMh:4) represents 8.0% 

of the total factor income. Household income from landholding (cell SAMh:5) is equal to the 

compensation for land use, which accounts for 1.7% of total factor income.  

                                                
65 According to European Commission et al.  (2009), gross operating surplus is the portion of income derived 

from production by the factor, i.e., capital.  
66 According to the CBS, compensation of residents is calculated as the sum of total compensation of employees, 

minus remittances to non-resident workers, plus remittances from resident workers abroad. 
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Social transfers to households (cell SAMh:13) are obtained from CBoS (2016). Capital transfers 

from enterprises to households (cell SAMh:7) and current transfers from the rest of the world 

to households (cell SAMh:16) are calculated as a product of their GDP shares in the reference 

SAM by the current GDP from the CBoS report for the year 2016. 

5.2.5 Enterprise income (row) 

The gross operating surplus of corporations (cell SAMe:4) is calculated as a product of the 

corporation's share in total capital income distributed to institutions in the reference SAM 

multiplied by total capital income in 2016. Transfers to enterprises from the government (cell 

SAMe:13) are obtained from CBoS (2017).  

5.2.6 Government income (row) 

The government account distinguishes between the core and the taxation accounts, with the 

latter including direct and indirect taxes. This classification is necessary to avoid ambiguous 

economic interpretations of some payments. The core account of government contains 

information about land income (cell SAMg:5), miscellaneous transfers by enterprises to 

government (cell SAMg:7), import tax (cell SAMg:8), sales tax (cell SAMg:9), value-added 

tax (cell SAMg:10), production subsidy (cell SAMg:11), direct income tax (cell SAMg:12), and 

current transfers from the rest of the world to the government (cell SAMg:16). These values are 

obtained from CBoS (2017). Value-added taxes (cell SAMg:10) are calculated based on data 

from FMoFEP (2015), World Bank (2012), and UNESCO (2018a), representing costs for 

running schools for different ET sectors paid privately by households67. Value-added tax on 

health services is calculated based on the reference SAM and 2016 data from CBoS (2017). 

5.2.7 Total savings (income to capital account, row) 

Savings of households (cell SAMi:6), and enterprises (cell SAMi:7) are derived as residuals. 

The government budget deficit in 2016 (cell SAMi:13) is available from the CBoS (2017). The 

balance on the current account (cell SAMi:16) is also calculated as a residual of payments from 

the national economy and foreign receipts. The stock change receives income from the 

investment account (sellSAMd:14), which is obtained from CBoS (2017).  

                                                
67 Costs for running schools refer to costs paid by privately pupils parents (households) to cover deficits in 

school budgets. For more information, see Chapter 6 section 6.3. 
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Table 5-1: A Macro-SAM for the Sudan for the year 2016 (SDG billion)68 
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c Commodity   310.96       510.54             63.38 142.34 4.16 18.86 1,050.23 
a Activity 958.86                               958.86 

l 

Fa
ct

or
 Labor   262.17                     262.17 

k Capital   384.00                   0.16 384.16 

n Land   4.72                             4.72 
h Households     262.17 23.30 4.52   276.75           5.16     6.88 578.78 
e Enterprise       326.83                 2.58       329.41 

tm 

G
ov

er
nm

en
t 

Import tax 9.18                       9.18 

ts Sale tax 32.09                       32.09 

tv Value-added tax 5.03                       5.03 

tp  Production tax   -2.98                     -2.98 

td Direct tax         3.88 2.28             6.16 

g core account         0.20   7.34 9.18 32.09 5.03 -2.98 6.16       2.85 59.87 

i 

C
ap

ita
l 

Savings         64.36 43.04      -11.34     50.44 146.50 

d Stock change                           4.16     4.16 
w WORLD 45.07     34.02                 0.10       79.19 
t TOTALS 1,050.23 958.86 262.17 384.16 4.72 578.8 329.41 9.18 32.09 5.03 -2.98 6.16 59.87 146.50 4.16 79.19 3,907.52 

Source: Author's compilation. 

                                                
68 Average (official) exchange rate for 2016 is: US$1= 6.5 SDGs (CBS, 2017). 
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5.2.8 Income to the rest of the world (row) 

Data on imports of commodities and services in the year 2016 (cell SAMw:1) are obtained from 

CBoS (2017). Investment income outflow (cell SAMw:4) is taken from the CBS (2018). The 

amount of government transfers to the rest of the world (cell SAMw:12) is obtained from the 

CBoS (2017). 

5.3 The 2016 Micro-SAM for the Sudan  

The following extensions are conducted in the Micro-SAM compared to the 2012 reference 

SAM to allow addressing the research issues and questions regarding the ET system in the 

Sudan69: 

1) Dividing the education activity into three sectors: primary education, secondary non-

VE, and tertiary education. 

2) Introducing two additional accounts, namely: seocndary VE and VT70. 

3) Disaggregating the labor factor into six categories; namely: uneducated and untrained 

labor, primary educated labor, secondary non-vocationally educated labor, secondary 

vocationally educated labor, tertiary educated labor, and vocationally trained labor. 

4) Expanding the government consumption account based on its functions to eight 

accounts, including; four AKE sectors, one VT sector, and the remaining three (non-

ET) sectors.  

These modifications are created using data collected from various domestic sources, including: 

the Central Bank of Sudan (CBoS), the Central Bureau of Statistics in the Sudan (CBS), the 

Federal Ministry of Finance and Economic Planning (FMoFEP), the Ministry of Finance in 

Gezira State (MoFGZ), the Federal Ministry of General Education (FMoGE), the Ministry of 

Higher Education and Scientific Research (MoHESR), the Ministry of Labor in Khartoum State 

(MoLKS), and the Supreme Council for Vocational Training and Apprenticeship (SCVTAA). 

                                                
69 In the 2016 Micro-SAM, agricultural, industrial, and services are aggregated compared to the 2012 reference 

Micro-SAM. 
70 In this dissertation, VT indicates training that is deliberate but not a part of the AKE system. 
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5.3.1 Activities 

The activities are disaggregated into 12, of which 4 are private, and 8 are government sectors. 

This disaggregation is conducted in three steps:  

a) Disaggregation of all activities into five, which is conducted using recent data from 

CBoS (2017) and CBS (2017). The results of this classification are agriculture, 

industry, private services, transport services, and government services.  

b) Classification of government services using data from FMoFEP (2017). This process 

resulted in: general education, tertiary education, health, infrastructure services, and 

other (non-ET) government services.  

c) Disaggregation of general education into primary education and secondary non-VE 

education using data from FMoGE (2014). 

Furthermore, secondary VE and VT are introduced as new sectors based on data obtained from 

FMoFEP (2017) and SCVTAA (2017a).  

According to all data sources, primary and secondary non-VE education is included in one 

sector called "general education". Therefore, the share per educational cycle in the total general 

education cost is used to distinguish primary from secondary non-VE education. For each 

sector, the total cost is defined as the summation of the school building cost and hiring teacher 

costs. These costs are calculated based on the number of schools and teachers in each cycle, 

each multiplied by its average cost, as shown in Table 5-2. The source of these data is the 

educational statistics report (2014), produced by FMoGE (2014). Accordingly, shares of the 

cost of primary education and secondary non-VE (includes both academic and technical 

education) in the total cost of general education are 55.9% and 44.1%, respectively. 

Subsequently, the values of intermediate consumption and value-added of various ET sectors 

are obtained from the above-mentioned sources. The income of commodity accounts and 

expenditure of activity accounts per ET cycle are determined by multiplying the shares of 

commodity and activity matrices of the aggregate education sector from the reference SAM 

(2012) by total income and expenditure per sector taken from the sectoral budget reports for the 

year 2016 (FMoFEP, 2017; SCVTAA, 2017a). 
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Table 5-2: Cost of primary and secondary non-VE for the year 2013 

Education cycle 
Costs of hiring 

teachers 
(SGD thousand) 

Discounted value of 
school building cost 

(SDG thousand) 
Total % Total 

Primary 3,656.06 11,941.80 15,597.86 55.92 

Secondary non-VE 6,228.49 6,067.80 12,296.29 44.08 

TOTAL 9,884.55 18,009.60 27,894.15 100.00 

Source: Author's calculations based on data from FMoGE (2014) and MoFGZ (2017). 

For all activities, a breakdown by commodity is calculated using a sub-matrix from the 

reference SAM. Disaggregating the value added by factor is carried out using data from the 

Labor Force Survey for the year 2011 (FMoHRDL, 2013). 

Private education contribution to total education services in the country varies between 1% -

2.5% (UNESCO, 2018a)71. Most of private education institutions are located in Khartoum, 

where its contribution to total education services in the state accounts for 28%. Besides, there 

are no sufficient data on private education, especially the direct costs of education and the 

enrollment per cycle and household groups. Consequently, the private education sector is 

aggregated to the government education sector in the 2016 SAM72. 

The disaggregation of commodities and services follows the same approach used in the 

disaggregation of activity. In this version of the SAM, each commodity or service is assumed 

to be produced by one activity. Besides, agriculture, industry, and private services are all 

aggregated in one sector. 

5.3.2 Factors of production 

In the 2016 SAM, there are eight production factors, including: capital, land, and six cohorts of 

labor classified by ET and skill level. The disaggregation of the labor force is conducted based 

on the Sudan labor force survey (2011). This classification allows STAGE-Edu to link ET 

                                                
71 In the Sudan, the public sector is dominant in the ET system, representing more than 70% of total enrollment 

(FMoGE, 2014). 
72 In the 2016 SAM, education and health are produced only by the government sector. This is because of the low 

share of private sector in total health and education srvices produced in the country and data unavailability. 
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outputs and the labor market. The labor force is differentiated using four criteria, as shown in 

Figure 5-1. 

 

Figure 5-1: Classification of the labor force in the 2016 SAM for the Sudan  

Source: Author's compilation. 

According to completion of ET, labor is divided into two groups (first level of Figure 5-1): 

(i) uneducated and untrained labor: obtained no certificate of completion of any ET level; and 

(ii) educated and trained labor: obtained a certificate of completion of any ET level (AKT 

or VT). 

The educated and trained labor cohort is further disaggregated on the basis of the 

acknowledgment of ET into two categories (second level of Figure 5-1): (i) graduates of 

acknowledged education: joined schools and could continue to the next level in AKE; and 

(ii) vocationally trained labor: joined any VT but could not continue to the next level of AKE. 
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The graduates of acknowledged education are classified according to the completion of the 

education cycle into three categories (third level of Figure 5-1): (i) primary educated labor 

(8 years of education); (ii) secondary educated labor (11 years of education); and (ii) tertiary-

educated labor (> 11 years of education). 

Finally, secondary educated labor is further distinguished based on the education path into two 

categories (fourth level of Figure 5-1): (i) labor who attended secondary VE schools (including 

at least one year of practical experience), and (ii) labor who attended secondary non-VE 

(without practical experience). 

5.3.3 Households 

The 2016 Micro-SAM adopts the classification of households of the reference SAM, which 

allows analysis of policies that address household livelihoods and income distribution. The 

SAM consists of ten types of representative household groups, classified according to the 

location (urban and rural) and income levels (five quantiles). Each household group receives 

income from the factors they own and transfers from other institutions. Along the column, 

household expenditure is allocated to private consumption, transfers to other institutions, 

savings, and tax payments. 

The income and expenditure are disaggregated according to location based on the household 

survey for the year 2014. The factor income is distributed using the household survey for the 

year 2011. Thereafter, household consumption and transfers from other institutions are 

disaggregated according to income quantiles using the reference SAM matrix. 

5.4 The Sudanese economy as depicted by the SAM used in the case study 

Total demand for commodities and services at purchaser prices is SDG 1,050.2 billion (Table 

5-1). Intermediate consumption accounts for 29.6% of the total demand for commodities, while 

final domestic demand accounts for 68.6%, and exports account for a 1.8% increase. 

In 2016, the Sudan is a net importer of commodities and services from the rest of the world. 

Imported products account for 6.5% of current GDP. There is a net deficit on the current 

account, which is caused by a trade deficit as well as net factor imports from the rest of the 

world. 
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Total household income is SDG 578.8 billion (row account). Capital transfers from enterprises 

to households constitute the largest proportion of household income accounting for 47.8% of 

their total income, with the remaining coming from income coming from returns to labor 

services (45.3%), returns to un-incorporated capital (4.0%), foreign remittances (1.2%), social 

transfers (0.9%), and returns to land ownership (0.8%). On the spending side (column account), 

most of the household income is spent on consumption, accounting for 88.2% of total 

expenditure. In contrast, savings and direct taxes account for 11.1% and 0.7% of total household 

expenditure, respectively.  

The total government income is SDG 59.9 billion, with 82.6% from direct and indirect tax 

revenues, 12.3% from capital transfers from enterprises, 4.8% from transfers from the rest of 

the world, and 0.3% from returns to land. The total government expenditure of SDG 71.2 billion 

is comprised of consumption expenditure (89.0%), transfers to enterprises (3.6%), social 

transfers (7.2%), and transfer to the rest of the world (0.1%). The government deficit of SDG 

11.3 billion is accounting for 1.6% of GDP at current prices. 

The gross capital formation is SDG 142.3 billion (20.5% of GDP), and the stock changes are 

SDG 4.2 billion (0.6% of GDP); combined they give the total investments of SDG 146.5 billion. 

The total domestic savings come from savings by households (SDG 64.3 billion), savings out 

of enterprise income (SDG 43.0 billion), and (dis-)savings of government (SDG 11.3 billion). 

In contrast, the current account balance accounts for SDG 50.4 billion.  

The next sections present selected results from the disaggregated SAM discussed in this section. 

It starts with a description of the structure of production and consumption. Thereafter, it 

provides the composition of the production factors. Lastly, it describes income sources and 

expenditure patterns of different household groups. 

5.4.1 Production 

Table 5-3 shows the production cost structure with shares of payments allocated to intermediate 

inputs, capital (GOS), land, labor, and net taxes for the output in the 2016 Micro-SAM.  

Agriculture has a high share in total market output value (28.9%). The return to capital from 

agricultural industries is relatively high compared to the return to other production factors. The 

payments to labor and land account for 31.8% and 1.7%, respectively. Only 0.2% of the total 

agricultural output value is subsidized. 
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Table 5-3: Components of total production costs by sector (row percentages) 
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Agriculture 23.97 31.79 42.73 1.67 -0.17 100.00 282.37 29.45 

Industry 41.04 6.66 53.32  -1.03 100.00 201.22 20.99 

Private services 38.70 29.50 32.02  -0.22 100.00 198.63 20.71 

Transport services 17.79 24.82 57.39   100.00 120.29 12.55 

Primary education 10.25 85.47 4.27   100.00 9.35 0.97 

Secondary non-VE 10.26 85.47 4.27   100.00 7.31 0.76 

Tertiary education 6.14 89.40 4.47   100.00 11.30 1.18 

Secondary VE 42.71 54.57 2.73   100.00 5.61 0.59 

VT 46.15 51.29 2.56   100.00 5.54 0.58 

Health 5.82 37.80 56.39   100.00 26.68 2.78 

Infrastructure services 26.27 60.82 12.91   100.00 19.57 2.04 

Other government services 67.77 26.13 6.10   100.00 71.01 7.41 

Total production costs 
(billion SDG) 32.43 27.34 40.05 0.49 -0.31 100.00 958.86 100.00 

Source: Author's calculations based on developed 2016 SAM. 

At the aggregate level, AKE sectors represent 4.1% of the total domestic production value. In 

contrast, the VT sector contributes only 0.6% of the total production value in 2016. Moreover, 

all ET sectors are labor-intensive industries, accounting for 76.7% of the total ET value, with 

the remaining going to intermediate input (19.5%) and capital (3.8%) (Table 5-4). 

5.4.2 Consumption 

Table 5-4 shows the shares of the total value of demand allocated to intermediate consumption, 

private consumption, government consumption, gross capital formation, stock changes, and 

exports per product included in the 2016 Micro-SAM. It shows that households consume 47.8% 

of the total demand value, while exports represent only 1.7%. 
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Agricultural products are mostly consumed domestically (97.4% of demand), and the remainder 

is exported (2.6%), and households consume 76.1% of total agricultural demand value (Table 

5-4). Intermediate use is the most dominant demand for transport services (57.3%). Investments 

account for 43.1% of private services. In contrast, industrial exports account for 4.3% of the 

demand for industrial products. 

ET services account for 4.1% of total demand value (Table 5-4). Households consume the 

largest share of total ET services (Figure 5-2), representing the direct cost of ET services (tuition 

fees, other fees charged for ET, etc.) covered by households. In contrast, only 4.0% of total ET 

is consumed by government, representing the cost of providing education services for 

households (building schools, hiring teachers, training for teachers, etc.). Domestic activities 

demand 14.6% of total ET services as intermediate inputs (Figure 5-2). 

 

Figure 5-2: Distribution of education and training demand value by sector and consumer, percentage 

share of total 

Source: Author's calculations based on developed 2016 SAM. 

Tertiary education services are consumed more by domestic activities compared to other ET 

services (Table 5-4). This is because tertiary education service is usually used to qualify the 

workers in ET sectors, i.e., hired teachers with a diploma below tertiary education sectors in 

rural areas (FMoGE, 2019)73. 

                                                
73 In rural areas, teachers with diplomas can be hired to fill the shortage of teachers. After two years, they send to 

the universities to obtain a university degree in general education.  
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Table 5-4: Components of total demand value by product (row percentages) 

 Intermediate 
Consumption 

Household 
Consumption 

Government 
Consumption 

Investment 
Consumption Stock changes Exports  Total (%) 

Total demand 
value (SDG 

billion)                 

% total 
demand value  

Agriculture 20.55 76.09 0.00 0.48 0.24 2.63 100.00 295.47 28.13 

Industry 34.99 52.15 0.00 8.31 0.22 4.33 100.00 250.51 23.85 

Private services 34.19 20.25 0.00 44.04 1.41 0.11 100.00 205.71 19.59 

Transport services 57.31 22.99 0.00 19.71   100.00 133.14 12.68 

Primary education 9.84 81.75 8.41    100.00 10.55 1.00 

Secondary non-vocational 9.32 87.09 3.60    100.00 8.32 0.79 

Tertiary education 6.51 90.21 3.28    100.00 12.15 1.16 

Secondary VE 29.52 68.23 2.25    100.00 6.96 0.66 

VT 29.09 70.63 0.28    100.00 6.15 0.59 

Health 5.35 88.95 5.70    100.00 30.71 2.92 

Infrastructure services 11.14 61.87 26.02 0.96   100.00 19.57 1.86 

Other government services 8.02 10.49 77.15 4.34   100.00 71.01 6.76 

Total demand value 29.61 48.61 6.04 13.55 0.40 1.80 100.00 1,050.23 100.00 

Source: Author's calculations based on developed 2016 SAM. 
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5.4.3 Factors of production

Agricultural sector consumes 33% of total value-added. Other shares of factor use are for 

private services (19%), the industrial sector (18%), the transport services (15%), and 15% are 

used by government sectors, as shown in Figure 5-3. In contrast, the share of value-added used 

by the ET sector is only 4%.

Figure 5-3: Value-added use by industry (percentage)

Source: Author's calculations based on the developed 2016 SAM.

Table 5-5 shows the distribution of labor payments to labor categories within each industry74. 

Agriculture contributes the largest share in payment to labor in the Sudan, accounting for 34.2% 

of the total labor income. In contrast, private services and transport services account for 22.4% 

and 11.4% of the total labor income, respectively. 

At the aggregate level, the ET sector contributes 11.4% of the total labor income, of which 

93.5% is paid to tertiary-educated labor75. A more-depth look at the allocation of labor payments 

across various ET sectors shows that tertiary education pays a high share (31.6%) of these 

payments, followed by primary education (26.6%), secondary non-VE (20.8%), secondary VE 

(11.5%), and VT (9.5%)76.

                                               
74 In the 2016 SAM for the Sudan, labor accounts for 40.3% of the total value-added (Table 5-1).
75 Distribution of the value-added payments across production factors in the ET sub-sectors are assumed to be 

uniform. This assumption is implemented in the developed 2016 SAM because of data shortage.
76 According to FMoGE (2014), primary education and tertiary education are larger sectors compared to other ET 

sectors, accounting for more than 50% of total enrollment and schools in the country.
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Table 5-5: Distribution of labor payment by industry (row percentages) 

  
Tertiary 
educated 

labor 

Secondary 
non-VE labor 

Secondary 
VE labor VT labor 

Primary 
educated 

labor 

Uneducated 
labor Total (%) 

Total labor 
payment 

(SDG billion) 

% total labor 
payments 

Agriculture 3.60 40.50 3.90 2.20 26.40 23.40 100.00 89.77 34.24 

Industry 65.50 26.60 4.00 0.80 2.40 0.70 100.00 13.41 5.11 

Private services  78.60 16.20 2.10 2.20 0.70 0.20 100.00 58.59 22.35 

Transportation services 28.50 53.50 10.10 3.50 3.60 0.80 100.00 29.86 11.39 

Primary education 93.50 5.60 0.50 0.20 0.10 0.10 100.00 7.99 3.05 

Secondary non-VE 93.50 5.60 0.50 0.20 0.10 0.10 100.00 6.24 2.38 

Tertiary education 93.50 5.60 0.50 0.20 0.10 0.10 100.00 9.49 3.62 

Secondary VE 93.50 5.60 0.50 0.20 0.10 0.10 100.00 3.44 1.31 

VT 93.50 5.60 0.50 0.20 0.10 0.10 100.00 2.84 1.08 

Health 71.10 27.60 0.30 0.30 0.50 0.20 100.00 10.09 3.85 

Infrastructure services  70.80 27.40 0.40 0.30 0.90 0.20 100.00 11.90 4.54 

Other government services 78.70 20.00 0.30 0.20 0.70 0.10 100.00 18.55 7.08 

Total labor payments 47.61 29.30 3.27 1.75 9.85 8.22 100.00 262.17 100.00 

Source: Author's calculations based on the developed 2016 SAM 
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5.4.4 Household income and expenditure 

Table 5-7 shows the income sources for ten representative household groups. Evidently, capital 

transfers from enterprises constitutes the largest proportion of household income (47.8%). 

Labor income account for 45.3% of the total household income. 

Figure 5-4 shows distribution of income sources across household groups. 50.1% of total capital 

transfers from enterprises are distributed to rural labor groups. The share of labor income 

distributed to rural households is higher (51.5%) than that distributed to urban households 

(48.5%). The proportion of domestic institutional transfers (government and enterprises) in 

rural household income is higher than in urban households. More than 80% of foreign 

remittances is transferred to urban households. 

 

Figure 5-4: Distribution of income source across household groups , share of total income by source 

Source: Author's calculations based on the developed 2016 SAM. 

On the spending side, most of household income is devoted to consumption, accounting for 

88.2% of the total expenditure (Table 5-7). The agricultural commodity is the dominant item 

for both urban and rural household consumption. 29.8% of the total consumption of households 

is to private services and industrial products. In contrast, 4.7% of the total household 

expenditure is devoted to health services. 
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Table 5-6: Sources of household income by household group (row percentages) 
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Urban households in quintile 1 53.34 4.45 0.64 34.18 5.66 1.72 100.00 17.42 3.01 

Urban households in quintile 2 64.91 4.22 1.10 25.20 2.22 2.35 100.00 24.41 4.22 

Urban households in quintile 3 71.36 5.25 0.79 20.85 0.63 1.12 100.00 35.09 6.06 

Urban households in quintile 4 55.20 4.49 1.15 37.34 0.17 1.63 100.00 66.82 11.54 

Urban households in quintile 5 38.36 4.76 0.63 53.16 0.07 3.02 100.00 104.80 18.11 

Urban households 51.20 4.68 0.84 40.27 0.78 2.22 100.00 248.53 42.94 

Rural households in quintile 1 48.90 3.29 1.47 43.61 2.41 0.32 100.00 40.67 7.03 

Rural households in quintile 2 39.88 3.81 1.02 53.92 1.28 0.10 100.00 59.03 10.20 

Rural households in quintile 3 44.45 2.98 0.94 49.91 0.90 0.82 100.00 61.21 10.58 

Rural households in quintile 4 39.10 3.45 0.40 55.86 0.77 0.43 100.00 74.74 12.91 

Rural households in quintile 5 37.05 3.89 0.37 57.94 0.38 0.37 100.00 94.58 16.34 

Rural households 40.85 3.53 0.74 53.50 0.97 0.41 100.00 330.25 57.06 

Total households 45.30 4.03 0.78 47.82 0.89 1.19 100.00 578.78 100.00 

Source: Author's calculations based on the developed 2016 SAM.
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Table 5-7: Components of  consumption expenditure by household group (row percentages) 
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Urban households in quintile 1 31.51 19.58 3.79 2.48 16.02 9.61 1.63 0.30 15.09 100.00 17.42 3.01 

Urban households in quintile 2 35.17 18.83 6.00 3.34 12.12 7.53 2.58 0.58 13.85 100.00 24.41 4.22 

Urban households in quintile 3 33.45 17.13 6.46 3.97 10.25 2.76 2.79 0.62 22.58 100.00 35.09 6.06 

Urban households in quintile 4 33.26 19.11 7.41 4.78 7.42 5.55 3.29 0.61 18.56 100.00 66.82 11.54 

Urban households in quintile 5 31.50 20.79 9.31 7.21 4.86 6.78 5.60 0.99 12.96 100.00 104.80 18.11 

Urban households 32.63 19.52 7.64 5.34 7.87 6.14 3.97 0.74 16.14 100.00 248.53 42.94 

Rural households in quintile 1 50.18 26.68 3.89 2.71 7.93 2.10 1.92 0.56 4.02 100.00 40.67 7.03 

Rural households in quintile 2 45.07 28.19 6.89 4.26 6.06 4.17 2.10 0.58 2.68 100.00 59.03 10.20 

Rural households in quintile 3 42.75 23.69 6.85 4.56 4.80 3.69 2.14 0.55 10.97 100.00 61.21 10.58 

Rural households in quintile 4 44.76 25.53 7.93 6.40 4.45 4.40 2.83 0.68 3.01 100.00 74.74 12.91 

Rural households in quintile 5 39.93 22.62 7.30 6.65 3.11 3.17 4.52 0.67 12.04 100.00 94.58 16.34 

Rural households 43.77 24.99 6.84 5.25 4.89 3.59 2.91 0.62 7.14 100.00 330.25 57.06 

Total households 38.85 22.57 7.20 5.29 6.21 4.72 3.38 0.67 11.12 100.00 578.78 100.00 

Source: Author's calculations based on the developed 2016 SAM. 
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Table 5-8: Components of education and training expenditure by household group (row percentages) 
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Urban households in quintile 1 30.26 19.50 19.28 13.68 17.28 100.00 2.97 8.26 

Urban households in quintile 2 29.34 18.91 19.78 13.66 18.31 100.00 3.09 8.62 

Urban households in quintile 3 26.02 16.77 39.04 10.00 8.16 100.00 3.73 10.40 

Urban households in quintile 4 19.45 19.04 43.64 9.85 8.03 100.00 5.29 14.74 

Urban households in quintile 5 26.43 27.82 17.91 19.73 8.11 100.00 5.06 14.08 

Urban households 25.53 20.87 29.08 13.51 11.02 100.00 20.15 56.08 

Rural households in quintile 1 19.92 17.69 32.82 14.45 15.12 100.00 3.24 9.02 

Rural households in quintile 2 21.28 18.89 30.07 14.55 15.21 100.00 3.56 9.91 

Rural households in quintile 3 24.79 22.01 34.69 9.05 9.46 100.00 3.08 8.56 

Rural households in quintile 4 19.95 16.91 37.79 12.39 12.96 100.00 3.14 8.73 

Rural households in quintile 5 25.12 21.29 25.88 13.55 14.17 100.00 2.77 7.70 

Rural households 22.09 19.28 32.33 12.85 13.44 100.00 15.78 43.92 

Households 24.02 20.17 30.51 13.22 12.08 100.00 35.92 100.00 

Source: Author's calculations based on the developed 2016 SAM.
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Moreover, ET services account for 6.2% of the total household consumption (Table 5-7)77. A 

more in-depth look at household consumption of different ET services shows that tertiary 

education expenditure accounts for 30.5% of the total ET expenditure (Table 5-8), followed by 

primary education (24.0%), secondary non-VE (20.2%), secondary VE (13.2%), and VT 

(12.1%). Urban households consume more ET services than those in rural areas by 12.2% (Table 

5-7). Besides, rural households spend more on tertiary education than other ET services (Table 

5-8). This indicates that the availability of these services in the urban areas and easy access to 

schools (UNESCO, 2018a). 

5.5 Employment data 

Employment data is a satellite account providing information on physical quantities of labor 

used by each activity. This data is used to estimate the wage rate by dividing the activity 

payments to workers in the SAM by the number of workers. Consequently, the employment 

data set should be consistent with the SAM data set that depicts activity payments to factors as 

well as factors payments to households. In the case of inconsistency of factor payment data set 

in the SAM and employment data, the wage rates cannot be calculated due to the wage 

information not pertaining to the number of employees (Punt, 2013). 

There is a severe shortage of data about employment in the Sudan, especially after South 

Sudan's separation. The majority of available data relates to the period before separation (pre-

2011). Thus, data contained in the SAM is classified on the basis of the reference SAM (Siddig 

et al., 2018), the labor survey for the year 2011 (FMoHRDL, 2013), and data from the World 

Bank (2018). Moreover, since there are no official publications or records for wage rates across 

different labor groups in the Sudan, the wage rates are calculated then validated by the director 

of the personnel affairs department of the Agricultural Research Corporation (ARC)78. The 

wage rates for highly educated labor are higher than those of the low-educated and the 

uneducated labor, reflecting differences in productivity across labor groups (Table 5-9). The 

physical units of each labor category per industry are calculated by multiplying the total number 

                                                
77 According to UNESCO (2015), ET expenditure represents the total costs covered by parents in order to send 

their children to school. These costs include imposed fees by the parent-teacher association at school, costs of 
school requirements (uniforms, notebook, etc.), examination fees, transportation, and food. 

78An interview is conducted with Mr. Nassar Morjan, deputy director of personnel affairs department at ARC, to 
assess the plausibility of the calculated wage rate for different labor group.  
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of employed, according to the World Bank data (2018), by labor category's share per activity, 

according to the labor survey data for the year 2011 (FMoHRDL, 2013). 

According to the World Bank (2018), the size of the labor force, aged between 15 and 64 years, 

in the Sudan is 22 million persons in 2016, of which 42% are employed (Table 5-9). A more in-

depth look at the distribution of different labor categories shows that uneducated and untrained 

labor constitutes the highest percentage of the total employed (36.8%). Primary educated labor 

represents 34.0%, secondary non-vocationally educated labor represents 17.5%, and tertiary 

educated labor represents 8.2% of employed labor. Only 3.5% of the employed labor are 

vocationally educated (2.2%) or trained (1.3%).  

Focusing on tertiary educated labor (Figure 5-3), 46.5% are involved in the ET sectors. Private 

and government services (except ET) sectors employ about 29.8%, and the industrial sector 

employs 10.2%. Agricultural activities employ only 1.2% of tertiary educated labor. 

 

Figure 5-5: Distribution of tertiary-educated labor across industries (percentage, shares sum to 100%). 

Source: Author's calculations based on FMoHRDL (2013). 

According to the World Bank (2018), 17.2% of the total labor force in 2016 in the Sudan are 

unemployed. The unemployment rate among the youth (those aged between 15-24) is 32.6%. 
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Table 5-9: Employment by labor category and activity (row percentage) 
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Agriculture 0.23 5.66 2.13 1.28 30.15 60.56 100.00 3,951.70 42.75 

Industry 5.65 18.94 1.51 0.95 46.98 25.98 100.00 1,343.62 14.53 

Private services 13.85 27.87 2.91 2.59 34.12 18.66 100.00 740.83 8.01 

Transportation services 1.69 25.02 2.78 1.30 47.20 22.01 100.00 1,231.37 13.32 

Primary education 51.38 26.54 4.04 1.88 7.07 9.09 100.00 173.97 1.88 

Secondary non-VE 51.38 26.54 4.04 1.88 7.07 9.09 100.00 82.10 0.89 

Tertiary education 51.38 26.54 4.04 1.88 7.07 9.09 100.00 261.31 2.83 

Secondary VE 51.38 26.54 4.04 1.88 7.07 9.09 100.00 102.39 1.11 

Total VT 51.38 26.54 4.04 1.88 7.07 9.09 100.00 70.75 0.77 

Health 50.69 26.19 3.99 1.85 6.95 10.33 100.00 145.34 1.57 

Infrastructure services 10.88 34.84 0.66 1.07 37.15 15.40 100.00 363.08 3.93 

Other government 
services 10.94 35.04 0.66 0.51 37.36 15.49 100.00 777.78 8.41 

Total empolyment 8.24 17.45 2.18 1.32 33.98 36.84 100.00 9,244.25 100.00 

Wage rate (million SDG) 164.25 47.95 42.94 37.82 8.28 6.37 - -  

Source: Author's calculations based on FMoHRDL (2013).
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5.6 Data for the education and training system 

STAGE-Edu links the output from the ET system to the labor force in a dynamic framework 

using a set of specific equations. These equations require detailed data, which are: 

a) Total enrollment by grade, cycle, and household; 

b) Number of new entrants to primary education and VT; 

c) Number of students per grade, cycle, and household group79. 

In the Sudan, the total enrollment across the AKE cycles has significantly grown over the past 

decades, as shown in Table 5-10. Between 2012 and 2016, secondary education enrollment 

grew at a higher rate (3.5%) than primary education (2.8%) and tertiary education (2.4%). 

Comparing enrollment in absolute terms shows that primary education is the largest cycle in 

the AKE system (Table 5-10). According to UNESCO (2018a), enrollment in primary education 

has grown over the last decades. This growth of primary education is a result of achieving peace 

in the states previously affected by conflicts. Looking at enrollment across secondary education 

sectors shows that VE enrollment rate is meager compared to that of non-VE. This reflects the 

low participation of secondary vocationally educated labor in the labor force (Table 5-9). 

Table 5-10: Total and growth rates of enrollment and dropout rates by education cycle for the year 201680 

 
Enrollment 
 (thousand 
students) 

Average 
growth rate 
(2012-2016) 

Gross 
enrollment 
rate (GER, 

%) 

Official 
school ages 

(years) 

Grade level 
(e.g., 

schooling 
years) 

Primary education 4,762.21 2.80 77.40 6-13 8 

Secondary non-VE 1,633.71 3.50 44.50 
14-16 3 

Secondary VE 292.89 3.50 2.30 

Tertiary education 423.01 2.40 17.00 17-21 4 

Total  7,111.82 3.05 35.30 - 15 

Source: Author's calculations based on UIS (2018) and UNESCO (2018a). 

                                                
79 For more information regarding student groups, see Chapter 4. 
80 According to UNESCO (2018c), GER is the percentage in the official school-age population corresponding to 

the respective level of education. 
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In 2013, only 56.8% of the population aged 6 years in the Sudan entered the first grade of 

primary education. Moreover, 24.8% of students within primary education are reported to be at 

risk of dropping out before the last grade of primary education (UIS, 2018). In 2013, the 

transition rate from primary education to secondary education reached 94.4% (UNESCO, 

2018a), which was higher compared to average transition rates of countries in Sub-Saharan 

Africa (SSA) (76.1%) and the Middle East and North Africa (MENA) region (88.4%) (World 

Bank, 2018). In spite of the high primary to secondary transition rate, enrollment at post-

primary education is low (Table 5-11), driven by the high dropout rate and low transition rate 

at the secondary level (UNESCO, 2018a).  

No accurate data is available on the actual number of enrolled students in VT in the Sudan, 

since the available data apply to the pre-secession period (before 2011). Therefore, enrollment 

at this cycle is calculated based on data from the SCVTAA (2017a) and MoLKS (2017). The 

result is a total enrollment at VT of 48.2 thousand students. This figure is calculated as the 

product of the share of enrollment in the total population in 2009 multiplied by the total 

population in 2016. 

Table 5-11 disaggregates enrollment and dropouts by cycle across different household groups, 

showing a significant difference in enrollment by location (rural and urban) in the Sudan. Total 

enrollment in urban areas (67.0%) is higher than in urban areas (33.0%). This is because of the 

availability of schools and universities in the cities. This reflects higher dropout rates and the 

share of children who never enter schools in rural areas than urban areas (UNESCO, 2018a). 

5.7 Population data 

This section provides information on the total population, growth rate, population by location 

and income level, population at the working age, and school-age population per ET cycles 

(Table 5-12). 

In 2016, the total population in Sudan reached 39.8 million, of which females constitute half, 

and the rural constitute two-thirds with an annual growth rate of 2.4% (World Bank, 2018). The 

population size is forecasted to double by 2050. This is due to the relatively high fertility rate 

(4.5%) and a large proportion of females in the population. Compared to the past few years, the 

fertility rate has declined slightly, reflecting the improvement in women's access to education 

and employment that is almost universally associated with smaller family size. On average, a 

Sudanese woman gives birth to 5-6 children in her lifetime (UNDPF, 2011). 
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Furthermore, 41.2% of the total population are children aged 0-14 years in 2016, while the ratio 

of the working-age population (15-64) is about 55.3% of the total population (World Bank, 

2018). The school-age population at different education levels represents 39.7% of the total 

population (Table 5-12), with the population in primary education age constituting the largest 

share (39.4%) of total schooling population, followed by the population in secondary school 

age (35.2%), and the population in tertiary school age (25.5%) (UNESCO, 2018b). In 2011, 

only 2% of the working-age population held a VET certificate (Ibrahim et al., 2014). 

Table 5-11: Enrollment and dropouts across the ET cycles and households in 2016 (row percentage)  

  Urban 
household 

Rural 
households Total (%) 

Total  
households 
(thousand 
persons) 

% total 
households 

Enrollment           

Primary education 64.52 35.48 100.00 4,762.21 66.00 

Secondary non-VE 73.13 26.87 100.00 1,633.71 23.26 

Secondary VE 61.14 38.86 100.00 292.89 4.16 
Tertiary education 74.65 25.35 100.00 423.01 5.90 

VT 70.92 29.08 100.00 48.20 0.67 

Total 67.03 32.97 100.00 7,160.02 100.00 

Dropouts        

Primary education 59.29 40.71 100.00 1,181.03 63.58 

Secondary non-VE 67.44 32.56 100.00 457.44 24.62 

Secondary VE 56.63 43.37 100.00 82.01 4.41 
Tertiary education 66.45 33.55 100.00 126.90 6.83 

VT 62.03 37.97 100.00 10.28 0.55 

Total 61.69 38.31 100.00 1,857.66 100.00 

Source: Author's calculations based on UIS (2018); UNESCO (2018a), SCVTAA (2017a), MoLKS (2017) and 
FMoGE (2014). 

In terms of poverty, 64% of the Sudanese population live under the national poverty line (Table 

5-12), with 75% of them living in rural areas81. However, poverty rates vary widely across 

regions; the lowest poverty incidence is in Khartoum State (26%), and the highest is in North 

Darfur (69.4%). Besides, there are disparities between the settled and the nomadic population 

(the nomadic population constitutes 9% of Sudan's population and 14% of its poor). In terms of 

                                                
81 The poverty line is a minimum income level that considers as a decent standard of living. In the Sudan, it 

equals US$1 per day.  
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gender, poverty is higher for female-headed households (37%) than households where two 

parents are present (31%). 

Table 5-12: Classification of population according to age, location, and poverty level (thousand persons) 

  
Population    

(thousand persons) 
% total 

population 

Classification according to gender    
Female population  19,963.64 50.10 

Male population 19,883.94 49.90 

Total  39,847.58 100.00 

Classification according to location    

Urban population  13,588.02 34.10 

Rural population 26,259.55 65.90 

Total population  39,847.58 100.00 

Classification according to age    

Population at age between 0 to 14 years  16,417.20 41.20 

Population at working age, between 15 to 64 years 22,035.71 55.30 

Population at working age, between 65 years and above 1,394.67 3.50 

Total 39,847.58 100.00 

Classification according to school-age    

Population at primary education age, between 6 to 13 years 6,220.31 15.61 

Population at secondary education age, between 14 to 17 years 5,556.95 13.95 

Population at tertiary education age, between 18 to 21 years 4,023.60 10.10 

Total 15,800.86 39.65 

Classification according to income level   

Poor population 25,502.45 64.00 

Non-poor population 14,345.13 36.00 

Total 39,847.58 100.00 

Source: Author's calculations based on World Bank (2018) and UIS (2018). 

5.8 Elasticity parameters 

Elasticities are important data requirements for CGE models. They depict the behavioral 

responsiveness of consumers and producers to relative changes in prices, income and socio-

economic intensives. Therefore, the determination of these exogenous parameters is crucial for 

the results of any simulations. 

There are three common ways to determine the values of elasticities, those are: 

a) Estimating elasticities using econometric procedures; 



Chapter 5 

99 

b) Borrowing them from other studies; 

c) Using outright guesses when the former two options are inapplicable.  

As there are limited available data for the Sudan, especially after 2011, the values of elasticity 

parameters in this dissertation are identified using assumptions based on empirical studies.  

STAGE-Edu includes several types of elasticity parameters to measure how commodity, service 

and factor quantities respond to changes in prices. In most cases, these parameters depict 

substitution in trade and production. For example, in the trade relationship, Armington's values 

of substitution for the domestic products relative to the traded products for all commodities are 

set to 2 (Table 5-13).  

There are several types of elasticities of substitution for the CES production functions. Activity 

output is a CES aggregate of the quantities of aggregate intermediate inputs and value-added. 

The elasticity of substitution is set to 0.8 for all activities. Domestic product output is a CES 

aggregate of differentiated products by various activities for the heterogeneous products, which 

the elasticity is set to 2 for all products (Table 5-13). 

Value-added is a CES aggregate of the quantities of primary inputs used by each activity, 

allowing for substitution between factor types. This aggregate is produced by combining several 

primary inputs at different levels. 

Table 5-14 gives an overview of substitution elasticities values for CES on production factors. 

At the first level, the value of substitution elasticity for the CES value-added is set to 0.5 for all 

activities. At the second level, the elasticities of substitution between the aggregate non-tertiary 

educated labor and tertiary educated labor are set to 0.5 for ET as well as for health. In contrast, 

it is set to 0.9 for the other industries. At the third level, the value of elasticity of substitution 

for aggregate non-tertiary educated labor (aggregate non-secondary educated and non-trained 

labor and aggregate secondary educated labor and vocationally trained labor) is set to 1.5. These 

values of elasticities are used uniformly for all industries. At the fourth level, the value of 

elasticity of substitution between the non-secondary educated or trained labor categories 

(uneducated and untrained labor and primary education labor) is set to 4. The value of elasticity 

of substitution for secondary non-vocationally educated labor and aggregate vocationally 

educated and trained labor is set to 2.5. At the fifth level, the value of substitution elasticities 

between aggregate vocationally educated and trained labor categories (secondary vocationally 

educated labor and vocationally trained labor) is set to 3. 
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Table 5-13: Elasticity values for STAGE-Edu 

 SET Value 

T
ra

de
 CET on domestic production and exports Commodities and services 2.0 

CES on domestic production and imports Commodities and services 2.0 

Pr
od

uc
tio

n CES on value-added and intermediate inputs Activities  0.8 

CET for aggregation from different activities  Commodities and services 2.0 

C
on

su
m

pt
io

n LES income elasticities 

Products * poor urban household 0.3 to 1.4 

Products * non-poor urban household 0.2 to 1.3 

Products * poor rural household 0.5 to 1.6 

Products * non-poor rural household 0.4 to 1.5 

LES Frisch parameter 
Products * poor household -3.0 to -4.5 

Products * non-poor household -1.9 to -2.7 

Source: Author's compilation. 

The decision to use different values of substitution elasticity parameters for different levels in 

the nesting structure is purposeful. In principle, knowledge grows as individuals progress at the 

education level. Consequently, tertiary educated labor has more knowledge than other labor 

categories. As a result, a higher level of ET is less substitutable. 

In contrast, the skill level is linked to the vocational component. This parameterization suggests 

that VE and VT have comparable skills and thus higher substitutability than the non-VE 

component. 

In STAGE-Edu, household consumption is modeled using a Stone-Geary functional form. This 

specification allows specifying a subsistence expenditure component, which is appropriate for 

a developing country like the Sudan. This function requires elasticity parameters, namely: 

Frisch parameters and income elasticities. Furthermore, it is assumed that poorer households 

exhibit higher income and Frisch elasticities than non-poor households. This indicates that a 
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higher share of poor household income and consumption is devoted to subsistence expenditure 

compared to those of non-poor households. 

Table 5-13 shows the value of the income elasticity parameters per household group. The 

absolute values of Frisch parameters are assumed to be between -3.0 and -4.5 for poorer 

households and between -1.9 and -2.7 for non-poorer households. 

STAGE-Edu determines different types of student groups per cycle, grade, and household group 

using the logistic functions and CEFs. The ET elasticities are set to capture the responsiveness 

of students at different cycles to relative changes in various socio-economic determinants. 

These determinants or standards include: 1) quality of ET, 2) direct costs of ET services, 3) real 

household income, 4) health status of students, 5) infrastructure expenditure, 6) wage premium 

or incentives, and 7) minimum grade level of national examination as entry pre-requisites to the 

secondary and tertiary cycles of education82. 

Following Adam (2013) and Bérenger and Verdier-Chouchane (2015), ET decisions in the 

Sudan are influenced mainly by three determinants, including: a) quality of ET, b) direct cost 

of ET, and c) wage premium. Based on this assumption, the elasticity values with respect to 

other determinants (health status, household income, infrastructure expenditure, and entry pre-

requisites to post-primary education) in the logistic functions are set to zero. 

Table 5-15 illustrates elasticity values of ET determinants, which are used for the case of the 

Sudan. These elasticity values are set, considering differences with respect to the residence 

place and income level. This means that different student groups across cycles respond in the 

same manner to changes in ET determinants. But rural households are more likely to respond 

to the changes in ET determinants than urban households. 

 

                                                
82 For more information about ET determinants and how they are depicted in STAGE-Edu, see Chapter 4. 
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Table 5-14: Substitution elasticity values for CES on production factors 

Level Name  Aggregated factors    ET 
sectors 

Health 
sector 

Other 
sectors 

1. Aggregate value-added  
 Aggregate labor 
 Land 
 Capital 

0.5 0.5 0.5 

2. Aggregate labor  Tertiary educated labor 
 Aggregate non-tertiary educated labor 0.5 0.5 0.9 

3. Aggregate non-tertiary educated labor  Aggregate non-secondary educated and non-trained labor  
 Aggregate secondary educated labor and vocationally trained labor 1.5 1.5 1.5 

4.1 Aggregate secondary educated labor and 
vocationally trained labor 

 Secondary non- vocationally educated labor  
 Aggregate vocationally educated and trained labor  2.5 2.5 2.5 

4.2 Aggregate secondary educated labor and 
vocationally trained labor 

 Primary educated labor 
 Uneducated and untrained labor 4.0 4.0 4.0 

5. Aggregate vocationally educated and trained labor  Secondary non-vocationally educated labor 
 Vocationally trained labor 3.0 3.0 3.0 

Source: Author's compilation.
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The importance of ET determinants on ET decision are estimated based on empirical evidence 

addressed educational issues in the Sudan. For instance, the elasticity value of ET quality 

concerning different student groups across different cycles is more significant compared to 

elasticities associated with other determinants83. In contrast, the elasticity regarding the direct 

cost determinant has more value (importance) than the wage premium determinant84. Besides, 

the location has more influence on ET decisions than the income85. 

Besides, the values of ET elasticity parameters are estimated on the basis of elasticities used in 

MAMS application for Egypt, conducted by Khorshid et al. (2011), as shown in Table 5-15. 

Table 5-15: Elasticities of various determinants by household groups 

  Poor urban 
household 

non-poor 
urban 

household 

Poor rural 
household 

Non-poor 
rural 

household 

Education and training quality 0.60 0.50 0.80 0.70 

Direct costs of education and training 0.49 0.39 0.69 0.59 

Wage premium  0.20 0.10 0.40 0.30 

Source: Author's compilation. 

5.9 Conclusions 

This chapter gives an overview of the 2016 SAM for the Sudan and data requirements for 

STAGE-Edu calibration. In addition to the 2016 SAM that provides a comprehensive and 

consistent picture of the Sudanese economy, the model requires four data sets. These sets are: 

(a) the physical labor units and wage rates per sector, which correspond to the values in the 

SAM; (b) statistics on enrollment of different types of students per grade across cycles, which 

need to be consistent with the structure of the ET system in the SAM; (c) population by location, 

                                                
83 Evidence about the MDG outcomes emphasizes that educational quality has significant effects on enrollment 

across different cycles (Khorshid et al., 2011). 
84 Bérenger and Verdier-Chouchane (2015) show that the high costs of education paid by households (tuition 

fees, uniforms, food, transportation, etc.) decrease the probability of sending children to school in the Sudan 
more than wage premium. 

85 According to UNESCO (2018a), students in urban areas are more likely to have access to schools and 
universities compared to those in rural areas. This is due to the availability of schools and universities in the 
cities. World Bank (2012) states that, regarding income level, children from poor households have less access 
to schools. 



Database for STAGE-Edu 

104 

school-age, and income level; and (d) elasticity parameters for the calibration of the functional 

forms.  

The 2016 SAM for the Sudan is consistent with the structural framework of STAGE-Edu. It is 

constructed based on the 2012 SAM for the Sudan developed by Siddig et al. (2018) and data 

for the year 2016.  

The 2016 SAMs for the Sudan is developed using a top-down approach. Firstly, a Macro-SAM 

is constructed based on 2016 data. This data is collected from various sources, including 

domestic sources (CBS (2017), CBoS (2017), FMoHRDL (2013), SCVTAA (2017a), etc.) as 

well as foreign sources (UNESCO (2018a) and World Bank (2018)). Secondly, the Micro-SAM 

is developed by certain disaggregating accounts that are related to ET, including production 

factors and household accounts. This SAM is further used in the next Chapters (6 and 7) to 

calibrate STAGE-Edu for the Sudanese economy. 

The 2016 SAM provides a detailed representation of the Sudanese economy with special 

emphasis on the ET system. Moreover, labor is disaggregated by the ET attainment and skill 

levels. Households are disaggregated according to income quintiles in addition to location 

(urban and rural). The 2016 Micro SAM contains 59 accounts, with an aggregated 

representation of the non-educational accounts and a detailed representation of ET accounts.  

Development of a SAM for the Sudan faces challenges related to data availability. The scarcity 

of recent data poses challenges to get information for the disaggregation for each of the sub-

matrices. Specific challenges in the Sudan context include the following: 

i. Lack of detailed ET system data, especially regarding expenditure by cycle and 

household demand by cycle. Furthermore, most of the available ET data apply to the 

pre-secession period. Consequently, the ET system disaggregation in the Micro-SAM 

is conducted based on data from the FMoFEP, the UNSECO, and the World Bank. 

xi. No I-O table is available to update the intermediate input matrices in the 2016 Micro-

SAM. These matrices are developed based on the CBoS data and the sub-matrices 

from the reference SAM (2012) to overcome this limitation. 

xii. Available official statistics on employment cover the periods before the secession of 

South Sudan (2011). Therefore, the disaggregation of employment by industry is 
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conducted based on these statistics and recent data from the World Bank. The wage 

rate per labor group is estimated based on expert interviews.  

xiii. There is no detailed data available on private consumption by product and household. 

Consequently, household consumption is disaggregated across different products 

based on the household survey in 2014, and then it is disaggregated across different 

household groups using the matrix for the reference SAM (2012).  

Considering the above-mentioned challenges, the developed version of the SAM can be 

improved by getting and using recent data, which will increase qualifying the model simulation. 
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6. Enhancing the Education and Training System in the Sudan: 

An Economy-wide Assessment 

The objectives of this chapter are twofold. First, to give a background about the ET system in 

the Sudan and its role in human development in the country. Second, to explore the potential 

economic impacts of the expansion of the ET system in the Sudan. The aim is to improve 

understanding and fill the gaps in analyzing the effects of ET policy measures on the 

accumulation of human capital in the Sudan. The analysis also covers the effects of different 

instruments for financing the expansion of the ET system.  

The chapter starts with a short assessment of human development in the Sudan, identifying the 

key issues. Thereafter, section 6.2 explains the structure of the ET system in the country, 

followed by a description of the current ET policies and their future preparation. It also 

addresses the key challenges and problems facing the system and some broad indications as to 

how these issues can be addressed. Consequently, the scenarios designed for the case study are 

related to the identified issues. The private and public finance of the ET system in the Sudan is 

discussed in section 6.3. 

Section 6.4 presents the data and the calibration of STAGE-Edu. It also describes the version 

of STAGE-Edu that is used for running these simulations. Moreover, it provides a detailed 

description of the analyzed scenarios and the implemented closure rules. Section 6.5 discusses 

the simulation results, focusing on a comparison of the effects of the different counterfactual 

scenarios. This section ends with sensitivity analyses concerning instruments for financing the 

implemented policies. Conclusions are presented in section 6.6. 

6.1 Human Development in the Sudan 

The Sudan is a lower-middle-income and food-deficit country (FAO, 2015). According to the 

World Bank (2018), the GDP growth rate was 4.7% in 2016, and GDP per capita averaged USD 

2,398 in nominal terms86. The total population was about 39.8 million, of which more than half 

                                                
86 Average (official) exchange rate for 2016 is: US$1= 6.5 SDGs (CBS, 2017). 
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are 24 years or below87. In 2030, the Sudanese population is expected to reach 56.4 million 

(World Bank, 2018)88. 

Around 46.5% of the total population is below the national income poverty line (CBS, 2017)89. 

The poverty rate in rural areas is more than double the poverty rate in urban areas. Moreover, 

multidimensional poverty headcount is 38.2% higher than the income poverty headcount 

(DARBO, 2018)90. This figure indicates that many of those who live above the income poverty 

line may still face deprivations in ET, health, and other living conditions. 

Between 2012 and 2016, the value of human development index in the Sudan (HDI) has 

increased gradually from 0.48 to 0.49 (UNDP, 2017), with an average annual increase of about 

1.1%. Despite this progress, the country remains at rank of 167 out of 189 in the human 

development index. This challenge urges the government to accelerate economic growth to 

improve employment opportunities for the population of the country (Ibrahim et al., 2014). 

Besides, the country is expected to face a crisis in human capital in the future. According to the 

World Bank (2018), the human capital index (HCI) value of the Sudan is low (0.38) compared 

to the average global level (0.57)91. This implies that the future productivity of the next 

generation in the workforce will be 38% of what it could be if the newborn will benefit from 

complete ET and good health. Moreover, it implies that Business-as-Usual will cost the Sudan 

62% of its total income in the long-run. To avoid this predicted crisis, the Sudanese government 

should increase its efforts to improve the institutional capacity, provide universal essential 

social and economic services, and spend more on ET and health services (DARBO, 2018). 

The Sudan is committed to achieving the Education For ALL (EFA) targets and the sustainable 

development goals (SDGs) by 2030, by implementing education policy reforms endorsed at the 

2012 national education conference (UNESCO, 2018a).  

This reform policy aims to provide universal access to quality primary and secondary education 

(World Bank, 2012). Gross enrollment rates (GERs) for primary and secondary schools have 

increased steadily over the past decades. However, the country has the fourth-highest rate of 

                                                
87 About two-thirds of the Sudanese people are located in rural areas (World bank, 2018). 
88 The annual growth rate of population is 2.4% and the fertility rate is 4.4 children born per woman (World 

Bank, 2018). 
89 According to CBS (2017), the national poverty line is estimated at SDG 4,577 in 2014 (1 dollar = 5.58 SDG). 
90 Multidimensional poverty headcount measures the non-income dimensions of poverty (DARBO, 2018). 
91 HCI measures the human capital that a child born today can expect to attain by her 18th birthday, given the 

risks of poor health and poor education in the country where she lives (World Bank, 2018a). 
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out-of-school children (aged between 5 and 13 years) in the world (UIS, 2018). Despite a low 

share of repeaters and high transition rates, education is not provided for all children in the 

country. Moreover, the country has significant disparities in access to primary education 

between regions and genders (DARBO and Eltahir, 2016).  

In addition, because schools are not available in marginal areas and/or education costs are 

unaffordable, nearly half of school graduates from primary education dropout before obtaining 

the certificate, enabling them to proceed to secondary education (UNESCO, 2018a). Another 

problem is the low GER at both secondary VE cycles and VT, which results in a low supply of 

labor with specific skills in the economy that match employer demands (Nour, 2011). The 

Sudan is thus far from achieving the targets of SDG 4 on equitable quality education. 

6.2 The education and training system in the Sudan 

This section presents the structure of the ET system in the Sudan. It starts with an overview of 

AKE, providing a detailed analysis of student enrollment patterns at different levels, followed 

by a VT description. 

6.2.1 Acknowledged education 

According to UNESCO (2012a), AKE is a formalized education system of a country. This 

education is institutionalized, intentional, and planned via government organizations and 

recognized private bodies. It provides full-time education for individuals in a system designed 

as a continuous educational pathway92. AKE consists mainly of primary, secondary, and tertiary 

education. It also includes specialized VE at post-primary education levels. 

In the Sudan, the acknowledged educational ladder is 2+8+3, comprising of thirteen years of 

schooling for general education (primary and secondary combined). The school year is 

disaggregated into two semesters, covering 210 working days. The FMoGE decides the length 

of a school year and the timing of the examination for secondary schools, while the individual 

states determine the school calendar. The primary language of instruction is Arabic at all levels 

(UNESCO, 2018a).  

                                                
92 According to UNESCO  (2012a), AKE can be also defined as full-time education of individuals before their 

first entrance to the labour market. 
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According to the FMoGE (2014), AKE consists of four sequenced levels, explained as follows: 

1) Pre-primary education consists of two years for children of 4-5 years old, which is 

offered by kindergarten or traditional Islamic schools.  

2) Primary education is compulsory and includes eight years of schooling, targeting 

children from 6 to 13 years of age. In the final grade (Grade 8), students need to obtain 

the exam-based Basic Education Certificate, which qualifies them for admission to the 

secondary level (UNESCO, 2018a).  

3) Secondary education targets children aged between 14 and 16 years of age. It ends 

with the Sudan Secondary School Certificate (Ahmed, 2011). This level contains two 

components, namely: a) non-VE and b) VE. VE consists of two-year vocational 

courses and one year of practice to combine theoretical knowledge with experience 

into the graduate vocational qualifications. Secondary non-VE students study further 

courses during the third year at school with the ability to focus on biology and 

mathematics. 

4) Tertiary education provides for those aged between 17 to 21 years, which is comprised 

of various types of post-secondary education, including post-graduate degrees. 

Government and private institutions provide pre-primary education with substantial efforts 

from the local community. The FMoGE and the SMoGE share the responsibility of developing 

the policies and delivering the services for both primary and secondary non-VE cycles. In 

contrast, VE falls –administratively- under the umbrella of the MoLAR, where the SCVTA is 

authorized to carry out administrative reforms. Also, the MoHESR is responsible for all tertiary 

education programs and degrees. 

Overall, AKE development has significantly increased at all levels over the last decades (Figure 

6-1). The GER for primary education has increased from 71.2% in 2012 to 76.4% in 2016, with 

considerable variation by gender and across regions. A deeper look at the primary GER by 

gender in 2016 shows that the female's GER is 75.1%, which is lower than that of males. High 

female dropout rates drive the variation in GERs by gender. According to Fincham (2018) and 

Nomlomo et al. (2012), low access to schools and inadequate educational infrastructure are the 

main factors that led to females dropping out of schools, particularly in rural areas.  

A recent report of UNESCO (2018a) shows that the primary GER is higher in the states with a 

high economic growth level, reflecting a robust positive relationship between these two 
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indicators93. The secondary GER at the aggregate level is less than that of primary education 

(Figure 6-1), due to the high rate of primary and secondary dropouts. Furthermore, the GER at 

secondary VE is the lowest in AKE, indicating its limited role in accumulating human capital 

in the country. Tertiary GER has considerably grown by 1.9% between 2012 and 2016. 

 

Figure 6-1: Evolution of gross enrollment rates at different acknowledged education cycles  

Source: Author's calculations based on UNESCO (2018b) and FMoGE (2014). 

AKE dominates the public ET sector. Most of primary students are enrolled in government 

schools, which is valid for secondary VE and tertiary education. Still, a significant proportion 

of pre-primary students (38%) and secondary non-VE students (24%) are enrolled in private 

education. Nevertheless, the private education sector's contribution to overall AKE is low to the 

overall AKE sector in the Sudan, accounting for 1% to 2.5% across the country (UNESCO, 

2018a). These shares are expected to increase significantly over time, especially if the 

government does not implement policy measures to improve the standards of the public pre-

primary and secondary education cycle standards94.  

                                                
93 The report shows that states of Khartoum, River Nile, Al Gezira, Northern and White Nile have higher GERs 

as well as economic growth rates.  On the contrary, states that suffer from conflicts (Northern Darfur, Red 
Sea, Blue Nile, Southern Darfur and Kassala) exhibit the lowest GERs and economic growth rates. For more 
information, see UNESCO (2018a). 

94 According to UNESCO (2018a), most of secondary repeaters prefer to go to private secondary school, in order 
to improve their results on the Secondary School Certificate exam. In addition, there are some schools that 
have both private and public sections within the same school.  
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According to UNESCO (2018a), the Sudan has the largest number of out-of-school children in 

the Middle East and North Africa (MENA) region. About 3 million school-age children (aged 

between 5 to 13) remain outside AKE in the country. More than half of out-of-school children 

are females. A deeper look at the dropouts by residence place shows that the dropout rate in 

rural areas is higher than in urban areas. Several empirical studies are conducted to identify the 

main reasons students quit after accessing schools in the Sudan. 

According to the World Bank (2012), high dropout rates are generally associated with low 

educational quality and high opportunity cost of education. In the Sudan, some rural schools do 

not offer all the grades of primary education. Consequently, children have to change school, 

increasing both the time and cost of going to school. Another factor is a late entry to school by 

overaged children, especially in conflict areas.  

Other empirical studies (Adam, 2013; Ebaidalla, 2018; Fincham, 2018) show that the decision 

to leave school is significantly affected by household income level, particularly in rural areas. 

Studies also emphasize the role of good governance in increasing the enrollment rate. Other 

factors are low access to schools and an inappropriate educational environment (UNESCO, 

2018a).  

The quality of education services is deficient in the Sudan (World Bank, 2012). There is 

currently no system to continuously assess student learning to determine whether or not 

government investments in primary education translate into quality education and learning for 

all. The shortage of schools in densely populated areas and the low quality of education, 

together with the high levels of unemployment, can create a volatile pool of disaffected young 

people (UNDP, 2012).  

A national five-year AKE strategic plan for the period 2017-2021 has been developed using a 

bottom-up approach, which is meant to adding disparities across regions and between states. 

Each state has developed an education strategy with the assistance of UNICEF and development 

partners. Thereafter, the state strategies have been collected and consolidated in a national 

strategic plan. The main objectives of this plan for the year 2018 were: (a) to enroll about half 

a million children who do not go to school and (b) nourish 250,000 children with acute 

malnutrition (DARBO, 2018). However, no data is available on estimated resources required to 

achieve these goals. 
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6.2.2 Vocational training system  

UNESCO (2012a) defined VT as a type of non-formal education (non-AKE). It is 

institutionalized, intentional, and planned by government or private institutions. It is also an 

alternative and/or complement to AKE, which guarantees access to education for all. VT can 

be provided in short courses, workshops, or seminars.  

In 1965, the first secondary VET school was established in Khartoum to enhance employed 

worker skills. Since then, eleven VET schools or centers were established across the country. 

Most of these centers were built in collaboration between the Sudanese government and 

international governments (e.g., South Korea and Germany) or international organizations (e.g., 

the World Bank and the International Labour Organization). These centers provide 

apprenticeship programs to primary graduates as well as VT short courses to individuals to 

upgrade their skill levels.  

Similar to other developing countries, VT plays a marginal role in the Sudan. The labor survey 

in 2011 indicates that less than 2% of the workforce is holding VT certificates (Ibrahim et al., 

2014). Moreover, most of VT centers are located in urban areas and provide training programs 

only for manufacturing and services activities, with the majority of them being located in 

Khartoum State. The state ministry of labor is in charge of VT in the country.  

According to Ibrahim et al. (2014), VT has failed to meet labor market requirements because 

of low financial resources, non-updating trade testing, lack of learning materials, and 

technology constraints95.  

6.3 Funding the education and training system 

The funding of the ET system in the Sudan is allocated on two administrative levels, namely; 

a) federal and b) states and localities (mahalyas). The federal government is in charge of both 

tertiary and secondary VE cycles. Primary, secondary non-VE, and VT are decentralized to the 

states (World Bank, 2012). States receive transfers from the federal government and distribute 

them across localities according to their financial requirements. Localities are responsible for 

allocating the received budgets across various social services, including ET (expect tertiary and 

secondary VE cycles). 

                                                
95 A trade test is a test used to evaluate the skill and proficiency level of a person in any occupation. 
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States rely heavily on the federal transfers to provide social services, limiting their fiscal 

autonomy (UNESCO, 2018a). After the separation of South Sudan (2011), these federal 

transfers have been significantly decreased. At the same time, States are not able to finance 

themselves to compensate for this shortage (Adam, 2013), especially those with low economic 

growth or conflicts. Consequently, ET expenditure has considerably decreased compared to pre-

separation periods, constraining the ET system expansion in the Sudan. 

Figure 6-2 offers a cross-country comparison of ET outlays as a share in total government 

outlays and GDP for the year 2015 for selected African countries. The figure illustrates that the 

percentage of ET spending of the total government budget was highest in Ethiopia, which 

accounted for more than 25%, followed by Ghana (23.8%), Kenya (16.7%), Rwanda (12.5%), 

and Uganda (12.1%). Compared to other countries (except South Sudan), the Sudan spent least 

on ET as a share of its total government expenditure and GDP at market prices with a value of 

11.2% and 1.0%, respectively (FMoGE, 2019). The low government expenditure on the ET 

system negatively affects ET standards in the Sudan (Adam, 2013; World Bank, 2012).  

A comparison across spending on ET levels in selected African countries in 2015 showed that 

spending differs across ET levels and selected countries (

 

Figure 6-3). Lack of symmetry between ET levels and countries likely drives differences in 

allocation of ET expenditure. 
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Figure 6-3 shows that the Sudan's expenditure on ET was proportionally higher for primary 

education (50%) in favor of secondary and tertiary education. About 23% of the ET budget is 

allocated to tertiary education, followed by secondary non-VE (17%) (FMoGE, 2019)96. The 

Sudan has spent only 10% of the ET budget on secondary VE (9%) and VT (1%). 

In contrast, Ethiopia spent the largest proportion of its total ET budget on tertiary education 

(51%) due to the construction of the third generation of universities (

 

                                                
96 In 1989, there were only three universities in the Sudan, namely: The University of Khartoum, the University 

of Gezira, and the University of Juba (Ebaidalla, 2018). During the 1990s, tertiary education was expanded 
by establishing 28 universities. 
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Figure 6-3). Only Rwanda spent more than 10% of its ET budget on the VET system (André et 

al., 2010). 

 

Figure 6-2: Education and training expenditure across selected African countries in the year 2015 

Source: Author's calculations based on World Bank (2018) and FMoGE (2019). 
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Figure 6-3: Allocation of education and training expenditure across different cycles in selected African 

countries in the year 2015 

Source: Author's calculations based on World Bank (2018) and FMoGE (2019). 

A more in-depth look at the distribution of ET expenditure across different cost elements shows 

that compensation of employees (teachers and non-teaching staff salaries) represents the largest 

share of the total recurrent ET expenditure, accounting for more than 60% (FMoFEP 2016). 

The lowest share of ET expenditure is allocated to commodities and services costs.   

The insufficient spending on ET is compensated for by high private household expenditure. To 

make up for the shortfalls, the parent-teacher associations often impose fees for covering daily 

school running costs (direct cost paid by private households). These running costs include 

school maintenance, water and electricity, and supplementary teacher salary payments (Elhaj 

2017; World Bank 2012). Nevertheless, there are no official records of such fees, which may 

vary across states, types of school or college, etc. 

According to the World Bank (2012), private household expenditure covers a large share (56%) 

of school running costs for primary education97. In 2016, households covered about 16% of the 

Sudan's total primary education expenditure (FMoGE, 2019)98. Payments per student are 

                                                
97 In this analysis, private household expenditure on education refers to household out-of-pocket payments on 

education. The latter term is used in the ET literature.  
98 In the 2016 SAM, the school running costs for ET are included as value-added taxes paid by private 

households. For each ET sector, the school running cost represents 16% of total household demand value for 
ET.  
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relatively high for secondary education compared to primary education. In addition to the 

imposed fees, other costs are sponsored by parents, including costs of school requirements 

(uniforms, notebook, etc.), examination fees, transportations, and food (UNESCO, 2012b). 

Private household expenditure for AKE represents 2% - 6% of total household expenditure, 

varying across locations (Author's calculations based on CBS (2017), FMoFEP (2017), and 

World Bank (2012)). 

Finally, many empirical studies on dropouts in the Sudan (Adam, 2013; Fincham, 2018; World 

Bank, 2012) show that poor and rural households spend more on ET as a share of their income 

than non-poor urban households. Consequently, high private costs create a barrier to ET, 

particularly for the poorest households and families with many children. 

6.4 Modeling education and training system 

This section provides a general overview of STAGE-Edu used for analyzing the proposed ET 

policies. It also explains the data sets used for calibrating the model. Finally, it lays out the 

simulation design as well as the closure rules.  

6.4.1 Model specifications  

The theoretical framework of STAGE-Edu has been introduced in Chapter 4. The model 

accounts for optimal behavior of consumer and producer given current prices, preferences, and 

endowments in each given period. Consumer demand is modeled using a Stone-Geary utility 

function, and production is modeled using a combination of CES and Leontief production 

functions. Factors of production are combined using a six-stage production structure, reflecting 

different levels of substitutability99. The physical and human capital stock is updated 

endogenously, considering economic decisions of various agents.  

Moreover, STAGE-Edu endogenizes ET decisions and choices based on different socio-

economic standards100. Government expenditure on ET services is exogenous. The structure of 

the ET system in STAGE-Edu is consistent with the 2016 SAM structure for the Sudan. 

                                                
99 For more information about the production structure adopted in STAGE-Edu, see Chapter 4, section 4.2.  
100 In this analysis, ET standards include: (1) ET quality, (2) wages premium, and (3) direct cost of ET. These 

standards are selected based on empirical studies (see Chapter 5, section 5.8). 
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6.4.2 Data 

For this analysis, the SAM used as a benchmark for STAGE-Edu is the one discussed in 

Chapter 5. It consists of four AKE cycles, namely: a) primary education, b) secondary non-VE, 

c)  secondary VE, and d) tertiary education, and e) VT. Labor is disaggregated, consistent with 

the structure of the ET system. Non-SAM data used in this chapter, which includes employment 

data, ET outputs, and population, are presented in Chapter 5. Besides, elasticity values used in 

this analysis are those listed in Tables 5-13 to 5-15 in Chapter 5. 

6.4.3 Scenario design 

This analysis uses STAGE-Edu to provide a comprehensive analysis of the potential economic 

impacts of enhancing the ET system in the Sudan. It also explains the mechanisms through 

which these ET policies influence economic growth and income distribution in the economy. 

This section provides a description of a baseline scenario and the counterfactual scenarios. It 

starts by defining the baseline scenario used as the benchmark equilibrium. Thereafter, it 

discusses the counterfactual scenarios, decreasing the school running costs for private 

households. It ends with a full description of the implemented closure rules.  

6.4.3.1 Baseline scenario 

The baseline scenario plays a critical role in interpreting and quantifying policy experiment 

results, serving as a benchmark for comparison with alternative counterfactual scenarios. In 

dynamic CGE models, the baseline scenario is usually a long-run growth scenario designed to 

capture the development of economic variables at the macro and sectoral levels over a set of 

time periods. The baseline scenario establishes a plausible growth trajectory for the economy 

under consideration, considering the demographic and technological changes that are based on 

projected trends. 

In this study, the baseline scenario defines a trajectory of the Sudanese economy for the period 

2016 to 2050, using recent projections from the International Monetary Fund (2018) and the 

World Bank (2018). This scenario is developed by utilizing the recursive dynamic version of 

STAGE-Edu, with no specific changes to ET policies. 
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6.4.3.2 Counterfactual scenarios 

Four counterfactual scenarios are designed to explore the potential impacts of alternative 

expenditure policies on the ET system in the Sudan. They reflect the national five-year 

education sector strategic plan's objective to decrease dropout rates from compulsory (primary 

and secondary) education levels. The counterfactual scenarios correspond to different measures 

for decreasing private household expenditure on AKE and VT to depict their medium- to long-

run implications on economic growth, human capital accumulation, and household welfare. 

In each counterfactual scenario, direct costs paid by private households for ET services are set 

to decrease annually by 1% of the GDP over the shock period 2021 – 2025101. This means that 

around SDG 46.6 billion are added in order to reduce private household expenditure on ET 

during the policy implementation period102. This additional budget is equivalent to almost 

double than total private household expenditure on ET during the same period in the baseline 

scenario103. 

This policy aims at improving the quality of ET services provided by existing schools rather 

than building new ones. Government subsidies the private household demand for ET services 

by decreasing their private expenditure on ET. Schools receive the additional budget to fill the 

shortage in their government spending. As a consequence, the parent-teacher associations 

remove fees for covering daily school running costs. This additional budget is usually spent 

differently across schools according to their needs.  

The additional spending is financed by increasing the sales taxes (tax replacement approach)104. 

This means reducing private household expenditure on ET services between 2021 and 2025 is 

compensated for by rising up the sales tax payments over the policy implementation period. 

Moreover, the additional spending on the ET system is allocated in four different ways across 

                                                
101 Private household expenditure on ET represents direct costs paid by private households for ET, which can be 

also called the annual school running costs. This expenditure is included in the 2016 SAM for the Sudan as 
value-added tax payments paid by households on ET. Value-added tax for a specific commodity or service is 
a consumption tax imposed by the government on commodities and services purchased by households. 

102 Average (official) exchange rate for 2016 is: US$1= 6.5 SDGs (CBS, 2017). 
103 In the baseline scenario, total value-added taxes on ET paid by private households during the policy 

implementation period (2021-2025) is SDG 25.1 billion. 
104Sale taxes are paid for agricultural products, industrial products, private services, and transport services. In 

contrast, value-added taxes are paid for ET sectors and health sector. The value-added tax payments on health 
services are held constant in all counterfactual scenarios. For more information, see Appendices. 
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ET cycles, as shown in Figure 6-4. After 2025, this policy is abolished over the rest of the 

simulation period.  

In the first counterfactual scenario (PRM), all additional spending is devoted to primary 

education, decreasing private household expenditure on primary education between 2021 and 

2025. 

In the second counterfactual scenario (SCND), 60% of the additional spending is allocated to 

secondary non-VE, and the rest goes to secondary VE. This allocation is conducted based on 

each cycle share in total private household expenditure on secondary education in the base year. 

In the third counterfactual scenario (NTERY), 42% of the additional spending is allocated to 

primary education, and the rest goes to secondary education, based on their share in total value-

added payments on primary and secondary cycles in the base year.  

The fourth counterfactual scenario (AKEVT) is designed sequentially, based on the previous 

scenario (NTERY). 15% of the additional budget is allocated to tertiary education and 10% to 

VT. This 25% is deducted from the budget allocated to below tertiary education cycles in the 

'AKEVT' scenario. This allocation aims to simulate the effects of expanding tertiary education 

and VT in decreasing dropouts from primary and secondary education. 
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Figure 6-4: Average private household expenditure (value-added tax) on ET (SDG billion) by cycle under the baseline and counterfactual scenario between 2021 

and 2025 

Source: Author's calculations.  
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6.4.3.3 Closure rules 

The baseline and counterfactual scenarios are generated under the same set of closure rules. 

These closures include a foreign balance closure, a macro closure, a government closure, and a 

factor market closure. The closure rules are chosen, reflecting the characteristics of the 

Sudanese economy. 

The foreign balance closure is established by fixing the foreign balance account and leaving the 

exchange rate endogenous. This means that the real exchange rate is adjusted to equilibrate the 

inflow and outflow of foreign exchange by influencing the prices and quantities of imports and 

exports. 

The model follows a savings-driven-neoclassical approach, which means that the investment 

level is constrained by the availability of aggregate savings in the economy, including external 

savings. In other words, the changes in the stock of capital and output are mainly dependent on 

the changes in net savings. 

The chosen government closure consists of fixing government expenditures as a share of GDP, 

and the budget equilibrium is maintained at its initial base-run level. This is conducted by 

adjusting the sale tax endogenously in a multiplicative way. 

Furthermore, the consumer price index is chosen to act as a numéraire. Consequently, all 

changes in prices are to be understood as changes relative to the consumer price. All transfers 

among domestic institutions and between the national economy and the foreign economy are 

held constant. 

Market clearing for labor is defined with full employment and mobility across sectors. In this 

specification, wage rates are flexible. As mentioned above, the accumulation of economically 

active population is specified by the ET levels. The accumulation of capital is sectoral. Within 

one period, the total capital stock is fixed and equated to the previous period's stock plus the 

new investment, minus capital depreciation. The new capital investment is allocated across 

different sectors by comparing its sectoral profit rate to the economy-wide average profit rate 

(Thurlow, 2004). 
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6.5 Results and discussion 

The baseline scenario is developed using a set of current data projections. Between 2016 and 

2050, the Sudanese economy's growth path grows at 4.7% per year over the simulation period. 

Consequently, total factor productivity (TFP) in each production activity is endogenous, 

assuring that GDP reaches its projected level105. Furthermore, the population is expected to 

grow at an average rate of 2.4% per year.  

Table 6-1 illustrates the cumulative growth of the macroeconomic indicators in the baseline 

scenario. Real government consumption grows annually at a constant growth rate across all 

government functions by 3.9%. Besides, other real aggregates grow at an average annual growth 

rate between 4.9% and 3.9%. The average annual growth rate of production sectors ranges 

between 5.1% and 3.7%. The exchange rate depreciated over time, reflecting the increase in the 

trade deficit. 

Household income grows at an annual rate of 4.8%, mainly driven by the evolution of the labor 

force. The income of enterprises increases at a growth rate of 4.5% due to capital income 

growth. 

Table 6-2 illustrates the cumulative annual growth rates (2016 to 2050) of enrollment across 

different ET cycles in the baseline scenario. Primary and secondary enrollment drops by 1.7%. 

As a consequence, Business-as-Usual increases the number of out-of-school children by 

5.0%106. Enrollment at the tertiary cycle rises by 1.1%, which is accompanied by a growth of 

dropouts107. In contrast, VT enrollment increases by 5.8%108. 

The changes in ET outputs significantly influence the supply of labor categories (Table 6-3). 

The supply of uneducated and untrained labor grows at an annual growth rate of 2.7%, driven 

by the decrease in primary enrollment. In contrast, the aggregate supply of labor with AKE 

certificates (primary, secondary, and tertiary education) increases by 2.1%. 

                                                
105 For counterfactual scenarios, the TFP adjustment variable is fixed, while the GDP level is flexible.  
106 In 2016, the total number of out-of-school children is 3.7 million persons, representing 35.8% of total 

population who aged between 6 and 14 years (Author's calculations based on UIS 2018, World Bank (2018) 
and UNESCO 2018a). 

107 For the first grade of tertiary education, the growth of the wage premium determinant motivates secondary 
graduates to join the cycle. Nevertheless, this increase does not translate into the growth of enrollment in the 
other two grades. This is because the high direct costs of tertiary education rise tertiary dropouts. 

108 The decrease in primary and secondary enrollment increases the of population aged between 14 and 65 years 
old outside the ET system. 
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Looking at the growth rate of labor supply across different acknowledged educated labor 

categories shows that the supply of primary educated labor drops (-1.6%), caused by the 

decrease in primary enrollment and graduation. Besides, the supply of secondary educated labor 

(vocationally or not) increases by 3.3%, resulting from increased tertiary dropouts. The growth 

in tertiary cycle graduation increases tertiary educated supply labor (2.9%). 

Table 6-1: Initial value (SDG million) and cumulative annual growth rate (%) of macroeconomic 

indicators in the baseline scenario 

 Total in the initial year  
(SDG million) 

Cumulative annual  
growth rate (%) 

(2016 -2050) 

% GDP,  
2016 

Real private consumption 505.51 4.89 74.19 

Real government consumption 63.38 3.87 9.38 

Real GFCF 142.34 3.94 21.06 

Real absorption 715.39 4.64 105.24 

Real GDP from expenditure side 675.83 4.72 100.00 

Real imports 54.25 4.15 8.03 

Real exports 18.86 6.13 2.79 

Exchange rate 1.00 -0.14 0.00 

Quantity of gross outputs 958.86 4.72 139.98 

Agriculture 282.37 4.68 41.22 

Industry 201.22 5.12 29.37 

Private services 198.63 4.67 29.00 

Transport services 120.29 4.83 17.56 

Acknowledged education services 33.56 3.73 1.22 

Vocational training services 5.54 4.72 0.81 

Other government services 117.26 4.29 5.71 

Returns to labor services 262.17 5.11 38.78 

Gross operating surplus 384.16 4.48 56.83 

Land income 4.72 4.26 0.70 

Household income 578.78 4.75 85.62 

Enterprise income 326.83 4.48 48.35 

Government income 57.20 5.14 8.46 

Domestic savings 96.06 3.96 21.67 

Household savings 64.36 4.84 9.52 

Enterprise savings 43.04 4.48 6.37 

Government savings -11.34 0.00 -1.68 

Foreign savings 50.44 -0.14 7.46 

Source: Author's calculations based on simulation results. 
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Table 6-2: Initial number (thousand persons) and cumulative annual growth rate (%) of enrollment for 

education and training cycles in the baseline scenario 

 
Enrollment 

(thousand students) 

Cumulative annual 
growth rate (%)  

(2016 -2054) 
Primary education  4,762.21 -1.15 

Secondary non-VE  1,633.71 -3.53 

Secondary VE 292.89 -2.98 

Tertiary education  423.01 1.10 

Vocational training  48.20 5.80 

Total 7,160.02 -1.21 

Out-of-school children, age between 6-14 years 3,731.47 4.95 

Source: Author's calculations based on simulation results. 

The supply of vocationally trained labor grows at an annual growth rate of 9.6%. This growth 

is driven by the increase in VT enrollment and graduation. 

Table 6-3: Initial quantity (thousand persons) and cumulative annual growth rate (%) of different labor 

categories in the baseline scenario 

 
Labor supply 

 (thousand persons) 

Share in  
total labor supply 

(%) 

Cumulative annual  
growth rate (%)  

(2016 -2054) 
Primary educated labor 3,140.85 33.98 -1.60 

Secondary non-VE labor 1,612.96 17.45 2.02 

Secondary VE labor 201.30 2.18 7.44 

Tertiary educated labor 761.38 8.24 2.92 

Vocationally trained labor 122.18 1.32 9.64 

Uneducated and untrained labor 3,405.57 36.84 2.71 

Total 9,244.25 100.00 2.38 

Source: Author's calculations based on simulation results. 

The remainder of this section presents the key results of the four counterfactual scenarios. It 

explains the effects on ET outputs. Then, it discusses the effects on domestic production. This 

is followed by effects on factor markets, welfare, distributional effects, and macroeconomic 

effects. A sensitivity analysis in the last part of this section reveals to what extend the selected 

instruments for financing the implemented policy influence simulation results. 
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6.5.1 Domestic production 

Table 6-4 illustrates the impacts of different scenarios on the quantity of ET production. The 

'PRM' scenario decreases private household expenditure on primary education (Figure 6-4), 

which increases household demand for this service. As a result, the production of primary 

education goes up by 48.4% over the policy implementation period109. 

The growth of primary education sector is accompanied by a considerable increase in demand 

for production factors. Consequently, the factor prices rise up (Table 6-7), increasing the 

production costs of all other sectors. Moreover, the implemented policy is financed by 

increasing the sale taxes on non-ET products110. The overall effect is a significant drop in final 

demand for non-primary education products (non-shocked sectors).  

Between 2021 and 2025, the 'PRM' scenario decreases the production of all other sector 

production between 4.0% and 1.0% compared to the baseline scenario. Variations in the cost 

structure of these sectors can explain the differentials in their growth rates over the policy 

implementation periods. For instance, intensive-labor sectors (other ET sectors, infrastructure, 

private services, and other government) are more hurt by this policy more than capital-intensive 

sectors (agriculture, industry, transport services, and health). Furthermore, secondary non-VE 

and tertiary education sectors, which is intensive tertiary educated labor, drops more than other 

sectors. This is driven by a significant increase in their producer prices. In contrast, agricultural 

production, which is a capital-intensive sector, falls lower than other sectors. This can be 

attributed to a slight decrease in household demand (less elastic product). 

Between 2021 and 2025, the 'SCND' scenario enhances secondary education production 

(vocationally or not) by 36.2% compared to the baseline scenario. In the 'NTERY' scenario, 

below tertiary education outputs increase by 17.4%. Likewise, the 'AKEVT' scenario rises the 

outputs of all ET sectors by 9.1%. These effects on ET outputs are according to expectation. 

For the non-shocked sectors, the effects of other counterfactual scenarios are similar to the 

'PRM' scenario. 

                                                
109 In this analysis, private household expenditure on ET services refers to the direct costs paid by households on 

ET. These costs are used to fill the gap in government expenditure on ET. 
110 Sale taxes are paid for agricultural products, industrial products, private services, and transport services. 
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Table 6-4: Effects on quantity of sectoral domestic production between 2021 and 2050, percentage change compared to the baseline scenario  

    Total in the 
initial year 

(million 
units) 

 PRM    SCND   NTERY   AKEVT 

    
 Short 

-run 
Medium 

-run 
Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

   (%) (%) (%)  (%) (%) (%)  (%) (%) (%)  (%) (%) (%) 

Non-education and training sectors                  

Agriculture 
 

282.37  -1.31 -0.48 0.35  -1.18 -0.39 0.09  -1.14 -0.39 0.21  -1.13 -0.41 0.10 

Industry 
 

201.22  -2.34 -0.94 0.15  -2.19 -0.80 -0.01  -1.72 -0.56 0.07  -2.25 -0.84 0.00 

Private services  
 

198.63  -2.52 -0.99 0.25  -2.19 -0.77 0.04  -2.20 -0.81 0.16  -2.15 -0.80 0.06 

Transportation services 
 

120.29  -2.20 -0.82 0.24  -2.04 -0.71 0.02  -2.01 -0.72 0.13  -2.00 -0.74 0.02 

Health 
 

26.68  -1.88 -0.75 0.30  -1.57 -0.50 0.12  -1.46 -0.51 0.24  -1.43 -0.49 0.14 

Infrastructure services  
 

19.57  -3.10 -1.22 0.40  -2.67 -0.85 0.13  -2.54 -0.88 0.30  -2.52 -0.88 0.16 

Other government services   71.01  -2.77 -1.11 0.30  -2.44 -0.83 0.07  -2.38 -0.87 0.21  -2.37 -0.86 0.09 

Education and training sectors                 

Primary education 
 

9.35  48.43 18.74 5.78  -2.66 -0.86 0.18  16.11 6.34 2.28  11.01 4.39 1.62 

Secondary non-vocational 
education  

7.31  -3.66 -1.52 0.35  36.12 14.12 4.30  18.24 7.12 2.56  12.54 4.96 1.83 

Tertiary education 
 

11.30  -3.63 -1.50 0.39  -0.84 -0.12 0.42  -1.65 -0.55 0.48  1.45 0.68 0.66 

Secondary vocational education 
 

5.61  -2.52 -1.04 0.42  36.32 14.19 3.91  18.35 7.17 2.31  12.69 5.00 1.65 

Vocational training  
 

5.54  -2.49 -0.96 0.49  -2.33 -0.84 0.23  -2.27 -0.84 0.40  13.60 5.26 1.59 

Total domestic production  958.86  -1.88 -0.75 0.30  -1.6 -0.50 0.12  -1.46 -0.51 0.24  -1.43 -0.49 0.14 

Short-run: 2021-2025; medium-run: 2021-2031; long-run: 2021-2050 

Source: Author's calculations based on simulation results. 
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Table 6-5 illustrates the growth in the prices of domestic production across different scenarios. 

Between 2021 and 2025, the 'PRM' scenario boosts primary education price by 9.7%, driven by 

a significant increase in household demand. This indicates that the growth in household demand 

is higher than the growth in primary education production. The prices of post-primary education 

and VT rise up due to a significant increase in the factor prices, especially tertiary educated 

labor (Table 6-7). The prices of other sectors (private services, health, infrastructure, and other 

government services) go up as a result of an increase in their intermediate demand by primary 

education. In contrast, the prices of agricultural, industrial and transport sectors fall due to the 

decrease in household demand (high sale tax payments). 

The effects on producer prices for other scenarios are similar to the 'PRM' scenario. However, 

the ET sectors across the scenarios are responding differently to the shocks in their price signals 

across the scenarios, depending on the sector size and the shock. For instance, primary 

education price increases at the highest rate in the 'PRM' scenario, as illustrated in Table 6-5111. 

This is because the budget allocated to the sector is larger than other scenarios, resulting in a 

significant increase in final demand. The price of tertiary education grows more in the 'PRM' 

scenario compared to other scenarios. This is driven by significant growth of demand for 

tertiary-educated labor, increasing demand for tertiary education services. In contrast, the 

'SCND' scenario boosts the prices of secondary education more than other scenarios (high 

allocated budget). The 'AKEVT' scenario rises VT price more than other scenarios (additional 

allocated budget). 

6.5.2 Factor supplies and their wage rates 

Figure 6-5 illustrates the structure of labor supply over the simulation period. The figure shows 

that there is a disparity in labor growth across labor groups and among scenarios. This variation 

is driven mainly by the changes in ET outputs (dropouts and graduates)112. 

                                                
111 Primary education is the biggest cycle in the ET system in the Sudan. About 67% of total enrolled students 

are registered in the primary cycle. 
112 The decrease in value-added on ET services improves ET standards, resulting in increasing enrollment and 

graduation. Consequently, the supply of labor categories varies under counterfactual scenarios depending on 
the structure of each scenario. 
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Table 6-5: Effects on domestic producer prices between 2021 and 2050, percentage change compared to the baseline scenario 

  PRM    SCND    NTERY    AKEVT   

    
Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

  (%) (%) (%)  (%) (%) (%)  (%) (%) (%)  (%) (%) (%) 

Non-Education and training sectors               

Agriculture 
 

-0.20 -0.13 -0.05  -0.01 -0.01 0.04  -0.19 -0.07 0.06  -0.12 -0.05 0.10 

Industry 
 

-0.54 -0.25 0.13  -0.29 -0.09 0.08  -0.09 -0.01 0.17  -0.15 -0.02 0.13 

Private services  
 

0.95 0.46 0.16  1.01 0.45 0.14  1.11 0.51 0.16  1.17 0.52 0.16 

Transportation services 
 

-1.62 -0.76 -0.14  -1.40 -0.62 -0.14  -1.23 -0.56 -0.09  -1.16 -0.52 -0.09 

Health  1.69 0.78 0.28  1.65 0.74 0.20  1.86 0.84 0.25  1.89 0.82 0.23 

Infrastructure services   3.38 1.55 0.00  3.07 1.27 0.11  3.12 1.34 0.03  3.14 1.33 0.11 

Other government services   1.87 0.87 0.23  1.83 0.80 0.22  1.94 0.87 0.23  1.99 0.87 0.24 

Education and training sectors                  

Primary education  9.67 4.53 0.39  5.77 2.45 0.11  6.90 3.07 0.12  6.52 2.81 0.16 

Secondary non-VE  6.60 3.15 0.07  8.14 3.51 0.35  7.04 3.14 0.14  6.63 2.86 0.17 

Tertiary education  6.41 3.06 0.08  5.74 2.44 0.12  5.62 2.50 0.01  5.77 2.48 0.10 

Secondary VE  5.72 2.74 0.14  6.56 2.84 0.32  5.86 2.62 0.16  5.63 2.44 0.19 

VT 
 

5.56 2.66 0.18  4.91 2.10 0.18  4.89 2.19 0.11  5.62 2.44 0.24 

Short-run: 2021-2025; medium-run: 2021-2031; long-run: 2021-2050 

Source: Author's calculations based on simulation results. 
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Between 2021 and 2025, the 'PRM' scenario decreases supply of primary educated labor by 

0.1% (Table 6-6) due to a significant increase in enrollment at secondary education levels. After 

2025, the supply of this labor group goes up, which is caused by the growth of secondary 

dropouts. 

The supply of secondary educated labor (vocationally or not) increases over the policy 

implementation period due to increased tertiary dropouts (Table 6-8). After abolishing the 

implemented policy, the supply of secondary educated labor rises gradually. This is due to the 

growth of primary graduates who enter the secondary cycles. 

Between 2021 and 2031, the supply of tertiary educated labor gradually drops (-0.2%). This is 

because the high direct costs of tertiary cycle drive up tertiary dropouts. After 2031, the increase 

in below primary graduates translates into increasing tertiary graduates who join the labor 

market. 

The supply of vocationally trained labor decreases by 0.2% over the simulation period due to 

decreasing the number of VT graduates. The supply of uneducated and untrained labor 

decreases by 0.7% over the simulation periods as a result of the increase in the number of 

enrolled students between 15 and 24 years of age. 

In the 'SCND' scenario, the expansion of secondary cycles reduces primary enrollment and 

graduation. This is translated into a decrease in the supply of primary educated labor (-0.5%) 

over the simulation period. For secondary educated labor (vocationally or not), their supply 

rises over the policy implementation period due to increased secondary graduates.  

Between 2021 and 2025, the growth in the supply of secondary educated labor is compensated 

for by a slight decrease in tertiary educated labor supply (-0.1%) (Table 6-7). After 2027, there 

is a gradual increase in the supply of tertiary educated labor, driven by the growth in the number 

of secondary graduates who pursue their studies in the tertiary cycle.  

The low number of VT graduates decreases the supply of vocationally trained labor by 0.3% 

over the policy implementation period. Simultaneously, uneducated and untrained labor supply 

increases slightly (Table 6-6). This because of a decrease in primary enrollment (Table 6-8).  

The 'NTERY' scenario improves participation in the below tertiary education cycles over the 

simulation period. Results show a decrease in the supply of primary educated labor (-0.3%) 

over the simulation period. The supply of secondary labor (vocationally or not) increases by 
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1.3%, which can be attributed to increased tertiary dropouts. Despite this increase in tertiary 

dropouts, supply of tertiary educated labor increases by (0.7%)113. Besides, the expansion of 

below tertiary education cycles reduces the supply of vocationally trained labor (-0.1%) as well 

as the supply of uneducated and untrained labor (-0.3%). 

The 'AKEVT' scenario results show an increase in participation in primary and secondary 

education over the policy simulation period (Table 6-6). This result translates into rising up 

tertiary enrollment and graduation. Consequently, the supply of tertiary educated labor 

increases gradually. This is caused by the transition of primary graduates across post-primary 

cycles. 

Besides, the 'AKEVT' scenario rises up the supply of vocationally trained labor by 1.2% over 

the policy implementation period. After abolishing the policy, the supply of vocationally trained 

labor diminishes but still positive. This can be explained due to the increase in VT graduates 

(Figure 6-5). The increase in enrollment at the ET system decreases the supply of uneducated 

and untrained labor by 0.1% over the simulation period.  

A more in-depth look at the supplies of different labor groups across four scenarios shows that 

the supply of primary educated labor drops under all scenarios. The supply of this labor category 

drops at the highest rate in the 'SCND' scenario. This can be explained by a significant rise in 

primary education costs, decreasing primary enrollment and graduation. However, the 'PRM' 

scenario drives up slightly the supply of primary educated labor in the long-run, which is driven 

by the growth of secondary dropouts. 

The supply of secondary educated labor (vocationally or not) increases under all scenarios. The 

'AKEVT' scenario increases the wage rate of secondary educated labor114. This consequence 

encourages secondary graduates to quit the tertiary cycle and join the job market115. In the other 

three scenarios, the expansion of below tertiary cycles increases tertiary education costs, 

motivating secondary graduates to join the labor market rather than entering the tertiary cycle.  

                                                
113 The expansion of the below tertiary education cycles increases direct cost of the tertiary cycle. This prevents 

secondary graduates from entering the cycle or obtaining the tertiary certificate. 
114 The growth of  the wage rate of secondary educated labor motivates secondary graduates to join the job 

market rather than continuing their tertiary education. As a result, the supply of secondary educated labor 
drops. 

115 The behavioral functions of ET decisions and its linkage to the ET standards are explained in detail in Chapter 
4. 
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Figure 6-5: Effects on labor supply, between 2021 and 2050, percentage change compared to the baseline scenario 

Source: Author's calculations based on simulation results. 
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Table 6-6: Effects on factor supplies between 2021 and 2050, percentage changes compared to the baseline scenario 

  
 

Total in 
the initial 

year 
(thousand 

units) 

 
PRM    SCND    NTERY   AKEVT  

 Short 
-run 

Medium 
-run 

Long
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

  (%) (%) (%)  (%) (%) (%)  (%) (%) (%)  (%) (%) (%) 

Primary educated labor 3,140.85  -0.13 -0.06 0.11  -0.24 -0.44 -0.54  -0.21 -0.31 -0.30  -0.14 -0.22 -0.21 

Secondary non-vocationally 
educated labor 1,612.96  0.25 0.59 1.76  0.03 0.32 0.49  0.06 0.39 1.00  0.06 0.15 0.45 

Secondary vocationally educated 
labor 201.30  0.32 0.64 2.27  0.62 1.39 1.54  0.41 1.05 1.86  0.09 0.36 0.91 

Tertiary educated labor 761.38  -0.17 -0.30 0.73  -0.09 0.17 0.60  -0.10 0.00 0.71  0.01 0.15 0.63 

Vocationally trained labor 122.19  -0.49 -0.60 -0.22  -0.31 -0.34 -0.08  -0.32 -0.37 -0.10  1.15 1.67 0.86 

Uneducated and untrained labor 3,405.57  -0.52 -0.84 -0.69  0.02 0.01 -0.01  -0.21 -0.34 -0.30  -0.14 -0.24 -0.22 

Capital 23,579.95  -0.31 -0.38 -0.09  -0.28 -0.33 -0.12  -0.27 -0.33 -0.09  -0.27 -0.33 -0.12 

Land  492.18  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 

Short-run: 2021-2025; medium-run: 2021-2031; long-run: 2021-2050 

Source: Author's calculations based on simulation results.
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The supply of tertiary educated labor and vocationally educated labor rise up in the 'AKEVT' 

scenario, driven by the decrease in the direct cost of the tertiary cycle and VT. In contrast, the 

supply of uneducated and untrained labor increases only in the 'SCND' scenario, which is caused 

by a decrease in primary cycle enrollment. 

Figure 6-6 illustrates the evolution of the total labor supply under four counterfactual scenarios. 

From 2021 until 2025, the total labor supply decreases in the 'PRM' scenario compared to the 

baseline scenario. This is a result of increasing the time allocated to schooling more than 

working. After abolishing the implemented policy, the total labor supply rises gradually due to 

the increase in ET outputs (graduates and dropouts). The peak growth in the 'PRM' scenario 

reaches in 2038, reflecting the transition of primary graduates across post-primary levels. 

Between 2025 and 2031, the 'SCND' scenario rises up the total labor supply more than other 

scenarios. This can be explained by the drop in primary and tertiary enrollment. Consequently, 

the supplies of uneducated and untrained labor and secondary educated labor (vocationally or 

not) increase. However, after 2031, the total labor supply grows at the lowest rate due to the 

significant decrease in ET outputs.  

   

Figure 6-6: Effects on total labor supply and total enrollment between 2021 and 2050, percentage change 

compared to the baseline scenario 

Source: Author's calculations based on simulation results. 
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After 2028, the 'NTERY' scenario increases the aggregate labor supply gradually as a result of 

increasing the supply of secondary educated labor (vocationally or not). Similarly, the growth 

of ET graduates boosts the total labor supply in the 'AKEVT' scenario after 2028.  

Looking at the effects across various scenarios shows that the 'PRM' scenario increases the total 

labor supply more than other scenarios. This can be attributed to spending all additional budget 

on primary education attracts more students to AKE than other scenarios. However, this 

increase is accompanied by a high rate of tertiary dropouts, rising up the supply of secondary 

educated labor significantly (Table 6-6). 

Table 6-7 shows changes in wage rates for production factors across scenarios. The 'PRM' 

scenario boosts the wage of tertiary educated labor over the simulation period. This is driven 

by the decrease in tertiary graduates and the significant increase in demand in the job market.  

Between 2021 and 2031, the wage rates of other labor categories goes up (Table 6-6). For 

secondary educated labor (vocationally or not), their prices increase due to a significant increase 

in their demand in the job market. This means that the growth in demand for secondary educated 

labor is higher than the growth in graduation from the secondary cycles. The wage rates of other 

labor categories (vocationally trained labor, primary educated labor, uneducated and untrained 

labor) rise over the policy implementation period. This is driven by a decrease in their supply. 

In the long-run, the increase in ET outputs drives down the wage rates of all non-tertiary 

educated labor groups. For other scenarios, the effects on labor prices are similar to those under 

the 'PRM' scenario. 

A closer look at the capital market across different scenarios shows that the supply of capital 

factor decreases in all scenarios (Table 6-7). This reduction is driven by increased schooling 

time. In contrast, the reduction in capital supply increases new capital price in all scenarios over 

the simulation period.   

Between 2021 and 2031, the land price drops in all scenarios. This can be attributed to 

decreasing the production of the agricultural sector that intensively used the land factor (less 

demand)116.

                                                
116 In all scenarios, the value-added taxes (direct cost) on ET services are decreased, which financed by the 

increase in sale tax on agricultural products, industrial products, private services, and transport services (tax 
replacement approach).  
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Table 6-7: Effects on factor wage rates between 2021 and 2050, percentage change compared to the baseline scenario  

  

Value in 
the initial 

year 
(SDG 

million) 

 
PRM    SCND   NTERY   AKEVT  

 Short 
-run 

Medium
-run 

Long
-run 

 Short 
-run 

Medium
-run 

Long
-run 

 Short 
-run 

Medium
-run 

Long
-run 

 Short 
-run 

Medium
-run 

Long
-run 

 (%) (%) (%)  (%) (%) (%)  (%) (%) (%)  (%) (%) (%) 

Primary educated labor 8.28  0.60 0.23 -0.24  0.63 0.31 0.16  0.79 0.36 0.02  0.84 0.39 0.08 

Secondary non-vocationally 
educated labor 47.95  1.23 0.21 -1.25  1.26 0.28 -0.29  1.36 0.31 -0.68  1.48 0.53 -0.29 

Secondary vocationally 
educated labor 42.94  1.16 0.21 -1.39  1.04 -0.04 -0.60  1.22 0.12 -0.93  1.39 0.45 -0.42 

Tertiary educated labor 164.25  7.24 3.49 0.13  6.29 2.69 0.12  6.20 2.78 0.02  6.13 2.64 0.07 

Vocationally trained labor 37.82  1.33 0.59 -0.38  1.25 0.49 -0.03  1.37 0.56 -0.17  1.02 0.06 -0.34 

Uneducated and untrained 
labor 6.37  0.60 0.38 -0.03  0.52 0.19 0.05  0.74 0.35 0.04  0.79 0.39 0.10 

Capital 15.31  0.82 0.40 0.31  0.96 0.48 0.24  1.12 0.55 0.31  1.17 0.53 0.24 

Land  9.59  -1.48 -0.62 0.36  -1.14 -0.39 0.13  -0.89 -0.31 0.29  -0.80 -0.28 0.19 

Short-run: 2021-2025; medium-run: 2021-2031; long-run: 2021-2050 

Source: Author's calculations based on simulation results.
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6.5.3 Outputs of the education and training system 

In this analysis, a decision to study or quit school is determined mainly by three key 

determinants or standards: (a) the direct cost of ET, (b) the quality of ET, and (c) the wage 

premium. The decrease in private household expenditure on ET services decreases the direct 

cost of these services significantly, rising ET demand by households. This increase in ET 

demand translates into a higher ET quality compared to the baseline scenario117. Besides, the 

ET system expansion improves the wage premium standard, particularly for those with tertiary 

education certificate. Consequently, the implemented policy improves the ET standards, 

motivating students to continue studying and obtaining their certificates118. This increases the 

total enrollment and graduation significantly over the policy implementation period. 

Nevertheless, this increase differs across four counterfactual scenarios, depending on their 

shock structure. 

In the following sub-sections, the effects of various counterfactual scenarios on enrollment, 

dropouts, and graduation are discussed separately. 

6.5.3.1 Enrollment 

According to UNESCO (2018c), an enrolled student is an individual that has officially 

registered with the school and attending one of ET programs. This student can be either a 

promoted student, a repeater, or a new entrant for the first year in the ET system. Based on this 

definition, total enrollment for each cycle during the school year equals new entrants in the 

current year plus promoted students and repeaters from the previous year119. 

Figure 6-7 shows the evolution of enrollment across different ET cycles. Unsurprisingly, 

between 2021 and 2025, the implemented policy effects translate into a higher number of 

enrolled students in primary education (2.7%) in the 'PRM' scenario than in the baseline 

scenario (Table 6-8). This growth is caused by improving primary cycle standards. After 2025, 

                                                
117The improvement in ET quality determinant diminishes over the policy implementation period. This is 

because of the growth of ET enrollment. The behavioral function of ET quality standard is presented in 
Chapter 4. 

118 In STAGE-Edu, direct costs of ET are tuition fees and school running costs, which does not include the 
additional costs incurred for households like uniforms, transport, and textbooks, etc.  

119 For information, see Chapter 4, section 4.3.  



Chapter 6 

139 

primary education enrollment decreases gradually due to the abolishment of the implemented 

policy. The effects of the policy are faded out after 2031, as shown in Figure 6-7120.  

The enrollment growth at the primary level positively affects participation at the secondary 

levels after 2021, as shown in Figure 6-7121. From 2021 until 2025, secondary cycle enrollment 

(vocationally or not) increases by 4.6%. Tertiary cycle enrollment falls by 0.4% during the 

policy implementation period, caused by increasing the cost of tertiary education122. Between 

2026 and 2039, enrollment at the tertiary cycle increases by 2.8% due to increasing the 

secondary graduates entering the tertiary cycle (low cost and high wage).  

After abolishing the implemented policy, enrollment at post-primary cycles decreases but is still 

positive until 2039, as shown in Figure 6-7. This is because of the transition of primary 

graduates throughout the post-primary cycles.  

The increase in primary and secondary enrollment decreases the population aged 14 years old 

and above outside the ET system. Consequently, VT enrollment falls by 2.1% in the short-run 

(Figure 6-7), driven by a decrease in entrants from outside the ET system123. 

In the 'SCND' scenario, secondary education expansion increases demand for production 

factors, particularly tertiary educated labor. Consequently, the production cost for other 

activities, including other ET sectors, increases (economy-wide effect) in the short-run. 

Consequently, primary enrollment decreases by 0.3% (Figure 6-7) due to the higher costs of the 

primary cycle compared to the baseline scenario. 

At the aggregate level, in the 'SCND' scenario, participation in secondary education decreases 

between 2021 and 2025, as shown in Figure 6-6. This is mainly caused by decreasing primary 

education participation and graduation. Enrollment at the secondary non-VE cycle falls more 

compared to the secondary VE cycle. This can be explained by the significant increase in the 

cost of the secondary non-VE cycle. This consequence motivates primary graduates to enter the 

secondary VE cycle rather than the secondary VE cycle. Nevertheless, this effect fades out after 

abolishing the implemented policy due to increase primary graduates (Figure 6-7). 

                                                
120 Students need 8 years to graduate from the primary cycle, e.g., those who enter in 2025 graduate in 2031.   
121 The primary cycle is the largest cycle in the ET system, where contains 66.5% of total enrollment. 
122 For the tertiary cycle, the cost standard rises more than the wage premium, increasing tertiary dropouts. 
123 In this analysis, short-run term refers to period between 2021-2025. 
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Figure 6-7: Effects on enrollment at different ET cycles between 2021 to 2050, absolute change compared to the baseline scenario (thousand students) 

Source: Author's calculations based on simulation results. 
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Also, the 'SCND' scenario increases demand for tertiary educated labor substantially. 

Subsequently, the tertiary cycle wage premiums standard improves, inducing more secondary 

graduates to pursue their education at the tertiary cycle. As a result, tertiary enrollment increases 

by 1.9% in the short-run (Table 6-8). However, after 2025, enrollment at the tertiary cycle falls 

gradually due to reduced secondary graduates. Besides, VT enrollment decreases by 1.1% over 

the policy implementation period due to decreasing entrants from outside the ET system (Figure 

6-7). This consequence is caused by increasing cost of VT. 

In the 'NTERY' scenario, enrollment at the primary and secondary education levels rise between 

3.5% and 1.0% in the short-run (Table 6-8). This result is caused by the decrease in direct costs 

paid by private households for primary and secondary education services (shock effect). A 

closer look at the enrollment across the secondary cycles shows that enrollment at the secondary 

VE cycle is higher than that for the secondary non-VE cycle124. This indicates that reducing the 

cost of secondary VE cycle attracts more primary graduates to enter the secondary VE cycle 

than the secondary non-VE cycle125.  

The 'NTERY' scenario boosts tertiary cycle enrollment by 1.0% in the short-run (Table 6-8). 

This increase is a cascading effect of increasing the number of secondary graduates. Besides, 

VT enrollment falls by 1.3% in the short-run. This is caused by the expansion of primary and 

secondary cycles, increasing the VT cost. 

In addition to the below tertiary cycles, the 'AKEVT' scenario increases enrollment at the tertiary 

education (0.7%) and VT (5%) over the policy implementation period (Table 6-8). The increase 

in enrollment at the ET cycles is accompanied by a growth in ET graduates, caused by the 

significant reduction in the ET costs.  

                                                
124 In absolute terms, 292.9 thousand students are enrolled in the secondary VE cycle, which represents 15.2% of 

total secondary enrollment. 
125 The implemented policy aimed at improving quality of the existing schools not at building additional schools. 
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Table 6-8: Effects on education and training outputs between 2021 and 2050, percentage changes compared to the baseline scenario 

  

 Total in the initial 
year  

 (thousand persons) 

 PRM    SCND    NTERY  AKEVT  

 
 Short

-run 
Medium

-run 
Long 
-run 

 Short 
-run 

Medium
-run 

Long 
-run 

 Short 
-run 

Medium
-run 

Long 
-run 

 Short 
-run 

Medium
-run 

Long
-run 

   (%) (%) (%)  (%) (%) (%)  (%) (%) (%)  (%) (%) (%) 
Enrollment   

                 

Primary education  4,762.21  2.67 2.41 0.76  -0.26 -0.14 0.01  1.07 1.03 0.36  0.75 0.76 0.27 

Secondary non-VE  1,633.71  6.08 8.26 3.02  0.16 -0.38 0.08  2.56 3.40 1.39  1.76 2.43 1.04 

Secondary VE  292.89  6.29 8.35 3.04  -1.20 -1.00 -0.18  1.80 2.94 1.21  1.18 2.07 0.89 

Tertiary education  423.01  -0.35 2.74 2.34  2.08 2.60 1.13  1.20 2.95 1.80  0.90 2.06 1.31 

VT  48.20  -3.51 -1.60 -0.09   -2.04 -0.79 -0.03   -2.45 -1.06 -0.02   2.03 0.88 0.43 

Graduates                    

Primary education  1,278.98  4.01 6.32 2.19  -0.35 -0.39 0.03  1.50 2.55 1.00  1.03 1.83 0.74 

Secondary non-VE  813.13  0.63 5.26 2.69  2.38 1.34 0.61  1.86 3.23 1.61  1.28 2.31 1.20 

Secondary VE  117.53  0.73 5.35 2.72  1.55 0.56 0.30  1.40 2.75 1.43  0.95 1.95 1.05 

Tertiary education  137.36  -0.48 -0.51 1.59  -0.87 1.13 0.73  -0.67 0.57 1.22  0.50 1.01 1.10 

VT  33.36  -2.35 -1.26 0.07   -1.46 -0.73 0.01   -1.65 -0.87 0.08   1.59 0.97 0.49 

Dropouts  
                 

Primary education  1,181.03  -20.54 -10.62 -4.53  1.54 7.31 -0.15  -8.03 -4.33 -2.07  -5.62 -3.18 -1.55 

Secondary non-VE  457.44  12.69 17.66 11.32  -24.14 26.14 -14.34  -10.90 -8.29 -5.06  -7.83 -6.12 -3.73 

Secondary VE  82.01  14.50 18.93 15.35  -27.69 75.45 -22.41  -14.23 -12.89 -10.31  -10.37 -9.56 -7.65 

Tertiary education  126.90  -0.12 3.40 3.60  2.52 9.69 1.64  1.48 3.61 2.70  0.26 1.92 1.62 

VT   10.28   -4.16 -2.40 -0.44   -2.13 -4.84 -0.13   -2.80 -1.61 -0.23   1.79 0.95 0.38 

Short-run: 2021-2025; medium-run: 2021-2031; long-run: 2021-2050 

Source: Author's calculations based on simulation results. 
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6.5.3.2 Graduation 

A graduate is a student who successfully finishes the final year of a given ET cycle. Similar to 

enrollment, a graduation decision is determined according to three ET determinants (ET quality, 

ET cost, and wage premium). Overall, improving ET standards increases the number of 

graduates. 

Table 6-8 illustrates the effects on the development of ET graduates. The 'PRM' scenario boosts 

graduates of primary education (5.1%) between 2021 and 2031. This increase translates into 

boosting secondary graduates from 2025 until 2036. After 2030, tertiary graduates rise, driven 

by the growth of below tertiary graduates between 2027 and 2037. In contrast, graduates from 

VT decrease over the policy simulation periods. This is because of the reduction in VT 

enrollment.  

In the 'SCND' scenario, the decrease in enrollment in primary education translates into 

decreasing primary graduates between 2021 and 2031. In contrast, secondary graduates 

(vocationally or not) increase slightly over the policy implementation period due to decreased 

secondary dropouts. The graduates from tertiary education decrease between 2021 and 2025 

and then increase from 2026 until 2032. The latter is driven by the increase in secondary 

graduates who enter the tertiary cycle.  

The 'NTERY' scenario increases the number of below tertiary graduates between 2021 and 2036 

compared to the baseline scenario. The growth in tertiary graduates takes place between 2027 

and 2039. 

The results of the 'AKEVT' scenario are similar to those under the 'NTERY' scenario. Besides, 

the 'AKEVT' scenario increases VT graduates over the simulation period due to the increase in 

VT enrollment. 

6.5.3.3 Dropouts 

In this analysis, a dropout is a student who decides to quit school at any grade before graduation. 

There is a negative relationship between the dropout decision and the ET determinants126. In 

other words, the reduction in private household expenditure on ET decreases the dropouts. 

                                                
126 ET determinants are ET quality, ET cost, and wage premium. 
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Looking at the growth of ET dropouts across the different scenarios shows that the 'PRM' 

scenario significantly reduces the primary dropouts over the policy implementation period 

(Table 6-8). Simultaneously, dropouts from post primary cycles rise due to the increase in their  

costs. Dropouts from VT cycles fall as a result of the drop in VT enrollment.  

Between 2021 and 2025, the 'SCND' scenario increases dropouts from primary and tertiary 

education127. In contrast, the increase in secondary graduates is compensated for by a reduction 

in secondary dropouts. 

In the 'NTERY' scenario, dropouts from the below tertiary cycles decrease significantly between 

2021 and 2025, encouraging primary and secondary students to pursue their studies and obtain 

certificates (Table 6-8). Nevertheless, the 'NTERY' scenario rises tertiary dropouts due to the 

increase in tertiary cycle cost. 

In the 'AKEVT' scenario, the growth in tertiary dropouts is driven by the increase in the wage 

rate of secondary educated labor (wage premium standard. Besides, the 'AKEVT' scenario rises 

dropouts from the VT cycle as a result of a decrease in the wage rate of vocationally trained 

labor (high supply). 

In all scenarios (except the 'SCND' scenario), dropouts from primary education decrease. The 

dropouts from post-primary cycles show different trends across different scenarios. The number 

of dropouts from the secondary level is higher in the 'PRM' scenario than in the other scenarios, 

although the dropout rates are still positive for the latter. This can be explained by high 

secondary cycle costs that discourage primary graduates from entering the secondary cycle.  

This suggests that secondary education should be expanded more to absorb the growth in the 

primary cycle and cascade these effects to the tertiary education cycle, as shown in the 'NTERY' 

scenario. However, this positive effect translates into increasing tertiary dropouts rather than 

increasing tertiary graduates (high costs). 

The 'AKEVT' scenario decreases the tertiary dropouts more compared to other scenarios. This 

indicates that increasing graduates from tertiary education requires investing in all AKE cycles.  

The 'SCND' scenario increases dropout from primary education more compared to other 

scenarios. This is because the implemented policy shrinks the primary cycle by increasing the 

direct cost of primary education. Therefore, the entrants to the post-primary cycles decreases 

                                                
127 The 'SCND' scenario decreases private household expenditure only on the secondary education cycles. 
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(negative transition effects). As a result, the number of out-of-school children increases by 0.5% 

over the policy implementation period128. This indicates that the primary and secondary cycles 

must be expanded simultaneously to decrease the number of out-of-school children in the 

Sudan. 

6.5.4 Household Welfare 

Figure 6-8 illustrates the impacts of four counterfactual scenarios on household welfare. In the 

short-run, enhancing the ET system increases schooling time, driving down working time. 

Consequently, labor income distributed to households goes up slightly due to the increase in the 

wage rates of labor categories. Simultaneously, capital transfers from enterprises to households 

fall, which have the largest share in total household income129. This decrease is driven by the 

fall in capital income (Table 6-7). The overall effect is a reduction in total household income, 

which decreases their consumption and welfare between 2021 and 2025. 

Each household group receives a different composition of factor income depending on 

individual endowments. Disposable income for individuals is influenced by tax payments and 

savings. Therefore, the effects on household welfare differ across household groups and 

scenarios. For all scenarios, all household groups lose in the short-run.  

Between 2026 and 2038, the 'PRM' scenario improves poor urban household welfare more than 

other household groups (Figure 6-8). This is because of increased disposable income, driven by 

high labor income and low tax payments. After 2039, the welfare of all households falls 

gradually but still positive. This can be explained by a decrease in ET graduates and labor 

income. After 2041, the growth of capital and land income increases the welfare of non-poor 

households more than poor households. This is because non-poor households have a higher 

share in total capital transfers from enterprises to households than poor households.  

The 'SCND' scenario generates positive effects for households between 2026 and 2033 (Figure 

6-8). Poor urban households benefit more than other households (high labor income growth and 

low tax payments). After 2033, the welfares of all households drop gradually, driven by the 

decrease in the income of educated and trained labor.  

                                                
128 In 2016, the total number of out-of-school children, aged between 6 and 14 years, is 3.7 million persons.  
129 In the 2016 SAM, capital transfers from enterprises to households represent 47.8% of total household 
income. 
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Figure 6-8: Effects on household welfare between 2021-2050, EV as a share of household expenditure in the corresponding year in the baseline scenario  

Source: Author's calculations based on simulation results. 
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The results in other scenarios are similar to those under the 'PRM' scenarios. Nevertheless, there 

are distinctions in terms of the growth rates for household welfare across groups.   

Looking at the long-run effects on household welfare across different scenarios illustrates that 

the 'PRM' scenario creates higher positive effects on households than other scenarios. This is 

due to the massive growth of ET enrollment in the short-run (Table 6-8). Consequently, the 

factor incomes distributed to households increases in the medium- to the long-run. In contrast, 

households benefit less in the 'SCND' scenario than other scenarios because of the significant 

decrease in factor incomes. This decrease is driven by the supply growth of uneducated and 

untrained labor over the policy implementation period. For the other scenario ('NTERY' and 

'AKEVT'), household welfare grows at a lower rate than the 'PRM' scenario, which can be 

attributed to low labor income  (less enrollment and graduation). 

6.5.5 Macroeconomic indicators 

Figure 6-9 shows the changes in the real GDP over the simulation period compared to the 

baseline scenario. The GDP at constant prices decreases between 2021 and 2025, because of 

increasing school participation. These decreases vary across the four scenarios. The 'PRM' 

scenario decrease private household expenditure on primary education, expanding ET base and 

enrolling more students at different cycles. This expansion is accompanied by a significant 

increase in the factor prices (tertiary educated labor and capital). This hurts the domestic 

industries, particularly the non-ET sectors. As a result, the real GDP drops by 1.1% in the' PRM' 

than other scenarios between 2021 and 2025. The 'SCND' scenario increases the total labor 

supply by decreasing primary school participation. Consequently, the real GDP decreases at a 

lower rate compared to other scenarios. For the 'NTERY and 'AKEVT" scenarios, the real GDP 

falls less than the' PRM' scenario (Table 6-9). This is because lower enrollment is caused by the 

low budget allocated to the primary cycle by both scenarios. 
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Figure 6-9: Effects on the growth rate of real GDP from the expenditure side, between 2012-2050, 

percentage change compared to the baseline scenario 

Source: Author's calculations based on simulation results. 
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cycle over the policy implementation periods, increasing the supply of uneducated and 

untrained labor. 
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increase in ET expenditure increases slightly aggregate labor supply in the short-run (Figure 6-
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This change decreases the quantity of real domestic production in the short-run. In contrast, real 

household consumption drops over the policy implementation period, caused by increased 

producer prices (Table 6-5). The drop in domestic production decreases the exports. 

Simultaneously, reduction in domestic demand decreases the import. Besides, the reduction in 

the net savings lowers real gross capital formation. Therefore, the short-run growth rate for the 

real GDP decreases between -0.8% and -1.1% for all scenarios. In the long-run, a gradual 

increase in human and physical capital stock accumulation permits the economy to grow at an 

average annual rate between 0.3% and 0.7%. 

6.5.6 Sensitivity analysis 

This section reports the results from a sensitivity analysis of how different choices of financing 

instruments affect the simulation results. The analysis provides a deeper understanding of the 

model and checks the robustness of model results. In addition to the sales tax, two alternative 

instruments are chosen to finance government expenditure on primary education (PRM 

scenario)130. These instruments include: (a) income tax for households and (b) foreign transfers 

to the government. The remainder of this section discusses the results generated with each new 

financing instrument compared to the default one.  

Table 6-10 illustrates the sensitivity analysis results for selected macroeconomic indicators. The 

sensitivity analysis shows that there are no significant changes in the results with financing 

instruments changing. However, the magnitudes of the results could vary among different 

instruments. 

A closer look at the effects on household consumption at constant prices under the three 

financing instruments shows that the real household consumption increases lower under the 

income tax financing instrument than other instruments in short- to medium-run. This is due to 

the decrease in their disposable income. Under the foreign transfer financing instrument, the 

observed boom of real household consumption is the highest due to increased imported 

products. 

 

 

                                                
130 Default financing instrument for the implemented policy is sales tax.  
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Table 6-9: Effects on macroeconomic indicators between 2021 and 2050, percentage change compared to baseline scenario 

 PRM    SCND    NTERY    AKEVT   

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 (%) (%) (%)  (%) (%) (%)  (%) (%) (%)  (%) (%) (%) 

Private consumption  -0.35 0.01 0.71  -0.13 0.14 0.32  -0.18 0.11 0.51  -0.18 0.09 0.38 

Government consumption -2.83 -1.04 0.57  -2.39 -0.77 0.18  -2.42 -0.81 0.40  -2.39 -0.75 0.28 

Investment demand -2.63 -1.00 0.39  -2.34 -0.82 0.08  -2.33 -0.84 0.25  -2.31 -0.80 0.16 

Absorption -1.02 -0.28 0.64  -0.77 -0.12 0.27  -0.80 -0.15 0.46  -0.80 -0.15 0.34 

Import demand  -0.72 -0.22 0.31  -0.68 -0.20 0.09  -0.68 -0.20 0.19  -0.68 0.00 0.12 

Export supply  -2.53 -0.64 0.88  -2.30 -0.53 0.29  -2.31 -0.54 0.57  -2.33 0.00 0.36 

GDP from expenditure -1.09 -0.29 0.67  -0.82 -0.13 0.28  -0.86 -0.17 0.48  -0.86 0.00 0.35 

Total domestic production  -1.23 -0.33 0.62  -1.04 -0.22 0.23  -1.08 -0.25 0.42  -1.09 -0.27 0.29 

Total intermediate inputs  -1.57 -0.43 0.49  -1.52 -0.43 0.13  -1.58 -0.45 0.29  -1.61 -0.51 0.16 

Short-run: 2021-2025; medium-run: 2021-2031; long-run: 2021-2050 

Source: Author's calculations based on simulation results. 
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6.6 Conclusions 

In this chapter, STAGE-Edu is used to assess the implications of four different ET policies in 

the Sudan. The construction of scenarios starts from ET issues in the Sudan, which are raised 

in recent reports of UNESCO (2018a) and the World Bank (2012). The scenarios aim at 

decreasing private household expenditure on ET to increase child participation in schooling. 

The scenarios differ in the combination of ET cycles to which private household expenditure 

are decreased. These combinations are as follows: a) primary education cycle, b) secondary 

education cycles (vocational and non-vocational), c) non-tertiary cycles (both 1 and 2) in AKE, 

and d) all cycles in AKE and VT. 

The analysis shows that ET outputs vary across four scenarios, driven by ET determinant 

changes. Expansion of the primary cycle ('PRM' scenario) attracts a high number of children to 

join schools. Simultaneously, it motivates students within the primary cycle to continue their 

education and graduate. This significant increase in primary enrollment and graduation 

translates into a high number of entrants to the secondary cycles (vocational or not). Still, the 

high cost of the secondary cycles has the opposite effect of increasing dropouts of these cycles. 

Secondary education expansion ('SCND' scenario) increases secondary enrollment during the 

policy implementation period. This growth diminishes over time and is mainly driven by the 

decrease of new entrants at the primary cycle because of the high direct cost. Besides, this 

policy increases the overall enrollment at a lower rate compared to other scenarios due to 

reduced primary and tertiary enrollments. 

Reducing private household expenditure on the below tertiary cycles ('NTERY' scenario) boosts 

enrollment at primary and secondary education and decreases dropouts from these cycles. In 

addition, this policy increases the cost of remaining ET cycles. As a result, secondary graduates 

decide to quit the tertiary cycle and join the labor force.  
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Table 6-10: Sensitivity analysis of different instruments for financing the implemented policy, percentage change compared to the baseline scenario 

 
Sale tax    Income tax for households   Foreign transfers to government  

Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

 (%) (%) (%)  (%) (%) (%)  (%) (%) (%) 

Real GDP  -0.68 -0.10 0.60  -0.66 -0.09 0.60  -0.53 -0.03 0.60 

Real household consumption  1.06 0.55 0.60  0.83 0.46 0.60  2.71 1.20 0.69 

Real GFCF -3.66 -1.23 0.43  -2.88 -0.93 0.47  -5.49 -1.92 0.30 

Real exports -1.95 -0.55 0.41  -1.45 -0.36 0.43  -10.83 -3.87 0.01 

Real imports -0.75 -0.24 0.14  -0.65 -0.19 0.15  3.26 1.40 0.39 

Real domestic production  -0.96 -0.21 0.56  -0.83 -0.16 0.57  -0.78 -0.12 0.57 

Exchange rate  -2.35 -1.00 -0.04  -1.33 -0.53 0.11  -9.40 -5.27 -1.38 

Total enrollment 3.71 3.91 1.17  3.67 3.88 1.15  3.74 3.93 1.18 

Total supply  -0.08 -0.04 0.21  -0.07 -0.03 0.22  -0.07 -0.03 0.22 

Labor income  5.25 4.19 3.06  6.08 4.85 3.55  7.94 6.33 4.62 

Capital income -2.73 -2.14 -1.52  -1.48 -1.15 -0.79  -1.22 -0.94 -0.64 

Land income -1.70 -1.27 -0.90   -1.20 -0.89 -0.62   0.24 0.24 0.21 

Short-run: 2021-2025; medium-run: 2021-2031; long-run: 2021-2050 

Source: Author's calculations based on the simulation results.
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Expansion of the whole AKE ('AKEVT' scenario) increases the total enrollment at all cycles. 

Still, this policy increases tertiary education dropouts. The growth of wage premium of 

secondary educated labor discourages secondary graduates from obtaining the tertiary 

certificate and encourages them to enter the job market. This policy also increases VT 

enrollment and graduation.  

Comparing the effects of four policies on the ET system shows that decreasing private 

household expenditure on both primary and secondary cycles discourages students from 

dropping out before they finish the last grade of below tertiary cycles. As a result, the number 

of out-of-school children decreases significantly in the Sudan. 

In the short-run, the four ET policies have negative effects on the real GDP due to a decrease 

in national production. However, in the long-run, the economy grows at a higher rate because 

of human and physical capital stock growth. Moreover, the 'PRM' scenario has the most 

considerable positive impacts throughout the economy regarding GDP growth. The results 

indicate that the policy of decreasing private household expenditure on primary education 

attracts a high number of students to the ET system. Consequently, in the medium-run, the 

number of secondary and tertiary graduates is larger compared to other policies. 

Simultaneously, the number of secondary dropouts rises, increasing the rate of children out of 

the schooling system. 

The sensitivity analysis concerning the financing instruments for expanding primary education 

shows that a change in financing instruments does not cause a significant change in results. In 

the short- to medium-run, economic benefits are significant when foreign transfers finance the 

implemented policy. Using the distortionary financing instrument (sale taxes and income taxes) 

dampen the economic growth in the country. 

In addition to AKE, this analysis suggests that spending more on VT increases its enrollment 

and graduation rates, which is driven by the improvement in VT determinants.  

However, the analysis does not consider the transformation of low educated and trained labor 

(primary or uneducated and untrained labor) to vocationally trained labor. Such transformation 

has not been considered in the model specification so far. This extension in STAGE-Edu is the 

topic of the next chapter, which addresses the effects of expanding VT, mainly agricultural VT, 

on the Sudanese economy. 
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7. Assessing the Impacts of Enhancing the Agricultural 

Vocational Education and Training System versus 

Subsidizing the Agricultural Sector 

As seen in Chapter 6, expanding primary and secondary education policy diminishes the role 

of the VT system in skill formation in the Sudan. In other words, to achieve a reduction in the 

number of out-of-school children, the best policy enhances primary and secondary cycles at the 

expense of other cycles in the ET system, particularly the tertiary cycle and VT. The high VT 

costs result in low enrollment and graduation rates, i.e., a low supply of vocationally trained 

labor. This drives up dropouts of AKE who join the labor force with no specific skills. 

Subsequently, labor with vocational skills is substituted with low educated and trained labor in 

the job market131.  

In this analysis, STAGE-Edu is extended and modified to capture linkages between VT and the 

labor force. This version of the model captures low educated and trained labor choices to join 

VT at any point in time to enhance their skill level.  

Moreover, two VT programs are distinguished into: a) agricultural and b) non-agricultural. This 

distinction permits tracking the effects of expanding each program on the structure of the labor 

force. 

Section 7.1 explains the motivation for conducting the analysis and extending the model. It 

explains the main characteristics of the agricultural labor force. The version of the SAM and 

the elasticities that are used for this analysis are discussed in section 7.2, which also explains 

scenarios and model closures. The simulation results are discussed in section 7.2.4, focusing on 

comparing the impacts of different scenarios. Moreover, it discusses sensitivity analyses with 

regard to the elasticity values. Section 7.4 contains conclusions. 

7.1 Motivation for model extension  

Agriculture is deemed an appropriate remedy for improving economic growth and alleviating 

poverty in the Sudan. Between 2012 and 2016, the sector contribution to the GDP was more 

than 30% (CBoS, 2017). Agriculture is an essential source of livelihood and employment for 

most of the Sudanese population and is providing many raw materials to local industries (CBoS, 

                                                
131 Low educated and trained labor refers to primary educated and uneducated and untrained labor. 
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2014). It is the main economic activity in rural areas, where the majority of the population lives. 

In 2013, 42.7% of employed people engaged in agricultural or pastoral activities, while 28.6% 

and 26.8% of the employed earned their income from the industrial and service sectors, 

respectively (FMoHRDL, 2013). Moreover, agricultural exports represent 49% of the total 

export value (CBoS, 2017).  

Agricultural activities in the Sudan are dominated by crop production and animal husbandry132. 

Animal production has been a substantially more significant contributor to agricultural GDP 

than crop farming, providing more than 62% of agricultural GDP (CBS, 2018) and 52% of the 

total agricultural export value in the year 2016 (CBoS, 2017). Animals and their products 

(manure, milk, and meat) are essential for domestic consumption as well as regional export 

(HCENR, 2013).  

Crop production in the Sudan contributes significantly to achieving food security, providing  

37% to the agricultural GDP in 2016 (CBS, 2018). Crop production includes traditional and 

semi-mechanized activities, using: a) irrigated and b) rainfed farming systems. In 2013, 

traditional rainfed agriculture used 65% of the cultivated land area (21.3 million hectares), 

semi-mechanized rainfed agriculture used 30%, and irrigated agriculture used only 5% (CBoS, 

2014; HCENR, 2013).  

Multiple existing and emerging conditions hinder development of the Sudanese agricultural 

sector. The sector has suffered from a gradual decrease in yields (CBoS, 2017; HCENR, 2013). 

This can be attributed to various factors depending on the nature of the crop production system 

(Siddig et al., 2020). For rainfed farming, which is practiced on 90% of the cultivated land in 

the country (HCENR (2013), the yield is constrained by rainfall variability and is affected by 

inadequate public investment in basic infrastructure for rural and agricultural development. 

Moreover, under the drought and rainfall variability, irrigated agriculture has become 

significant (FAO, 2015) and is considered a solution to boost the economy and increase the 

living standard in the Sudan133. However, the inefficient irrigation infrastructure and a shortage 

of improved seeds are major constraints to enhancing yields of irrigated agriculture. Additional 

common reasons for the decrease across farming systems in the Sudan are lack of extension 

                                                
132 The fishery and forestry sub-sectors have minimal economic significance in the Sudan. In 2016, the fishery 

and forestry sub-sectors contributed a small share (2%) of agricultural GDP (CBS, 2018). 
133 Irrigated agriculture is practiced along the Nile and its tributaries with several large schemes such as in 

Gezira, New Halfa and Rashad and sugar factories. 
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services and training, shortage of credit, erroneous agricultural practices, and inconsistent 

agricultural policies (Mahgoub, 2014). 

Specifically, in terms of labor productivity, agriculture in the Sudan performs badly. First, a 

comparison of employed labor across economic sectors shows that labor in the agricultural 

sector has a lower productivity level and lower wages than in the industry and service sectors 

(Geiger et al., 2015). Second, as shown in Figure 7-1,  the largest shares of agricultural labor 

are uneducated and untrained (60.6%) as well as primary educated labor (30.1%) (FMoHRDL, 

2013). 

 

Figure 7-1: Distribution of agricultural labor according to their ET background in 2011 

Source: Author's calculations based on FMoHRDL (2013). 

VT in the Sudan does not play a role in transforming the low educated and trained labor into 

agricultural VET labor. Only 1.3% of the employed in this sector are agricultural vocationally 

trained (Figure 7-1). For instance, in Gezira State, only one VT center offers agricultural VT 

programs (Ibrahim et al., 2014). The shortage of agricultural VT centers -which entails high 

training costs- discourages low educated and trained labor from enhancing their skills. The lack 

of agricultural training and extension services creates a shortage, which could constrain 

technological progress and innovation in agriculture in the country. 

In summary, enhancing agricultural production has great potential for developing livelihood in 

the Sudan. A policy of expanding agricultural VET can increase farmers' access to knowledge 
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and skills needed for enhancing their production and income. Extending STAGE-Edu provides 

a framework for analyzing the effects of enhancing the agricultural VET system on economic 

growth and household welfare, guiding the policy choices. 

7.2 Modeling the agricultural vocational education and training system 

This section describes modifications and adjustments made in STAGE-Edu and its database to 

incorporate the agricultural VET system. It also explains scenario design and closure rules.  

The design of the model allows tracking effects of policies on the skill structure of the labor 

force. Therefore, the extended model distinguishes agricultural VT programs from other VT 

programs. 

In the extended STAGE-Edu, linkages between VT and the labor force are captured. 

Specifically, choices of low educated and trained labor to join VT at any point in time to enhance 

their skill levels. 

7.2.1 Model specifications 

STAGE-Edu used in this analysis is modified to incorporate agricultural VET cycles. This adds 

choices for the students at different ET levels as follows: 

5) Primary graduates who decide to enter the secondary VE cycles choose between 

agricultural VE and non-agricultural VE. 

6) Leavers from AKE cycles who seek training choose between agricultural VT and non-

agricultural VT134. 

7) Low educated and trained labor who wish to improve their skill level may join VT and 

thus can choose agricultural or non-agricultural VT135. 

The remainder of this section explains the additional functionalities in STAGE-Edu, while 

holding the general theoretical structure of the model as described in Chapter 4. 

                                                
134 “Leavers from AKE cycles” refers to the students who decide to quit the school at any level before getting a 

tertiary education certificate. 
135 “Low educated and trained labor” is combining primary educated labor and uneducated and untrained labor. 
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7.2.1.1 Primary graduates 

The number of primary graduates who choose to enter the secondary VE level per household 

(𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡) is calculated in (Eq 7-1) as a residual by subtracting the number of primary 

graduates who choose to continue to the secondary non-VE cycle  (c) in the first-grade (grd) 

per household (𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) from the total primary graduates who continue their education 

at the secondary level (𝑇𝑂𝑇𝑁𝐸𝑊𝐺𝑅𝐷ℎ,𝑡). 

Now, a CEF is used to determine the number of new entrants to the agricultural VE cycle (Eq. 

7-2). This number is determined (per household) considering the relative changes in three 

variables: educational quality among the secondary VE cycles, wage incentives for the 

corresponding labor categories, and direct secondary education costs. 

For calculating entrants to the agricultural VE cycle (𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡), the relative 

changes of the variables mentioned earlier are multiplied by the total new entrants to the 

secondary VE cycle (per household) in the current year (𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡) and the ratio of new 

entrants in the first grade at secondary agricultural VE cycle to the total new entrants to the 

secondary agricultural VE cycle in the base year (𝑠ℎ𝑟𝑔𝑟𝑑𝑣𝑒𝑐,𝑔,h,𝑡). 

Hence, the number of new entrants to the secondary non-agricultural VE cycle per household 

(𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡   ) is determined as a residual (Eq 7-3) by subtracting the number of 

new entrants to the agricultural VE cycle (Eq 7 2) from the total number of primary graduates 

who enter the secondary VE level per household (Eq 7-1).  

7.2.1.2 Leavers from the acknowledged education system 

Dropouts and exiting graduates who quit AKE and decide to enter VT have a choice to join 

agricultural or non-agricultural VT. 

Similar to primary graduates entering the secondary VE cycle, CEFs are used to determine the 

number of leavers from the AKE system (exiting graduates: 𝐺𝑅𝐷𝑆𝑁𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡 or 

dropouts: 𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡) per cycle, grade, and household entering the agricultural 

VT program. The choice is determined considering three variables: (a) relative changes in VT 

quality, (b) wage incentives, and (c) direct cost of VT. The number of leavers who choose to 

join non-agricultural VT per household (exiting graduates: 𝐺𝑅𝐷𝑆𝑁𝐴𝐺𝑅𝑉𝑇𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡 or 

dropouts: 𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡  ) is determined as a residual (Eq. 7-4 – 7-7). 
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𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡 = 𝑇𝑂𝑇𝑁𝐸𝑊𝐺𝑅𝐷ℎ,𝑡  − ∑ 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡

𝑐∈𝑐𝑒𝑑𝑢𝑎𝑠

 (Eq 7-1) 

𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡 = 𝑠ℎ𝑟𝑔𝑟𝑑𝑣𝑒𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡   ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑒𝑑𝑐ℎ

 ∙ 

𝑙,𝑙𝑝,𝑐𝑎𝑔𝑟𝑖𝑣𝑒

 

 

(Eq 7-2) 

 ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒,𝑡

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑎𝑙",𝑡
𝑒𝑑𝑐ℎ

𝑐∈𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒

 

 

 ∏ (

𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑡

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒,𝑡
𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑡−1

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑒𝑑𝑐ℎ

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒

 

 

 

𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡 = 𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡 − ∑ 𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡

𝑐𝑎𝑔𝑟𝑖𝑣𝑒

 (Eq 7-3) 



Chapter 7 

161 

7.2.1.3 Low educated and trained labor  

A decision for low educated labor to join the VT system is determined using CEFs. They decide 

based on the difference between the current wage of low educated and trained labor and the 

wage of holders of a VT certificate. The number of low educated and trained labor entering VT 

(𝐿𝐴𝐵𝑂𝑅𝑉𝑇ℎ,𝑡) is determined as a product of their share in the (𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡ℎ,𝑡) multiplied by those 

who decided to enter the system last year (𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡2𝑙,ℎ,𝑡−1  ∙  𝑄𝐹𝐼𝑁𝑆𝑙,ℎ,𝑡−1), and the relative 

changes in their current wage premium (Eq. 7-8)136. 

Then, the number of low educated and trained labor who choose to enter the agricultural VT 

cycle (𝐿𝐴𝐵𝑂𝑅𝐴𝐺𝑅𝑉𝑇𝑐,𝑔,ℎ,𝑡) is determined using CEF, considering the same factors mentioned in 

Eq 7-9. Whereas those who enter non-agricultural VT are determined residually (Eq. 7-10). 

Based on the described modifications, the total labor supply per labor category and household 

is annually determined by subtracting the low educated and trained labor who enter VT from 

the summation of labor from the NEET category, graduates and dropouts from ET system, and 

non-retired labor who are in the working-age group (Eq. 7-11)137. 

7.2.2 Data  

The database and the parametrization of STAGE-Edu have been discussed in Chapter 5. In this 

analysis, a disaggregated version of the SAM 2016 for the Sudan is used to calibrate the model. 

Disaggregations are made for the following accounts: (a) VET accounts (commodity and 

activity), and (b) accounts of vocationally educated and trained labor138.  

The labor account is disaggregated into agricultural and non-agricultural VET labor based on 

the latest labor survey for the year 2011 (FMoHRDL, 2013). The VET account (commodity and 

activity) is segmented according to the unpublished budget data from SCVTAA (2017b). These 

modifications are consistent with the extended version of STAGE-Edu. 

This analysis uses the values of elasticity parameters presented in Chapter 5. They are listed in 

Tables 5-12 to 5-14.  

                                                
136 𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡ℎ,𝑡   is share of low educated and trained labor who enter VT component from labor market. Where 

𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡2ℎ,𝑡 is share of low educated and trained labor who leave the job market. 
137 NEET is the term that refers to the group of individuals who are Not in Employment, Education or Training. 
138 In the 2016 SAM, agricultural VET represents 40% of total VT production in the Sudan. 
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𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡  =  𝑠ℎ𝑟𝑣𝑡𝑑𝑟𝑝𝑎𝑔𝑟𝑖𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐷𝑅𝑂𝑃𝑉𝑇ℎ,𝑡 ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑑𝑟𝑜𝑝

𝑙,𝑙𝑝,𝑐𝑎𝑔𝑟𝑖𝑣𝑡

 
(Eq 7-4) 

 ∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑎𝑙",𝑡
𝑑𝑟𝑜𝑝

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡

 
 

 ∙ ∏ (

𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡
𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑑𝑟𝑜𝑝

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡

 
 

𝐷𝑅𝑂𝑃𝑁𝐴𝐺𝑅𝑉𝑇𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡  =  𝐷𝑅𝑂𝑃𝑉𝑇ℎ,𝑡  − 𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡  
(Eq 7-5) 

𝐺𝑅𝐷𝑆𝑁𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡  
=  𝑠ℎ𝑟𝑣𝑡𝑔𝑟𝑑𝑎𝑔𝑟𝑖𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐺𝑅𝐷𝑆𝑉𝑇ℎ,𝑡  ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑔𝑟𝑑𝑠

  

𝑙,𝑙𝑝,𝑐𝑎𝑔𝑟𝑖𝑣𝑡

 

 

(Eq 7-6) 

 ∙ ∏ (

𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡
𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑔𝑟𝑑𝑠

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡

 
 

 ∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑎𝑙",𝑡
𝑔𝑟𝑑𝑠

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡
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𝐺𝑅𝐷𝑆𝐴𝐺𝑅𝑉𝑇𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡 = 𝐺𝑅𝐷𝑆𝑉𝑇ℎ,𝑡  −  𝐺𝑅𝐷𝑆𝐴𝐺𝑅𝑉𝑇′𝑐𝑎𝑔𝑟𝑖𝑣𝑡′,𝑔𝑟𝑑,ℎ,𝑡  (Eq 7-7) 

𝐿𝐴𝐵𝑂𝑅𝑉𝑇ℎ,𝑡  = (
𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡ℎ,𝑡 ∙

𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡2𝑙,ℎ,𝑡−1  ∙  𝑄𝐹𝐼𝑁𝑆𝑙,ℎ,𝑡−1
) ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑙𝑎𝑏𝑜𝑟

𝑙,𝑙𝑝,𝑐𝑎𝑔𝑟𝑖𝑣𝑡

 
(Eq 7-8) 

𝐿𝐴𝐵𝑂𝑅𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡  = 𝑠ℎ𝑟𝑣𝑡𝑙𝑎𝑏𝑎𝑔𝑟𝑖𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐿𝐴𝐵𝑂𝑅𝑉𝑇ℎ,𝑡 ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑤𝑓𝑝𝑟𝑚",𝑡
𝑙𝑎𝑏

 

𝑙,𝑙𝑝,𝑐𝑎𝑔𝑟𝑖𝑣𝑡

 
(Eq 7-9) 

 ∙  ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑞𝑙",𝑡
𝑙𝑎𝑏

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡

 
 

 ∏ (

𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡
𝑃𝑄𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

𝑃𝑄𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑡−1

⁄ )

𝜌𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡"𝑡
𝑙𝑎𝑏

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡

 
 

𝐿𝐴𝐵𝑂𝑅𝑁𝐴𝐺𝑅𝑉𝑇𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡 =  𝐿𝐴𝐵𝑂𝑅𝑉𝑇ℎ,𝑡  − ∑ 𝐿𝐴𝐵𝑂𝑅𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔,ℎ,𝑡

𝑐𝑎𝑔𝑟𝑖𝑣𝑡

 (Eq 7-10) 
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𝑄𝐹𝐼𝑁𝑆ℎ,𝑙,𝑡  = (

𝑆𝐻𝐹𝐼𝑁𝑆ℎ,𝑙,𝑡
0 ∙

 (1 − 𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽𝑡 ∙ 𝑑𝑒𝑝𝑟𝑒𝑐𝑙,𝑡−1) ∙ ∑ 𝑄𝐹𝐼𝑁𝑆ℎ𝑝,𝑙,𝑡−1

ℎ𝑝∈𝑆𝐻𝐹𝐼𝑁𝑆ℎ𝑝,𝑙,𝑡
0

)  

 

(Eq 7-11) 

 + 
(

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡2𝑙,ℎ,𝑡 ∙

∑ 𝑝𝑜𝑝𝑝𝑜𝑝,ℎ,𝑡

𝑝𝑜𝑝∈𝑎𝑔𝑒𝑙𝑎𝑏

− ∑ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡

(𝑐,𝑔)∈𝑚𝑐𝑒𝑑𝑢𝑔𝑟𝑑𝑙𝑎𝑏𝑒𝑛𝑡

      )   

 

 

 + 
 ( ∑

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡𝑙,ℎ,𝑡 ∙

∑ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔,ℎ,𝑡−1
𝑐∈𝑐𝑒𝑑𝑢𝑡 𝐴𝑁𝐷 𝑐𝑣𝑡

) 

  

  
+( ∑ 𝑠ℎ𝑟𝑛𝑒𝑒𝑡𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐸𝑋𝑇𝐺𝑅𝐷𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

) 

  

 + 
( ∑ 𝑠ℎ𝑟𝑛𝑒𝑒𝑡𝑑𝑟𝑜𝑝𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐷𝑅𝑂𝑃𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

 ) 

  

 − 
 ( ∑ 𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡2𝑙,ℎ,𝑡−1  ∙  𝑄𝐹𝐼𝑁𝑆𝑙,ℎ,𝑡−1

𝑙∈𝑛𝑜𝑛𝑠𝑙𝑎𝑏

) + ( ∑ 𝐸𝑋𝑇𝐺𝑅𝐷𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

) 
 

 + 
 ( ∑ 𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

 ) 
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7.2.3 Scenarios 

The baseline scenario is developed using recent projections from the International Monetary 

Fund (2018) and the World Bank (2018). This scenario predicts the growth of the Sudanese 

economy over the period 2016 to 2050, with no changes in policies.  

In addition to the baseline scenario, two counterfactual scenarios are developed to enhance the 

contribution of agricultural VET labor in the agricultural sector in the Sudan. These scenarios 

are: a) ‘agriVET’ scenario refers to the policy of expanding the agricultural VET system; and 

b) ‘agriSector’ scenario refers to the policy of enhancing agricultural production.  

The remainder of this section discusses the design of these counterfactual scenarios.  

7.2.3.1 Enhancing the agricultural VET system 

Scenario ‘agriVET’ aims at increasing the supply of agricultural vocationally educated and 

trained labor. This scenario increases graduates from the agricultural VET system (pushing 

effect). It opens a door for the low educated and trained labor to improve their skills by joining 

an agricultural VT program. 

In this scenario, household demand for agricultural VET services increases and results in high 

participation and graduation rates in the agricultural VET system. Thereby, the supply of 

agricultural VET labor increases over time. 

To increase household demand for agricultural VET services, value-added taxes on primary 

education and the agricultural VET system are set to decrease by 1% of GDP over the period 

2021–2025139. Value-added taxes on the ET system are reduced by SDG 43.4 billion during the 

policy implementation period (Figure 7-2)140. This policy is financed by increasing foreign 

transfers to the government, which is selected based on the conclusion of Chapter 6. 

                                                
139 Value-added taxes on ET represent the annual school running costs, which is included in the 2016 SAM for the 

Sudan as value-added taxes paid by households on ET. 
140 The average (official) exchange rate for 2016 is: US$1= 6.5 SDGs (CBS, 2017). 
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Figure 7-2: Total (SDG billion) value-added taxes on primary education and agricultural VET system in 

the baseline and the ‘agriVET’ scenarios (2021 and 2025) 

Source: Author's calculations. 

Distributing the additional budget is informed by the previous results of this research. As shown 

in Chapter 6, investing in primary education is a pre-requisite to achieve a decrease in number 

of out-of-school children in the Sudan and the increase in number of graduates from primary 

education. Therefore, 73.1% of the additional budget is allocated to the primary cycle and the 

remaining 26.9% to the agricultural VET system (Figure 7-2). The allocation across primary 

education and agricultural VET system is based on their shares in total value-added tax 

payments in the base year141. 

7.2.3.2 Enhancing agricultural production 

The aim of the ‘agriSector’ scenario is to boost the factor demand in agricultural production in 

order to increase the supply of agricultural VET labor (pull effect). 

The ‘agriSector’ scenario is set to decrease sale taxes on agricultural products and value-added 

taxes on primary education142. Consequently, demand for agricultural products rises up, 

increasing the factor demand of the agricultural sector. This increases the skill premium in the 

factor market, which is a determinant for encouraging students to get their certificates at all ET 

levels. 

                                                
141 The values of various taxes in the initial year are listed in Appendices. 
142 Sales tax is a consumption tax imposed by the government on the sales of  specific commodities and services. 
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From 2021 until 2025, sales taxes on agricultural products and value-added taxes on primary 

education are reduced by 1.0% of GDP (Figure 7-3). Foreign transfer to the government is the 

financing instrument for the implemented policy. The additional budget is distributed between 

primary education (43.4%) and the agricultural sector (56.6%) based on their shares in total 

value-added tax and sales tax payments in the base year. 

 

Figure 7-3: Total (SDG billion) value-added taxes on primary education and sales taxes on agricultural 

products in the baseline and the ‘agriSector’ scenarios (2021 and 2025) 

Source: Author's calculations. 

7.2.4 Closure rules 

The scenarios are implemented under five closure rules: a) macro closure, b) government 

closure, c) factor market closure, d) foreign balance closure, and e) numéraire closure.  

For the macro closure, the model adopts an investment-driven approach. This means that total 

investment determines total savings in the economy. 

The government closure includes government consumption as a fixed share of final demand. 

Government budget is held constant while foreign transfer to government is flexible.  

In the labor market, all labor categories are fully employed and mobile across sectors. In the 

capital market, equilibrium is defined based on a putty-clay approach.  

The foreign balance closure consists of fixing the trade account balance and leaving the 

exchange rate and current balance account endogenous.  
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Finally, the CPI is the numéraire. All transfers within the country and between the country and 

the rest of the world are held constant. 

7.3 Results and discussion 

In the baseline scenario, the Sudanese economy grows at a rate of 4.7% over the simulation 

period. Real aggregates rise between 4.3% and 4.9%, and domestic gross output increases by 

4.6%. The exchange rate depreciates over time, driven by the deficit in trade balance (foreign 

closure setting). Growth of capital income boosts enterprise income by 4.3%. Household 

income grows at a rate of 4.5%, which is caused by labor income growth. The growth of ET 

outputs drives the labor force evolution. 

Enrollment in primary education increases by 1.3%, which is driven by the growth of household 

income. However, the high cost of primary education discourages enrolled students from 

obtaining the primary certificate. As a consequence, secondary enrollment drops by 0.8%. 

Besides, for those who drop out from below-tertiary cycles, there is a chance to go to VT when 

the wage premium increases. This explains the increase in VT enrollment (7.4%).  A high wage 

premium of tertiary education increases tertiary enrollment by 3.2%. 

The remainder of this section is dedicated to explaining the simulation results of the 

counterfactual scenarios compared to the baseline. The comparison focuses on effects on 

domestic production, the labor market, ET outputs, household income and expenditure, and at 

the macro level. The section ends with the results of a sensitivity analysis with respect to the 

elasticities. 

7.3.1 Domestic production 

Table 7-1 illustrates the effects on the quantities of domestic production. The ‘agriVET’ scenario 

reduces the value-added taxes on primary education and agricultural VET. Production of these 

sectors increases between 53.0% and 35.0% over the policy implementation period. The growth 

of agricultural VET production is much higher than that of the primary cycle. This compound 

effect is caused by the massive growth of primary graduates who pursue their studies at 

secondary agricultural VE and the growth of low educated and trained labor who join 

agricultural VT. Simultaneously, the expansion of primary education and agricultural VET 

sectors decreases production in all other sectors (Table 7-1). This is because the implemented 

policy increases the production costs of these sectors, increasing their producer price. In the 
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long-run, the growth rate of productive sectors gradually improves as a result of growth in 

physical and human capital stocks. 

The ‘agriSector’ increases agricultural production and primary education production over the 

simulation period, as shown in Table 7-2. In the short- to medium-run, the industrial sector 

grows slightly due to increasing demand for its products in the intermediate-inputs market. 

Production of all other sectors in the economy falls due to the decrease in their final demand. 

In the long-run, the growth of human capital and physical capital stock boosts domestic 

production.  

Impacts on agricultural production in the two scenarios are shown in Figure 7-4. Between 2021 

and 2025, the ‘agriSector’ scenario has the most significant positive effect. This is driven by 

the increase in consumer demand for agricultural products. In contrast, during the shock period, 

the ‘agriVET’ scenario causes a significant decrease in agricultural production, which recovers 

almost instantly at the end of the period. This temporary decrease can be attributed to the 

shortage of labor that is induced by the policy of enhancing human capital accumulation.  

 

Figure 7-4: Impacts on domestic agricultural production between 2021 and 2050, percentage change 

compared to the baseline scenario 

Source: Author’s calculations based on simulation results. 
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Table 7-1: Impacts on domestic production quantities between 2021 and 2050, percentage change compared to the baseline scenario. 

  
  

  
  

Value in the initial 
year (billion units) 

  
  

agriVET 
 
 

agriSector 
Short 
-run 

Medium 
-run 

Long- 
run 

Short 
-run 

Medium 
-run 

Long 
-run 

(%) (%) (%) (%) (%) (%) 

Agriculture  282.37  -0.50 -0.17 0.08  0.27 0.12 0.10 

Industry  201.22  -1.08 -0.43 0.07  0.04 0.00 0.10 

Private services  198.63  -1.69 -0.69 0.10  -0.64 -0.28 0.11 

Transportation services  120.29  -1.15 -0.44 0.04  -0.34 -0.13 0.06 

Primary education  9.35  44.24 16.83 4.99  27.04 10.28 3.09 

Secondary non-VE  7.31  -6.65 -2.79 0.31  -2.77 -1.22 0.36 

Tertiary education  11.30  -4.78 -2.05 0.40  -2.32 -1.03 0.34 

Secondary agricultural VE  1.96  52.18 19.52 5.30  -2.28 -0.98 0.33 

Secondary non-agricultural VE  3.65  -5.41 -2.21 0.37  -2.26 -0.97 0.35 

Agricultural VT  2.28  36.79 13.48 3.47  -1.95 -0.81 0.32 

Non-agricultural VT  3.26  -0.33 -0.26 0.75  -2.18 -0.91 0.33 

Health  26.68  -2.47 -1.01 0.01  -1.00 -0.42 0.07 

Infrastructure services  19.57  -4.30 -1.75 0.08  -1.69 -0.71 0.16 

Other government services  71.01  -3.14 -1.33 0.04  -1.45 -0.62 0.09 

Total  958.86  -0.76 -0.32 0.16  -0.08 -0.05 0.14 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results. 
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In the long-run, the ‘agriVET’ scenario generates more positive effects on agricultural 

production than the ‘agriSector’ scenario. This is because, in the ‘agriVET’ scenario, the supply 

of production factors increases at a high rate, and the allocated budget to primary education is 

larger compared to the ‘agriSector’ scenario. 

Impacts on the prices of domestic production are shown in Table 7-2. Between 2021 and 2025, 

the ‘agriVET’ scenario boosts primary education and agricultural VET prices between 12.1% 

and 7.7%. This is due to the massive growth in their household demand, which is larger than 

their growth in production, in response to reducing their added-value taxes. Prices of other ET 

sectors also increase between 9.0% and 7.0% over the policy implementation period. This is 

driven by significant growth in their production costs. Prices of other sectors (agriculture, 

industry, private services, transport services, health, infrastructure, and other government 

services) boost due to an increase in their factor cost (labor).  

In the ‘agriSector’ scenario, all producer prices increase between 6.0% and 0.5% compared to 

the baseline scenario (Table 7-2). The significant increase in household demand for agricultural 

products and primary education increases their prices in the short-run. Nevertheless, the price 

of primary education grows more than that of agricultural products. This is because the 

implemented policy increases household demand for primary education at a higher rate than its 

supply.   

Prices of other ET sectors also increase during the policy implementation period, which is 

caused by an increase in their consumer demand. Prices of other sectors (industry, private 

services, transport services, health, infrastructure, and other government services) boost due to 

their intermediate demand growth. However, prices of ET sectors increase significantly more 

than those of other sectors. This is because ET supply grows at a lower rate compared to its 

demand. 

Comparing the growth of domestic producer prices across different scenarios (Table 7-2) 

reveals that the ‘agriVET’ scenario causes the highest rate of increase in producer prices. As 

more time is allocated to schooling, labor supply is decreased, and production costs of non-

shocked sectors are increased. In the ‘agriSector’ scenario, the agricultural sector growth drives 

up the price of other sectors by enhancing their consumer demand. 
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Table 7-2: Impacts on domestic producer prices between 2021 and 2050, percentage change compared to the baseline scenario. 

    agriVET  agriSector 

    Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

  (%) (%) (%)  (%) (%) (%) 
Agriculture  0.32 0.07 0.05  0.84 0.35 0.16 

Industry  0.09 0.05 0.13  0.77 0.36 0.21 

Private services  1.95 0.99 0.36  1.33 0.66 0.23 

Transportation services  0.18 0.11 0.15  0.97 0.42 0.19 

Primary education  12.10 5.68 0.87  5.85 2.79 0.32 

Secondary non-VE  9.14 4.38 0.54  4.16 2.05 0.13 

Tertiary education  8.92 4.23 0.45  4.05 1.98 0.08 

Secondary agricultural VE  9.92 4.66 0.72  3.61 1.77 0.12 

Secondary non-agricultural VE  7.73 3.74 0.53  3.60 1.79 0.15 

Agricultural VT  9.51 4.53 0.78  3.63 1.80 0.18 

Non-agricultural VT  7.98 3.85 0.65  3.47 1.72 0.19 

Health  1.39 0.67 0.20  1.13 0.50 0.13 

Infrastructure services  3.92 1.80 0.34  2.15 0.98 0.16 

Other government services  2.33 1.12 0.34  1.45 0.69 0.20 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results. 
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7.3.2 Factor supplies and prices 

Changes in the supply of a labor category are a combined changes in growth of dropouts from 

the following cycle and changes in graduates from the corresponding cycle143. Two conflicting 

factors influence dropouts from the following ET cycle; namely, a) costs of continuing in ET 

and b) price premiums in the job market. The former is mainly a side-effect of the implemented 

policy because the expansion of primary education and agricultural VET increases other ET 

production costs (Table 7-2), discouraging students from continuing and obtaining their 

certificates and increasing dropouts144. 

Between 2021 and 2025, the ‘agriVET’ scenario decreases the value-added taxes on primary 

education and agricultural VET cycles, raising enrollment and graduation rates for these cycles. 

This translates into a higher supply of agricultural vocationally educated and trained labor than 

the baseline scenario, as shown in Figure 7-5. During the shock period from 2021 until 2025, 

the supply of primary educated labor increases slightly, as shown in Figure 7-5. This is driven 

by the growth of dropouts from secondary non-VE and secondary non-agricultural VE cycles, 

caused by higher production cost of those cycles as well as the wage premium of primary 

educated labor compared to the baseline scenario. 

In the short-run, the supply of all secondary educated labor increases. Supply of secondary 

agricultural vocationally educated labor increases by 0.8% because the implemented policy 

attracts more primary graduates to continue their study at the secondary agricultural VE until 

they graduate than in the baseline scenario. This is the favorable effect of the policy on the target 

group. The supply of untargeted secondary labor (non-VE and non-agricultural VE) increases 

slightly because of the increase in their wage rates and tertiary dropouts due to high direct cost 

of the tertiary cycle.  

 

                                                
143 For example, the supply of primary educated labor is a combination of primary graduates who did not join the 

secondary cycles and dropouts from the secondary cycles before graduation. Uneducated & untrained labor 
refers to a group of individuals who did not join the ET system at all and those who joined the primary cycle 
but did not finish it. 

144 In the Sudan, households cover partially direct costs of ET services to fill the gap in government expenditure. 
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Figure 7-5: Impacts on labor supply, between 2021 and 2050, percentage change compared to the baseline scenario 

Source: Author's calculations based on simulation results.
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Table 7-3: Impacts on factor supplies between 2021 and 2050, percentage change compared to the baseline scenario 

    Value in the 
initial year 
(thousand 

units) 

  agriVET  agriSector 

      Short 
-run 

Medium 
-run 

Long 
-run   Short 

-run 
Medium 

-run 
Long 
-run 

   (%) (%) (%)  (%) (%) (%) 

Tertiary educated labor  761.38  -0.24 -0.54 1.19  -0.17 -0.34 0.80 

Secondary non-vocationally educated labor  1,612.96  0.12 0.27 0.60  0.08 0.20 0.41 

Secondary agricultural vocationally educated labor  84.04  0.78 1.57 2.36  0.45 0.89 1.41 

Secondary non-agricultural vocationally educated labor  117.26  0.10 0.29 0.53  0.01 0.09 0.27 

Agricultural vocationally trained labor  50.66  3.10 5.68 3.40  -0.27 -0.40 -0.03 

Non-agricultural vocationally trained labor  71.53  -0.38 -0.89 -0.12  -0.27 -0.59 -0.06 

Primary educated labor  3,140.85  0.11 0.29 0.40  0.07 0.19 0.26 

Uneducated and untrained  labor  3,405.57  -0.09 -0.31 -0.58  -0.06 -0.20 -0.38 

Capital  23,579.95  -0.41 -0.49 -0.11  -0.23 -0.27 -0.05 

Land    492.18  0.00 0.00 0.00  0.00 0.00 0.00 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results. 
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The supply of tertiary educated labor decreases slightly due to high dropouts, which is resulting 

from both the high costs -as mentioned before- and the increase in wages of secondary educated 

labor. Interestingly, the increase in the wage premium of tertiary education motivates secondary 

agricultural VE graduates to join the tertiary cycle instead of entering the job market145. This 

can be said to have a reverse effect on the implemented policy. 

After abolishing the implemented policy, the supply of acknowledged educated labor increases 

due to increasing AKE graduates, this consequence is driven by the transition of primary 

graduates across post-primary cycles.  

The ‘agriVET’ scenario increases the supply of agricultural vocationally educated labor by 

3.1% at the expense of decreasing the supply of non-agricultural vocationally educated labor 

over the simulation period (Figure 7-5). Growth of enrollment and graduation of primary 

education decreases the supply of uneducated and untrained labor. 

In the ‘agriSector’ scenario, the decrease of sales taxes on agricultural products and value-added 

taxes on primary education translates into a significant increase in demand for the production 

factors and drives prices up. Simultaneously, the expansion of primary education increases the 

production costs of other ET sectors, which drives down their enrollment and graduation rates.  

For secondary educated labor, supply increases at the expense of decreasing tertiary educated 

labor supply in the short-run. This is because the significant increase in tertiary education cost 

exceeds the growth of the wage premium of tertiary graduates. Supply of secondary agricultural 

vocationally educated labor grows more than other secondary educated labor (non-vocationally 

and non-agricultural vocationally). This can be attributed to the expansion of agricultural sector, 

which drives up the wage premium of secondary agricultural vocationally educated labor more 

than other secondary educated labor groups. In the long-run, supply of secondary and tertiary 

educated labor goes up, driven by the transition of primary graduates across the secondary and 

tertiary cycles. 

The increase of VT costs (agricultural and non-agricultural) drives down VT graduates, 

decreasing the supply of vocationally trained labor. In contrast, the increase in primary 

enrollment translates into a decrease in the supply of uneducated and untrained labor over the 

simulation period. 

                                                
145 In the Sudan, secondary VE graduates can join the technological universities.  



Chapter 7 

177 

Finally, the ‘agriVET’ scenario is effective in terms of increasing supply of agricultural VET 

labor, especially during the policy implementation period. In contrast, the effect of ‘agriSector’ 

on labor supply is not specific to the agricultural VET labor, and it is much lower. However, in 

terms of changes in prices, the ‘agriVET’ scenario exhibits an unfavorable effect. Namely, 

decreasing prices of agricultural vocationally educated and trained labor, which widens the 

existing income gap of the target group in this policy (poor rural households)146. The 

‘agriSector’ scenario increases all prices significantly over the policy implementation period 

and decreases prices of the target group slightly below that in the baseline. 

7.3.3 Outputs from the education and training system  

Individuals make a choice between continuing their study or quitting school based on three key 

standards; namely, (a) direct cost of ET, (b) quality of ET, and (c) wage premium. 

The reduction in value-added taxes on primary education and agricultural VET system 

encourages households to increase their demand for these services due to low private direct 

costs147. Subsequently, the production of ET sectors increases, improving their quality. Besides, 

the expansion of shocked cycles is accompanied by increasing demand for production factor, 

which increases wage incentives of graduates (wage premium). Consequently, ET standards of 

shocked ET cycles improve, increasing their enrollment and graduation over the policy 

implementation period. 

Simultaneously, the direct costs of non-shocked ET paid by private households go up over the 

policy implementation period. This is driven by the increase in their production cost. As a result, 

enrollment of non-shocked ET cycles drops over the policy implementation period. 

In the ‘agriVET’ scenario, enrollment in the primary education and agricultural VET cycles 

increases by 34.0% and 9.0% in the short-run (Table 7-4), respectively. At the same time, their 

dropouts decrease. 

Enrollment in secondary non-agricultural VE rises by 13.1% between 2021 and 2025. The wage 

premium of non-agricultural VE graduates rises more than that of agricultural VE graduates, 

which is driven by the expansion of shocked ET sectors. This attracts some primary graduates 

to join the non-agricultural VE cycle. However, the high direct cost of non-agricultural VE 

                                                
146 See Appendix I. 
147 Private direct costs refer to direct costs paid by private households. 
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deters those students from obtaining non-agricultural VE certificates and motivates them to quit 

school before graduation.  

In contrast, enrollment in other ET sectors (secondary non-VE, tertiary education, and non-

agricultural VT) falls, increasing their dropouts. The increase in their direct cost drives this 

consequence.  

The ‘agriSector’ scenario increases enrollment and graduation in the primary cycle over the 

policy implementation period. This translates into high enrollment rates for post-primary 

cycles. 

The growth of the wage premium for secondary educated labor increases secondary enrollment 

in the short-run (Table 7-4). This increase is accompanied by a rise in secondary dropouts, 

which is caused by the high costs of secondary cycles. The increase in secondary dropouts is 

compensated for by the reduction in tertiary enrollment and graduation. 

Comparing effects on agricultural VET cycles under the two scenarios shows that the ‘agriVET’ 

scenario boosts agricultural VET enrollment and graduation at a higher rate than the 

‘agriSector’ scenario. This is because reducing the private direct cost of agricultural VET has 

a more significant direct effect on decisions of individuals to study than that of the wage 

premium148.  

7.3.4 Household income and expenditure  

Tables 7-5, 7-6 and 7-7 illustrate the effects on household income by total, household group, 

and sources across counterfactual scenarios. In the ‘agriVET’ scenario, expansion of primary 

education and agricultural VET cycles boosts factor incomes allocated to households in the 

short-run. However, capital transfers from enterprises to households fall due to a reduction in 

capital income149. Overall, total household income goes up by 0.9% in the short-run, as shown 

in Table 7-5.  

 

                                                
148 See Chapter 5, section 5.5. 
149 In the 2016 SAM, capital transfers from enterprises accounts for 47.8% of total household income. Labor 

income represents 45.3%. 
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Table 7-4: Impacts on enrollment at education and training system between 2021 and 2050, percentage changes compared to the baseline scenario 

  
Initial value in the base 

year  
(thousand persons) 

 agriVET   agriSector  

   Short 
-run 

Medium 
-run 

Long 
-run  Short 

-run 
Medium 

-run 
Long 
-run 

    (%) (%) (%)  (%) (%) (%) 

Primary education  4,762.21  4.19 3.79 1.21  2.90 2.57 0.8 

Secondary non-VE  1,633.71  -1.33 5.03 2.20  1.20 4.10 1.7 

Tertiary education  423.01  -0.60 1.68 1.92  -0.30 1.14 1.3 

Secondary agricultural VE  122.43  33.35 20.90 5.84  1.86 4.64 1.6 

Secondary non-agricultural VE  170.46  13.10 10.18 3.06  2.28 4.55 1.5 

Agricultural VT  20.15  9.64 7.08 2.35  -0.79 -0.48 0.0 

Non-agricultural VT  28.05  -3.04 -1.18 -0.19  -1.97 -0.70 -0.1 

Total  7,160.02  2.81 3.57 1.38  1.92 2.37 0.9 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results.  
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Table 7-5: Impacts on household income and its components between 2021 and 2050, percentage change 

compared to the baseline scenario 

 

Initial 
value  
(SDG 

billion) 

agriVET agriSector 
Short 
-run 
 (%) 

Medium 
-run 
(%) 

Long 
-run 
(%) 

Short 
-run 
 (%) 

Medium 
-run 
(%) 

Long 
-run 
(%) 

Factor income  289.99 1.97 0.86 0.34 1.97 0.86 0.34 

Capital transfers from 
enterprises 276.75 -0.28 0.00 0.25 -0.28 0.00 0.25 

Social transfers 5.16 0.00 0.00 0.00 0.00 0.00 0.00 

Foreign remittance 6.88 0.07 0.05 0.11 0.07 0.05 0.11 

Total income  578.78 0.86 0.44 0.29 0.86 0.44 0.29 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results.  

Effects of the ‘agriVET’ scenario on household income vary across groups. This can be 

attributed to a difference in their income structure. Income of urban households rises by 1.2% 

in the short-run, as illustrated in Table 7-6. This is driven by tertiary educated labor income 

growth, which has the highest share in total urban household income. 

Income damages of rural households are not uniform. For poor rural households, income 

increases due to increasing secondary agricultural vocationally educated labor income (Table 

7-7). In contrast, a reduction in capital transfers from enterprises to households drives down the 

income of non-poor rural households. 

The ‘agriSector’ scenario boosts total income for all household categories over the simulation 

period. This is caused by the massive growth of the agricultural sector, generating more income 

to households than in the baseline scenario. After abolishing the policy, the household income 

grows at a lower rate compared to that in the short-run.  

In the long-run, income of all household groups grows more in the ‘agriVET’ scenario 

compared to the ‘agriSector’ scenario. This is driven by the growth of ET outputs.  

 



Chapter 7 

181 

Table 7-6: Impacts on urban household income and its components between 2021 and 2050, percentage change compared to the baseline scenario 
 

  Total in the initial 
year (SDG billion) 

  agriVET 
 

agriSector 
Short 
-run 

Medium 
-run 

Long 
-run 

Short 
-run 

Medium 
-run 

Long 
-run 

(%) (%) (%) (%) (%) (%) 
Poor urban households 

          

Total income  
 

51.28 
 

1.68 0.74 0.37 
 

1.44 0.60 0.26 
Factor income  

 
40.59 

 
2.42 1.04 0.42 

 
1.74 0.73 0.27 

Capital transfers from enterprises 
 

8.45 
 

-0.81 -0.30 0.24 
 

0.57 0.22 0.24 
Social transfers 

 
1.40 

 
0.00 0.00 0.00 

 
0.00 0.00 0.00 

Foreign remittance 
 

0.84 
 

0.00 -0.01 0.10 
 

0.80 0.37 0.23 

Non-poor urban households 
 

 
        

Total income  
 

197.25 
 

1.07 0.45 0.29 
 

1.26 0.49 0.22 
Factor income  

 
137.71 

 
1.99 0.80 0.32 

 
1.59 0.62 0.21 

Capital transfers from enterprises 
 

54.68 
 

-0.81 -0.30 0.24 
 

0.57 0.22 0.24 
Social transfers 

 
0.38 

 
0.00 0.00 0.00 

 
0.00 0.00 0.00 

Foreign remittance 
 

4.48 
 

0.00 -0.01 0.12 
 

0.79 0.35 0.21 

Urban households 
 

 
        

Total income  
 

248.53 
 

1.20 0.51 0.31 
 

1.29 0.51 0.23 
Factor income  

 
178.30 

 
2.09 0.86 0.34 

 
1.63 0.65 0.23 

Capital transfers from enterprises 
 

63.14 
 

-0.81 -0.30 0.24 
 

0.57 0.22 0.24 
Social transfers 

 
1.77 

 
0.00 0.00 0.00 

 
0.00 0.00 0.00 

Foreign remittance 
 

5.32   0.00 -0.01 0.12   0.80 0.35 0.21 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results. 
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Table 7-7: Impacts on rural household income and its components between 2021 and 2050, percentage change compared to the baseline scenario 

  Total in the initial 
year (SDG billion) 

 

agriVET 

 

agriSector 
Short 
-run 

Medium 
-run 

Long 
-run 

Short 
-run 

Medium 
-run 

Long 
-run 

(%) (%) (%) (%) (%) (%) 
Poor rural households           

Total income   106.52  -0.25 -0.07 0.29  0.76 0.30 0.26 

Factor income   37.38  0.72 0.33 0.39  1.11 0.45 0.29 

Capital transfers from enterprises  67.10  -0.81 -0.30 0.24  0.57 0.22 0.24 

Social transfers  1.83  0.00 0.00 0.00  0.00 0.00 0.00 

Foreign remittance  0.21  0.01 0.00 0.04  0.80 0.46 0.38 
Non-poor rural households           

Total income   223.73  -0.26 -0.09 0.24  0.76 0.29 0.22 

Factor income   74.31  0.77 0.29 0.26  1.14 0.42 0.20 

Capital transfers from enterprises  146.51  -0.81 -0.30 0.24  0.57 0.22 0.24 

Social transfers  1.56  0.00 0.00 0.00  0.00 0.00 0.00 

Foreign remittance   1.35   0.00 -0.01 0.08   0.80 0.40 0.28 
Rural households           

Total income   330.25  0.62 0.27 0.29  1.08 0.43 0.23 

Factor income   111.69  1.71 0.70 0.33  1.49 0.58 0.23 

Capital transfers from enterprises  213.61  -0.81 -0.30 0.24  0.57 0.22 0.24 

Social transfers  3.39  0.00 0.00 0.00  0.00 0.00 0.00 

Foreign remittance  1.56   0.00 -0.01 0.12   0.79 0.35 0.21 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results.  
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Tables 7-8 and 7-9 illustrate the effects on consumption across household groups and products. 

In the ‘agriVET’ scenario, household consumption of shocked ET services increases 

significantly, particularly for urban households. This is driven by the increase in their income. 

Simultaneously, the consumption of other products falls due to the increase in their purchase 

prices (high production costs). 

In the ‘agriSector’ scenario, the expansion of the agricultural sector and primary education 

drives total household consumption for these products up compared to the baseline scenario. 

The growth of total household income causes this effect. Interestingly, consumption of poor 

households grows more than that of non-poor households. This can be attributed to the high tax 

rates of non-poor households.  

Overall, households increase their consumption of commodities and services with declining 

relative prices. The effects of these shocks across households depend on their consumption 

patterns. The ‘agriVET’ scenario encourages households to allocate extra time for schooling, 

decreasing their income and consumption in the short-run. The overall effect of ‘agriVET’ 

scenario varies across household groups and, in general, favors the poorer (Table 7-10). 

In the ‘agriSector’ scenario, households increase their consumption of agricultural products and 

primary education. Their demand for other products decreases, including agricultural VT 

services. The overall effect of the ‘agriSector’ scenario favors those who consume more 

agricultural products and those who contribute more to the agricultural labor factor than other 

household groups.  
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Table 7-8: Impacts on urban household consumption between 2021 and 2050, percentage change compared to the baseline scenario. 

   Total in the initial 
year (SDG billion)   

agriVEcost 

  

agriVETcost 
Short 
-run 

Medium 
-run 

Long 
-run 

Short 
-run 

Medium 
-run 

Long 
-run 

(%) (%) (%) (%) (%) (%) 
Poor urban households           

Agriculture  26.74  -0.78 -0.28 0.04  -0.77 -0.30 -0.01 
Industry  14.53  -1.83 -0.65 0.06  -2.09 -0.79 -0.05 
Private services  4.54  -4.99 -1.78 0.16  -4.97 -1.83 -0.04 
Transportation services  2.73  -6.06 -2.11 -0.08  -6.93 -2.52 -0.31 
Acknowledged education services  8.33  7.25 2.72 1.51  1.80 0.63 0.70 
Vocational training  1.37  5.60 2.07 1.34  -5.17 -2.02 0.10 
Health  4.66  -3.89 -1.48 -0.08  -4.04 -1.58 -0.22 
Other government services  1.96  -6.05 -2.25 0.04  -5.65 -2.14 -0.14 

Total  64.85  -0.60 -0.19 0.28  -1.73 -0.68 0.04 
Non-poor urban households           

Agriculture  55.95  -0.25 -0.07 0.05  -0.02 0.00 0.03 
Industry  34.93  -0.65 -0.21 0.04  -0.55 -0.20 0.00 
Private services  14.83  -3.22 -1.21 0.16  -1.74 -0.67 0.12 
Transportation services  10.80  -2.28 -0.81 -0.02  -2.03 -0.75 -0.07 
Acknowledged education services  9.42  12.72 4.60 2.06  6.22 2.21 1.16 
Vocational training  0.83  16.84 6.06 2.29  -2.95 -1.26 0.31 
Health  10.91  -2.35 -0.97 -0.04  -1.33 -0.55 0.00 
Other government services  8.10  -4.72 -1.87 0.07  -2.37 -0.95 0.10 
Total  145.77  -0.04 -0.02 0.23  -0.22 -0.10 0.12 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results.  
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Table 7-9: Impacts on rural household consumption between 2021 and 2054, percentage change compared to the baseline scenario 

  
Total in the initial year 

(billion units) 

 agriVEcost  agriSector 
Short 
-run 

Medium 
-run 

Long 
-run 

Short 
-run 

Medium 
-run 

Long 
-run 

(%) (%) (%) (%) (%) (%) 
Poor rural households 

          

Agriculture 
 

73.59  -0.44 -0.12 0.15  0.31 0.14 0.13 
Industry 

 
42.20  -0.75 -0.24 0.18  0.23 0.10 0.16 

Private services  
 

9.92  -2.35 -0.86 0.36  0.12 0.02 0.33 
Transportation services 

 
6.46  -1.63 -0.55 0.21  0.44 0.18 0.24 

Acknowledged education 
 

8.47  9.06 3.19 1.77  5.66 1.98 1.14 
Vocational training 

 
1.31  12.16 4.30 1.93  -1.26 -0.59 0.55 

Health 
 

5.61  -1.75 -0.69 0.16  0.28 0.11 0.24 
Other government services 

 
3.35  -3.51 -1.33 0.33  -0.35 -0.16 0.36 

Total  150.92  -0.04 0.01 0.32  0.61 0.23 0.25 
Non-poor rural households           
Agriculture 

 
66.34  -0.33 -0.09 0.09  0.32 0.14 0.09 

Industry 
 

37.71  -0.70 -0.24 0.10  0.18 0.07 0.09 
Private services  

 
11.95  -3.16 -1.22 0.24  -0.29 -0.16 0.26 

Transportation services 
 

10.31  -1.93 -0.73 0.07  0.07 0.02 0.15 
Acknowledged education 

 
5.05  13.98 5.03 2.29  8.50 3.05 1.45 

Vocational training 
 

0.79  18.70 6.73 2.55  -2.00 -0.94 0.47 
Health 

 
5.86  -2.25 -0.95 0.04  0.01 -0.02 0.19 

Other government services 
 

5.95  -4.76 -1.92 0.15  -1.02 -0.45 0.28 
Total  143.96  -0.34 -0.14 0.22  0.50 0.18 0.19 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results.  
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Table 7-10: Impacts on total household consumption by location and income level between 2021 and 2054, percentage change compared to the baseline scenario 

  
Total in the 
initial year 

(billion units) 

 agriVEcost  agriSector 

Short 
-run 

Medium 
-run 

Long 
-run 

Short 
-run 

Medium 
-run 

Long 
-run 

(%) (%) (%) (%) (%) (%) 

Classification according to income level           

Poor households  242.64  -0.18 -0.04 0.31  0.02 0.01 0.20 

Non-poor households  262.87  -0.21 -0.09 0.23  0.19 0.06 0.16 

Total  505.51  -0.20 -0.08 0.25  0.14 0.04 0.17 

Classification according to location           

Urban households  184.51  -0.13 -0.05 0.24  -0.47 -0.20 0.11 

Rural households  321.00  -0.24 -0.09 0.26  0.53 0.20 0.21 

Total  505.51  -0.20 -0.08 0.25  0.14 0.04 0.17 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results.  
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7.3.5 Macroeconomic indicators 

The impact on real GDP from the expenditure side under two scenarios over the simulation 

period is illustrated in Figure 7-6. The ‘agriVET’ scenario drives down real GDP growth by 

1.0% in the short-run (Table 7-12). This is caused by increased enrollment in primary and 

agricultural VET cycles (Table 7-4). As a result, the total labor supply falls significantly in this 

scenario (Table 7-3). This -in turn- drives production costs up, which reduces real total 

production by 1.0% (Table 7-12), particularly for the non-shocked sectors. 

 

Figure 7-6: Impacts on the growth rate of real GDP from the expenditure side, between 2012-2050, 

percentage change compared to the baseline scenario 

Source: Author’s calculations based on simulation results. 

Table 7-11 shows the accumulated (2021 to 2050) present-values of real GDP and transfers 

from abroad to government in US$ as well as present-values of deviations from the baseline. It 

indicates that real GDP is about 14.17 million US$ higher under the ‘agriVET’ scenario 

compared to the ‘agriSrctor’ scenario, which is accompanied by the high growth of human and 

capital stock. In contrast, the ‘agriVET’ scenario requires (14.17 million US$) more transfers 

from abroad to government than the ‘agriSector’ scenario. This can be explained by high 

enrollment in the ‘agriVET’ scenario. 
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Table 7-11: Accumulated discounted real GDP from the expenditure side and foreign transfers to 

government between 2021 and 2050 in SDG, US (2016) dollars and percentage 

Scenario 
Accumulated values (2021-2050)  Deviation from the baseline 

SDG million US$ million  US$ million % 

Real GDP from the expenditure side     

Baseline 53,308.5 8,201.3  0.0 0.0 

agriVET 53,404.1 8,216.0  14.7 0.2 

agriSector 53,381.8 8,212.6  11.3 0.1 

Foreign transfers to government     

Baseline 990.8 152.4  0.0 0.0 

agriVET 1,030.0 158.5  6.0 4.0 

agriSector 1,028.5 158.2  5.8 3.8 

Source: Author’s calculations based on simulation results. 

Table 7-12 shows the effects on macroeconomic indicators at constant prices over the 

simulation period. In the ‘agriVET’ scenario, the low cost of primary education and agricultural 

VET services decreases real household demand by 0.2% in the short-run. Simultaneously, real 

government demand falls by 3.4%, which is driven by a drop in the tax revenues. In addition, 

the reduction in external balance drives down real fixed investment by 2.1%. Moreover, the fall 

in production reduces the quantity of exported products by 1.3% in the short-run. The decrease 

in household consumption leads to reduce the demand for imported commodities by 0.6%.  

The ‘agriSector’ scenario increases household consumption of agricultural products. This 

growth drives up real imports slightly in the short-run. Depreciation of the domestic currency 

and the growth of domestic consumer demand increase real imports marginally in the short-run.  

In the long-run, the ‘agriVET’ scenario drives up the economy more than in compared to the 

‘agriSector’ scenario. This is because the growth of the human capital stock in the ‘agriVET’ 

scenario. 
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Table 7-12: Impacts on the macroeconomic indicators at the real value between 2021 and 2050, percentage change compared to the baseline scenario 

  Total in the initial year  
(SDG billion)  

agriVET 

 

agriSector 
Short 
-run 

Medium 
-run 

Long 
-run 

Short 
-run 

Medium 
-run 

Long 
-run 

(%) (%) (%) (%) (%) (%) 

Private consumption  505.51  -0.24 -0.09 0.24  0.13 0.04 0.17 

Government consumption  63.38  -3.35 -1.44 0.02  -1.59 -0.70 0.08 

Fixed investment consumption  142.34  -2.13 -0.91 0.03  -1.20 -0.51 0.05 

Absorption  711.23  -0.99 -0.41 0.18  -0.35 -0.16 0.13 

Import demand  54.25  -0.63 -0.25 0.07  0.05 0.02 0.08 

Export supply  18.86  -1.27 -0.46 0.09  0.11 0.03 0.11 

Real GDP   675.83  -1.02 -0.43 0.18  -0.37 -0.17 0.14 

Total domestic production  958.86  -0.76 -0.32 0.16  -0.08 -0.05 0.14 

Short-run: 2021-2025, medium-run: 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results. 
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7.3.6 Sensitivity analysis 

For checking the robustness of model results, a sensitivity analysis is conducted with the 

variation in values of two key elasticities: a) for the CES aggregation production function of 

different labor categories; and b) for the logistic functions used for human capital accumulation. 

Due to the unavailability of empirical data for the Sudan, elasticity values are guessed150. 

For production functions, substitution elasticities measure the ease with which can be 

substituted between production factors. Elasticities of the logistic function elasticities capture 

ET decisions' responsiveness to changes in the socioeconomic determinants.  

For each type of elasticity, two scenarios are constructed considering high and low values.  In 

the high-value scenario, the elasticity value is set to increase by 50% above the base value, as 

shown in Table 7-13. The low-value scenario decreases the base values of the selected elasticity 

by 50%. 

The ‘agriVET’ scenario is used for conducting the sensitivity analysis regarding the changes in 

elasticity values. In this scenario, the expansion of primary education and agricultural VET 

system increases ET enrollment in the short-run (section 7.3.3). This reduces the total labor 

supply and increases wage rates (section 1.1.1). As a consequence, total production goes down, 

particularly for non-shocked sectors (section 7.3.1). This drives down household welfare in the 

short-run, as shown in Figure 7-7. 

The sensitivity analysis shows insignificant changes in the majority of macroeconomic 

indicators, which are considered in this chapter. Thus, changes in household welfare indicators 

are demonstrated in the remainder of this section.  

The short-run growth of ET output boosts the supply of educated and trained labor in the long-

run. This drives up household income and consumption (section 7.3.4). Consequently, domestic 

production goes up (section 7.3.1). Therefore, all households benefit from the implemented 

policy in the long-run. Nevertheless, effects on household welfare vary across different 

household groups due to variation in consumption pattern and factor ownership across groups. 

                                                
150 For more information about estimation of elasticity values, see Chapter 5, section 5.8. 
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Table 7-13: Elasticity values for CES on production factors under three scenarios 

 Low-value Base value High-value 

Aggregate vocationally educated and trained labor 1.50 3.00 4.50 

Aggregate non-secondary educated labor 2.00 4.00 6.00 

Aggregate secondary educated and vocationally trained labor 1.25 2.50 3.75 

Aggregate non-tertiary educated labor 0.75 1.50 2.25 

Aggregate labor 0.35 0.70 1.05 

Source: Author's compilation. 

Table 7-14: Elasticities of various determinants by household groups under three scenarios 

 Low-value Base value High-value 

Poor urban households    

Education and training quality 0.30 0.60 0.90 

Direct costs of education and training 0.25 0.49 0.74 

Wage premium  0.10 0.20 0.30 

Non-poor urban households    

Education and training quality 0.25 0.50 0.75 

Direct costs of education and training 0.20 0.39 0.59 

Wage premium  0.05 0.10 0.15 

Poor rural households    

Education and training quality 0.40 0.80 1.20 

Direct costs of education and training 0.35 0.69 1.04 

Wage premium  0.20 0.40 0.60 

Non-poor rural households    

Education and training quality 0.35 0.70 1.05 

Direct costs of education and training 0.30 0.59 0.89 

Wage premium  0.15 0.30 0.45 

Source: Author's compilation. 
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Figures 7-7 and 7-8 show results of the sensitivity analysis for household welfare. The figures 

illustrate those changes in the elasticity values of labor demand and ET output functions do not 

considerably change. However, the magnitudes of the results vary across the values.  

For high values of substitution elasticity, household welfare is more pronounced than those for 

low values. In the short-run, with the growth of labor demand and with higher elasticities, 

producers use low educated and trained labor (the highest share of labor force). This increases 

total production, driving up consumption and welfare of households in the long-run. 

In contrast, with the low values of elasticities, producers cannot satisfy their demand of 

educated and skilled labor in the short-run. Wages of educated and trained labor increase at 

higher rate causing lower rate of growth of domestic production. The shrinking of domestic 

production reduces benefits to households from their labor, even when the educated and trained 

labor is supplied in the long-run. 

With high-value elasticities of ET output functions, households are more responsive to changes 

in ET determinants. Consequently, total ET enrollment and graduation grow high in this case. 

This causes a higher rate of supply of educated and trained labor in the long-run.  

As noted earlier, responsiveness of households is driven by variation in elasticity values, 

therefore, it differs by location and income qualities151.

                                                
151 For more information, see Chapter 5. 
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Figure 7-7: Sensitivity analysis on elasticity of CES aggregation for labor groups, EV as a share of household expenditure in the corresponding year in the baseline 

scenario 

Source: Author’s calculations based on simulation results. 
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Figure 7-8: Sensitivity analysis on elasticity of logistic function for human capital accumulation, EV as a share of household expenditure in the corresponding year in the 

baseline scenario 

Source: Author’s calculations based on simulation results.
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7.4 Conclusion 

The aim of this chapter is to identify the optimal policy to enhance participation of agricultural 

vocationally educated and trained labor in the economy in the Sudan. Two policies are 

developed in order to achieve the target objective. The first policy of expanding agricultural 

VET system aims to increase labor supply with agricultural skills by enhancing the agricultural 

VET graduation and enrollment (push effect). This is conducted by increasing government 

support for agricultural VET, implementing as a reduction in the value-added taxes in the 

agricultural VET system. The second policy expands the agricultural sector by decreasing sales 

taxes on its products and this intends to boost enrollment and graduation of agricultural VET 

through increasing demand for agricultural vocationally educated and trained labor (pull effect). 

Both policies expand primary education by decreasing its value-added taxes paid by 

households. This expansion is a must to reduce the number of out-of-school children in the 

Sudan and to increase graduates from primary education who qualify for agricultural VET. 

The policy of expanding agricultural VET (‘agriVET’ scenario) boosts the supply of agricultural 

vocationally educated and trained labor. Nevertheless, this growth does not enhance the 

agricultural sector, which shrinks in response to increasing production costs. The significant 

growth of the wage premium determinant for the tertiary cycle encourages secondary 

agricultural VE graduates to enter the tertiary cycle. Hence, the increase in the supply of 

secondary agricultural vocationally educated labor is slightly reduced. The low growth of the 

agricultural sector alongside the significant growth of agricultural vocationally trained labor 

lowers the wage rate of agricultural vocationally trained labor. As a result, graduation and 

enrollment of agricultural VT goes down instantly after abolishing the policy.  

The policy of enhancing the agricultural sector (‘agriSector’ scenario) boosts secondary 

agricultural VE enrollment and graduation. This increases the supply of secondary agricultural 

educated labor, which is driven by the increase in its wage premium. As this policy does not 

change agricultural VT costs, those with no education or training are not motivated to enhance 

their skill level. 

Comparing the long-run effects of the two policies on the growth in the supply of agricultural 

vocationally educated and trained labor shows that enhancing agricultural sector has lower 

effects, which is caused by the lower growth of human capital. Nevertheless, this policy drives 
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up the wage rates, motivating primary graduates to favor secondary agricultural VE over other 

secondary cycles.  

Looking at the effects on real GDP under the two policies shows that the policy of enhancing 

the agricultural sector lowers real GDP at a lower rate compared to the policy of expanding 

agricultural VET in the short-run. The latter policy increases ET enrollment, driving down the 

total supply and national production. This policy increases real GDP in the long-run, which is 

accompanied by human growth.  

The sensitivity analysis concerning the elasticity values changes in labor demand and ET output 

equations shows that simulation results are influenced by the elasticity values. However, the 

order of size as well as sign of the results across different elasticity values does not change, 

indicating closet results. 
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8. Conclusions and Outlook 

The VET system has been identified as a potential engine for achieving economic growth 

(Mouzakitis, 2010). It is one of the crucial determinants of human capital accumulation, 

particularly in developing countries (Bennell and Segerstrom, 1998). It plays a valuable role in 

preparing people to enter the job market through skill development (Ahmed, 2016). 

The VET system can be classified into two types according to the beneficiaries. First, VE 

services are provided only to those who successfully finish the last grade of primary education, 

which is secondary education. Second, VT services are provided to all working-age individuals 

(15-64 years). Besides, the VET system can offer multiple types of programs, e.g., agricultural 

and non-agricultural, which reflect realistic activity needs. 

Enhancing VET services can boost enrollment and graduation rates, resulting in a high supply 

of VET graduates. Such policy measure has cascading effects inside ET as well as the labor 

market. High consumption of secondary VE (available for those who finished primary 

education) comes at the expense of (a) reduction in enrollment in the secondary non-VE cycle, 

(b) reduction in the supply of primary educated labor to the job market, and (c) eligibility to 

continue to tertiary education. Similarly, high consumption of VT (available to the workforce 

as a whole) comes at the expense of decreasing the uneducated and untrained labor supply in 

the job market. Overall, labor force composition changes and allows skill-biased technical 

changes in the economy152.  

Choices of individuals to consume VET services are usually determined based on a combination 

of socioeconomic determinants (e.g., wage premium, direct cost, quality). Some determinants 

have a positive incentive to make such a choice (e.g., quality and wage premium), while others 

have a negative one (e.g., direct cost). The final decision is then modeled as the outcome of 

combining the effects of those determinants. 

Existing CGE models that focus on education either do not consider various determinants or do 

not consider various links between VET and the workforce that are exemplified above153. Most 

of these models do not consider the VT component of the ET system. They also do not 

                                                
152 Violante  (2008) defines skill-biased technical change as “a shift in the production technology that favors 

skilled over unskilled labor by increasing its relative productivity and, therefore, its relative demand”. 
153 Chapter 3 provides a literature review of existing education-focused CGE models. 
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distinguish between VE and non-VE cycles at the secondary level. More importantly, there is 

no consistency in disaggregating human capital (ET qualifications) and the labor force. Thus, 

substantial information about the movement of educational outputs across labor categories is 

not captured. This makes the analysis of distributive effects of ET policy measures incomplete.  

This dissertation develops a quantitative economy-wide simulation model to fill the gap in 

existing education-focused CGE models. The model is used to analyze the implications of 

various ET policy measures on economic growth and income distribution, taking the Sudan as 

a case. 

Section 8.1 provides the key findings related to the research objectives. Policy implications in 

two applications are summarized in section 8.2. Section 8.3 discusses the limitations of this 

dissertation and outlook to future research. 

8.1 Key methodological and empirical findings 

The main objective of this dissertation is to develop a recursive-dynamic single-country CGE 

model, which accommodates AKE and VT components of the ET system. It also captures 

exiting bridges between cycles and links ET inputs and outputs to the labor force to enable 

tracking of economic effects of ET policies154. 

STAGE-Edu is based on STAGE Version 2, developed by McDonald and Thierfielder (2015). 

The evolution of the physical capital stock is modeled following Thurlow (2004). The model 

adopts the educational structure of the MAMS model, suggested by Lofgren et al. (2013), to 

capture the impacts of ET on the economy using logistic functions and CEFs. STAGE-Edu 

considers decisions about consuming different types of ET. These decisions are the outcome of 

a set of socioeconomic determinants, which vary according to the circumstances of the country 

under study. 

In STAGE-Edu, the labor force is disaggregated consistently with ET structure. This 

disaggregation links each labor group to an ET level. The model adopts six-nested production 

functions for combining various labor groups to reflect different levels of substitutability among 

labor categories. Chapter 4 contains details about the design of this version of STAGE-Edu.  

                                                
154 ET inputs refers to entrants from NEET and the labor market. While ET outputs refers to dropouts and 

graduates.  
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To calibrate STAGE-Edu for the country under study, a SAM for the Sudan for the year 2016 

is developed155. This SAM is built on the 2012 SAM for the Sudan developed by Siddig et al. 

(2018) and data for the year 2016. The SAM is constructed using a top-down approach. First, a 

Macro-SAM is built using data collected from various sources, including domestic sources 

(e.g., CBS (2017), CBoS (2017), FMoHRDL (2013)) and foreign sources (UNESCO (2018a) 

and World Bank (2018)). Second, Micro-SAM is developed by disaggregating all accounts 

related to ET, including production factors and household accounts. The SAM includes ET 

services are included as current expenditure, following the Keynesian theory. The SAM is 

supplemented with satellite accounts containing additional information (quantity) on factor uses 

by activities, data on the ET system (e.g., graduation, dropouts, enrollment by grade, cycle, and 

household), and elasticity parameter values. Chapter 5 contains details of constructing the 2016 

SAM for the Sudan. 

The first application, in Chapter 6, evaluates ET policy options for decreasing the number of 

out-of-school children in the Sudan. Options differ in their targeted cycles of ET and the 

allocated budget to each cycle, relative to the baseline size. The model specifications in this 

application distinguish secondary VE from secondary non-VE cycles, but it does not capture 

the transformation of low educated and trained labor through VT.  

Main findings of this application is that reducing the private household costs on the primary 

cycle yields a significant reduction in the number of out-of-school children and considerable 

positive impacts throughout the economy, reflected in GDP growth. The side effect is increasing 

the number of dropouts from secondary cycles due to increased private cost for households. As 

for the source of financing the policy, simulation results show that economic benefits are more 

significant when using foreign transfers compared to the distortionary financing instruments 

(sales tax and income tax). 

The second application, in Chapter 7, evaluates policy options that aim at supporting the 

development of the agricultural sector in the Sudan by addressing one of its significant 

challenges; namely, the lower productivity attributed to inadequate labor skills. Findings from 

the previous application are considered in the design of policy options for this application. More 

importantly, under the initial endowment of labor factor (skills) in the Sudan, any ET-side policy 

of enhancing the supply of skilled labor (agricultural VET graduates) can potentially have 

                                                
155 Chapter 2 discusses ways of incorporating ET in the SAM. 
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significant adverse effects of changing the composition of the labor force, which undermine the 

policy effectiveness 156. Therefore, enhancing primary education is included in each policy 

option in this application. Model specifications distinguish agricultural from non-agricultural 

VET. Moreover, links between the labor force and VT are included using CEFs, and additional 

decisions are incorporated in order to capture labor transformation through VT. 

Expanding agricultural VET (ET-side policy) drives up agricultural VET enrollment and 

graduation. Simultaneously, it shrinks agricultural sector growth due to decreasing its consumer 

demand. This reduction drives down the wage rate of agricultural vocationally educated and 

trained labor. In contrast, economic effects resulting from the alternative policy option, inducing 

growth in agricultural production, are more dispersed in the economy, thus, achieving lower 

changes in terms of changing the share of agricultural ET labor. This is because while labor 

income distributed to households increases significantly due to the high wage rate of labor, this 

is not restricted to agricultural vocationally educated and trained labor. Results on the macro 

level show that GDP and total income (across all households) are higher in the ET-side policy 

compared to the policy of supporting the agricultural sector. 

The sensitivity analysis confirms that changes in elasticity values in labor demand or ET output 

equations do not significantly affect the direction and magnitude of simulation results. This 

indicates that the model provides a robust set of results. 

8.2 Policy implications 

This research shows that enhancing the ET system in the Sudan has substantial impacts on the 

economy as a whole. In the long-run, policy measures on the ET-side induce the desired change 

in the choices of households to increase their consumption of ET services. 

The primary cycle plays a critical role in supplying all other cycles in the ET system with 

eligible students. The recommended policy measure enables subsequent transition of primary 

graduates across the post-primary cycles (a pre-requisite). With proportional resources devoted 

to the primary cycle, additional children enter ET. To achieve reduction in the number of out-

of-school children (age group 6-15), the recommended policy measure is to enhance both 

                                                
156 The goal of increasing supply of skilled labor potentially leads to low wage-premiums in the job market, and 

low household income of the specific households providing labor to the sector. 
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primary and secondary ET cycles in order to encourage graduates of primary education to 

continue to the secondary level.  

The challenge of low productivity of agricultural labor in the Sudan can be addressed through 

the expansion of agricultural VET services. In the long-run, such targeted policy of enhancing 

labor factor (with agricultural skills) translates into a significant contribution to the growth of 

GDP and household income, particularly the poorest. 

8.3 Limitations and suggestions for future research 

With respect to the model specifications, STAGE-Edu excludes child labor from the analysis 

by assuming that school leavers (both graduates and dropouts) under the age of 15 years do not 

join the job market. Another assumption is that those who have a post-primary education 

certificate cannot join VT. These assumptions are necessary to reduce the complexity of 

linkages between ET and the labor force and facilitate a meaningful interpretation of model 

results, but they do not reflect the reality in developing countries, e.g., the Sudan.  

Assuming that labor factors are fully employed in the job market might not reflect the real 

situation of the labor market in the Sudan, where the unemployment rate is 24% for those 

between 15 and 64 years of age. Different recommendations could be induced from assessing 

the same ET policy options under different settings, which are closer to the reality in developing 

countries. 

Concerning the data requirements, STAGE-Edu uses elasticity values for the human capital 

functions (logistic function and CEFs). Therefore, values of elasticities for each cycle and 

household are required to govern household responsiveness to the ET determinants. These 

values are usually not available, particularly in developing countries. Consequently, the values 

used in the applications are expert estimates for the Sudan. This, in turn, requires further time 

for running of sensitivity analyses and substantial effort to interpret the results.  

Another limitation is that the data does not allow the analysis to consider differences between 

genders. Knowing that most agricultural labor in in the Sudan are females and that cultural 

norms influence this tendency by favoring one gender over the other in the decision to send to 

schools, the estimated effects of policy may be distorted. 
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9. Addendum: A Full Description of STAGE_Edu 

This chapter provides a full description of STAGE-Edu developed and used in this dissertation. 

STAGE-Edu model is developed based on the STAGE version (2) of McDonald and 

Thierfielder (2015). Physical and human capital stocks are accumulated following the dynamic 

frameworks suggested by Thurlow (2004) and Lofgren et al. (2013), respectively. Novel 

extensions are conducted to accommodate the VET system, addressing the research gap related 

to depicting the ET system. 

STAGE-Edu is a recursive-dynamic single-country CGE model, written in the GAMS software. 

The model included a generalized system of nested CES functions in the production process. 

Furthermore, it captures all potential linkages between AKE and VT systems, and links ET 

outputs via the labor force.  

Like other CGE models, STAGE-Edu model is based on a SAM, which defines the economic 

agents and serves as a benchmark database for calibrating the model. The SAM usually should 

include detailed information about the ET system in the country. The labor factor is 

disaggregated, consistent with the structure of the adopted ET system in the SAM. Moreover, 

government services are classified by function, i.e., health, education, and public 

administration. Chapter 5 provides an example of a SAM used to calibrate STAGE-Edu and the 

non-SAM dataset, required to run STAGE-Edu. It also provides development of the SAM for 

the Sudan for the year 2016. 

The remainder of this chapter explains the mathematical statement of STAGE-Edu. Section 9.1 

provides a full description of the core CGE module. The mathematical and theoretical 

framework of the education and training module is explained in section 9.2. 

9.1 Core module 

The core module presents the standard (without ET extensions) recursive-dynamic CGE model. 

It includes equations covering the price and quantity relationships on the product market (9.1.1), 

factor income and unemployment (9.1.2), transaction relations in domestic institutional 

accounts (9.1.3), savings and investment (9.1.4), foreign account (9.1.5), the updating process 
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of physical capital stock and productivity (0), and market-clearing conditions and macro 

closures (9.1.6). 

9.1.1 Price and quantity transaction relations 

9.1.1.1 Trade 

STAGE-Edu, like other CGE models, assumes imperfect transformability between 

exports (𝑄𝐸𝑐,𝑡) and domestic sales (𝑄𝐷𝑐,𝑡). This specification allows distributing the local 

production (𝑄𝑋𝐶𝑐,𝑡) among domestic and foreign markets, using Constant Elasticities of 

Transformation (CET) assumptions (EX2). This allocation is governed by the first-order 

condition (FOC) to find the optimal export-domestic price ratio (EX3). 

STAGE-Edu classifies the commodities into tradable or non-tradable, locally produced or non-

produced, and locally consumed or non-consumed. In the absence of exports, the supply of 

products in local markets equals the country's total production (EX5). 

The export price (𝑃𝐸𝑐,𝑡) that received by domestic suppliers is expressed in domestic currency 

as the product of the world price of export (𝑃𝑊𝐸𝑐,𝑡) and exchange rate (𝐸𝑅𝑡). It is also adjusted 

to account for transaction costs on exports (trade and transport margin) as well as ad valorem 

export duties (𝑇𝐸𝑐,𝑡) (EX1), as shown on the right side of Figure 9-1. 

The model applies the economic assumption. Hence, world market prices are assumed constant. 

In the case of dropping this presumption, the world market prices are endogenously determined, 

using a constant elasticity export demand function (EX4).  

Local consumers consume imperfectly substitutable imports (𝑄𝑀𝑐,𝑡) and domestic products 

(𝑄𝐷𝑐,𝑡) according to an Armington function (IM2 and IM3). For a commodity with only one 

source of supply (domestic or import, but not both), the quantity produced equals the quantity 

demanded by the domestic consumers (IM4). 

In STAGE-Edu, imported commodities are valued cost insurance and freight (CIF). Hence, the 

import price (𝑃𝑀𝑐,𝑡) is defined as the product of the world market price of imports (𝑃𝑊𝑀𝑐,𝑡), 

the exchange rate (𝐸𝑅𝑡) and ad valorem import duties (𝑇𝑀𝑐) (IM1), as illustrated on the left 

side of Figure 9-1. Local consumers consume imperfectly substitutable imports (𝑄𝑀𝑐,𝑡) and 
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domestic products (𝑄𝐷𝑐,𝑡) according to an Armington function (IM2 and IM3). For a 

commodity with only one source of supply (domestic or import, but not both), the quantity 

produced equals the quantity demanded by the domestic consumers (IM4). 

 

Figure 9-1: Quantity and price relationships in STAGE-Edu 

Source: Author's compilation based on McDonald and Thierfielder (2015). 
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𝑇𝑋𝐸𝑐,𝑡 

𝑇𝑆𝑐,𝑡 

𝑇𝑄𝑆𝑐,𝑡 

𝑃𝑄𝐷𝑐,𝑡 

𝑇𝑉𝑐,𝑡 
∑𝑞𝑑𝑠𝑡𝑐,𝑖𝑛𝑠,𝑡

𝑖𝑛𝑠

 

𝑄𝐼𝑁𝑉𝐷𝑐,𝑡 

𝑄𝑇𝑇𝐷𝑐,𝑡 

𝑄𝐼𝑁𝑇𝐷𝑐,𝑡 

𝑄𝐺𝐷𝑐,𝑡 

∑𝑄𝐸𝐷𝑐,𝑒,𝑡

𝑒

 

∑𝑄𝐶𝐷𝑐,ℎ,𝑡

𝑐

 

∑(𝑖𝑜𝑞𝑡𝑑𝑞𝑡𝑡𝑐,𝑡  . 𝑃𝑇𝑇𝑐,𝑡)

𝑚

 

σ is CES- aggregation function; Ω is CET-aggregation function; 𝜃 is Leontief function 

  

𝑃𝑋𝑎,𝑡 
𝑄𝑋𝑎,𝑡 

𝑃𝑋𝐴𝐶𝑎2,𝑐,𝑡 𝑄𝑋𝐴𝐶𝑎2,𝑐,𝑡 𝑃𝑋𝐴𝐶𝑎3,𝑐,𝑡 𝑄𝑋𝐴𝐶𝑎3,𝑐,𝑡 𝑄𝑋𝐴𝐶𝑎1,𝑐,𝑡 𝑃𝑋𝐴𝐶𝑎1,𝑐,𝑡 

𝑇𝑋𝑎,𝑡 

𝜃/Ω𝑥𝑎𝑐 

𝜃
/𝜎  

𝑄𝑋𝐶𝑐,𝑡 𝑃𝑋𝐶𝑐,𝑡 

Ω𝑐 Ω𝑐 

𝑃𝐸𝑐,𝑡  𝑃𝐷𝑆𝑐,𝑡  𝑄𝐸𝑐,𝑡 𝑄𝐷𝑐,𝑡 𝑄𝑀𝑐,𝑡 

𝑃𝑊𝐸𝑐,𝑡  .  𝐸𝑅𝑡  

𝑇𝐸𝑐,𝑡 

𝑃𝐷𝑐,𝑡 

𝑃𝑊𝑀𝑐,𝑡  . 𝐸𝑅𝑡  

𝑇𝑀𝑐,𝑡 

𝑃𝑀𝑐,𝑡 

𝜎𝑐 

𝑄𝑄𝑐,𝑡 

𝜎𝑐 

𝑃𝑄𝑆𝑐,𝑡  

𝜃/𝜎𝑎𝑐 

𝜃/Ω𝑥𝑎𝑐 
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Table 9-1: Export block equations 

No Equation 
Number of 

Variables and 
Equations 

Variables 

(EX1) 𝑃𝐸𝑐,𝑡 = 𝑃𝑊𝐸𝑐,𝑡 ∙ 𝐸𝑅𝑡 ∙ (1 + 𝑇𝐸𝑐,𝑡)            − ∑𝑃𝑇𝑇𝑚,𝑡

𝑚

∙ 𝑖𝑜𝑞𝑡𝑡𝑞𝑒𝑚,𝑐,𝑡     ∀ 𝑐𝑒 𝑐, 𝑡 𝑃𝐸𝑐,𝑡 

(EX2) 𝑄𝑋𝐶𝑐,𝑡 =  𝛼𝑐
𝑡 ∙ (𝛽𝑐

𝑡  ∙ 𝑄𝐸𝑐,𝑡
𝜌𝑐

𝑡

+ (1 − 𝛽𝑐
𝑡) ∙ 𝑄𝐷𝑐,𝑡

𝜌𝑐
𝑡

)

1

𝜌𝑐
𝑡
   ∀ 𝑐𝑒 𝑨𝑵𝑫 𝑐𝑑 𝑐, 𝑡 𝑄𝐷𝑐,𝑡  

(EX3) 𝑄𝐸𝑐,𝑡

𝑄𝐷𝑐,𝑡
 =  [

𝑃𝐸𝑐,𝑡

𝑃𝐷𝑐,𝑡
 ∙

(1 − 𝛽𝑐
𝑡)

𝛽𝑐
𝑡 ]

1

(𝜌𝑐
𝑡−1)

            ∀ 𝑐𝑒 𝑨𝑵𝑫 𝑐𝑑 𝑐, 𝑡 𝑄𝐸𝑐,𝑡 

(EX4) 𝑄𝐸𝑐,𝑡   =    𝑒𝑐𝑜𝑛𝑐,𝑡 ∙   [
𝑃𝑊𝐸𝑐,𝑡

𝑝𝑤𝑠𝑒𝑐,𝑡
]

−𝜌𝑐
𝑒

             ∀ 𝑐𝑒𝑑 
Export demand function when assuming a 
large country 

(EX5) 𝑄𝑋𝐶𝑐,𝑡  = 𝑄𝐷𝑐,𝑡  + 𝑄𝐸𝑐,𝑡  
∀( 𝑐𝑒𝑛 𝑨𝑵𝑫 𝑐𝑑)  

𝑶𝑹 ∀( 𝑐𝑒 𝑨𝑵𝑫 𝑐𝑑𝑛)   

Supply function for non-exported or only 
exported commodities 
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Table 9-2: Import block equations 

No  Equation 
Number of 

Variables and 
Equations 

Variables 

(IM1) 𝑃𝑀𝑐,𝑡  =  𝑃𝑊𝑀𝑐,𝑡 ∙ 𝐸𝑅𝑡  ∙ (1 − 𝑇𝑀𝑐,𝑡)      ∀ 𝑐𝑚 𝑐, 𝑡 𝑃𝑀𝑐,𝑡 

(IM2) 𝑄𝑄𝑐,𝑡 =   𝛼𝑐
𝑐 ∙ (𝛽𝑐

𝑐 ∙ 𝑄𝑀𝑐,𝑡
− 𝜌𝑐

𝑐

+ (1 − 𝛽𝑐
𝑐) ∙ 𝑄𝐷𝑐,𝑡

−𝜌𝑐
𝑐

)
− 

1
𝜌𝑐

𝑐

      ∀ 𝑐𝑚 𝑨𝑵𝑫 𝑐𝑥 𝑐, 𝑡 𝑄𝑄𝑐,𝑡 

(IM3) 𝑄𝑀𝑐,𝑡

𝑄𝐷𝑐,𝑡
 =  [

𝑃𝐷𝑐,𝑡

𝑃𝑀𝑐,𝑡
∙

𝛽𝑐
𝑐

(1 − 𝛽𝑐
𝑐)

]

1
(1+𝜌𝑐

𝑐)

     ∀ 𝑐𝑚 𝐴𝑁𝐷 𝑐𝑥 𝑐, 𝑡 𝑄𝑀𝑐,𝑡  

(IM4) 𝑄𝑄𝑐,𝑡  =   𝑄𝐷𝑐,𝑡  + 𝑄𝑀𝑐,𝑡       ∀( 𝑐𝑚𝑛 𝑨𝑵𝑫 𝑐𝑥) 𝑶𝑹  ∀( 𝑐𝑚 𝑨𝑵𝑫 𝑐𝑥𝑛) Supply function for non-imported or only 
imported commodities 
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9.1.1.2 Trade and transport margins 

Trade and transport margins represent the costs of delivering the goods to consumers (domestic 

or foreign). The demand for trade and transport services in the economy (𝑄𝑇𝑇𝑚,𝑡 ) is defined as 

the product of margin services quantity per unit to transferred goods and total demand for the 

goods (M2). Leontief technology is employed to define the quantity of the service commodity 

per unit of trade and transport margin (M3)𝑄𝑇𝑇𝐷𝑚,𝑡 ) (M3). This specification permits to define 

the cost of margin services (𝑃𝑇𝑇𝑚,𝑡) as a weighted average of the costs of the goods used in its 

production (M1). 

Table 9-3: Trade and transport margins block equations 

No  Equation 
Number of 

Variables and 
Equations 

Variables 

(M1) 𝑃𝑇𝑇𝑚,𝑡  =  ∑𝑖𝑜𝑞𝑡𝑑𝑞𝑡𝑡𝑐,𝑡  ∙  𝑃𝑄𝐷𝑐,𝑡

𝑐

 𝑚, 𝑡 𝑃𝑇𝑇𝑚,𝑡  

(M2) 

𝑄𝑇𝑇𝑚,𝑡 = ∑( 𝑖𝑜𝑞𝑡𝑡𝑞𝑞𝑚,𝑐,𝑡 ∙ 𝑄𝑄𝑐,𝑡)

𝑐

 

               + ∑( 𝑖𝑜𝑞𝑡𝑡𝑞𝑒𝑚,𝑐,𝑡  ∙ 𝑄𝑀𝑐,𝑡)

𝑐

 
𝑚, 𝑡 𝑄𝑇𝑇𝑚,𝑡 

(M3) 𝑄𝑇𝑇𝐷𝑐,𝑡 = ∑ 𝑖𝑜𝑞𝑡𝑑𝑞𝑡𝑡𝑐,𝑚,𝑡 ∙ 𝑄𝑇𝑇𝑚,𝑡

𝑚

 𝑐, 𝑡 𝑄𝑇𝑇𝐷𝑐,𝑡 

 

6.1.1.1 Commodity price 

The price of composite supply (𝑃𝑄𝑆𝑐,𝑡 ) is calculated from the CES-domestic supply 

relationship under the FOC assumption. It is defined as a weighted average of the value of 

domestic supplies and imports (P1). Similarly, the price of domestically produced commodities 

(𝑃𝑋𝐶𝑐,𝑡 ) is defined as a weighted average of the value of commodities produced domestically 

(P2). 

The purchaser price of the composite commodity (𝑃𝑄𝐷𝑐,𝑡 ) is defined based on the price of 

composite commodity, ad valorem sales taxes (𝑇𝑆𝑐,𝑡), ad valorem sales taxes (𝑇𝑄𝑆𝑐,𝑡), and 

excise taxes (𝑇𝑋𝑆𝑐,𝑡 ) (P3). 
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9.1.1.3 Numéraire 

STAGE-Edu has two possible price indices to serve as the model numeraire. These are the 

consumer price index and domestic producer price index. 

In each period, the consumer price index (𝐶𝑃𝐼𝑡) is calculated as a weighted sum of purchaser 

prices where the weights are the shares of each commodity in total demand (N1). The producer 

price index (𝑃𝑃𝐼𝑡)  is defined as a weighted sum of the supply prices for domestically produced 

commodities, where the weights are shares of the value of domestic supply (N2). 
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Table 9-4: Commodity block equations 

No  Equation 
Number of 

Variables and 
Equations 

Variables 

(P1) 𝑃𝑄𝑆𝑐,𝑡 = 
(𝑃𝐷𝑐,𝑡 ∙ 𝑄𝐷𝑐,𝑡)  + (𝑄𝑀𝑐,𝑡 ∙ 𝑃𝑀𝑐,𝑡  ) 

𝑄𝑄𝑐,𝑡 
  ∀ 𝑐𝑚 𝑶𝑹 𝑐𝑑 𝑐, 𝑡 𝑃𝑄𝑆𝑐,𝑡  

(P2) 𝑃𝑋𝐶𝑐,𝑡 = 
(𝑃𝐷𝑐,𝑡 ∙ 𝑄𝐷𝑐,𝑡) +  (𝑃𝐸𝑐,𝑡 ∙ 𝑄𝐸𝑐,𝑡) $𝑐𝑒

𝑄𝑋𝐶𝑐,𝑡
             ∀ 𝑐𝑥 𝑐, 𝑡 𝑃𝑋𝐶𝑐,𝑡 

(P3) 𝑃𝑄𝐷𝑐,𝑡 = 𝑃𝑄𝑆𝑐,𝑡 ∙ (1 + 𝑇𝑆𝑐,𝑡 + 𝑇𝑋𝐸𝑐,𝑡 + 𝑇𝑄𝑆𝑐,𝑡) + ∑𝑖𝑜𝑞𝑡𝑡𝑞𝑞𝑚,𝑐,𝑡 ∙ 𝑃𝑇𝑇𝑚,𝑡

𝑚

   ∀ 𝑐𝑑 𝑶𝑹 𝑐𝑚 𝑐, 𝑡 𝑃𝑄𝐷𝑐,𝑡 

 

Table 9-5: Numeraire block equation 

No Equation 
Number of 

Equation and 
Variables 

Variables 

(N1) 𝐶𝑃𝐼𝑡 =   ∑𝑐𝑜𝑚𝑡𝑜𝑡𝑠ℎ𝑐

𝑐

∙ (𝑃𝑄𝐷𝑐,𝑡  ∙ (1 + 𝑇𝑉𝑐,𝑡))   𝑡 𝐶𝑃𝐼𝑡  

(N2) 𝑃𝑃𝐼𝑡  =  ∑𝑣𝑑𝑑𝑡𝑜𝑡𝑠ℎ𝑐

𝑐

∙  𝑃𝐷𝑐,𝑡   𝑡 𝑃𝑃𝐼𝑡  
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9.1.1.4 Production 

STAGE-Edu employs six-stage nested production functions for activities, with a highly detailed 

production factor disaggregation, as illustrated in Figure 9-1. This nested structure allows the 

factors to respond to the relative changes in their returns by switching between the various 

factors. 

In each given period, the sectoral output (𝑄𝑋𝑎,𝑡) is determined through a CES production 

function of aggregate value-added inputs (𝑄𝑉𝐴𝑎,𝑡) and aggregate intermediate inputs 

(𝑄𝐼𝑁𝑇𝑎,𝑡) (X5). The optimal combination of these inputs is defined by the FOC, which is 

determined by the relative prices of aggregate value-added (𝑃𝑉𝐴𝑎,𝑡) and intermediate inputs 

(𝑃𝐼𝑁𝑇a,t) (X6) by sector. Moreover, the model endogenizes the efficiency factor in CES-

aggregate sectoral output, using an adjustment mechanism (X4). The price of activity output 

(𝑃𝑋𝑎,𝑡) is calculated as a weighted sum of quantities of commodities produced by activity 

(X1)X1). 

At the second level, the aggregate intermediate inputs are composited using Leontief 

technology, indicating that intermediate input demands are in fixed proportions relative to 

aggregate intermediates inputs of each activity (X11). In contrast, capital, land, and composite 

labor are merged to constitute aggregate value-added using CES technologies (X9). The optimal 

ratio of natural inputs is determined by the relative aggregate price (X10). 

The labor factor is classified into various categories, consistent with ET structure and the 

interest of the analysis157. This classification requires linking ET outputs and the labor market. 

Labor types are combined into four stages (levels) to constitute aggregate labor input (Figure 

9-1), allowing substitutions among several labor groups. In each level, a CES formation 

determines aggregate labor, assuming imperfect substitutability (X12). FOC is used to 

determine the wage rate for a specific factor used by activities(X13). 

The output quantity of a domestically produced commodity (𝑄𝑋𝐶𝑐,𝑡) is defined as CES-

aggregate of its production by the multiple activities producing it (X14). 

                                                
157 In Chapter 6, labor factor is disaggregated into; uneducated and untrained labor, primary educated labor, 

secondary non-vocationally educated labor, secondary vocationally educated labor, tertiary educated labor, 
and vocationally trained labor. In contrast, vocationally educated and trained labor are further classified to 
agricultural and non-agricultural in Chapter 7. 
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The model includes two assumptions for determining the aggregation of activity output of 

commodities. Firstly, activities can produce various commodities in fixed shares, i.e., the output 

(𝑄𝑋𝐴𝐶𝑐,𝑡) is determined using the Leontief function (𝑄𝑋𝑐,𝑡) (X18). Secondly, producers can 

adjust their output combinations in response to changes in the prices of their commodities 

(X19). Consequently, these commodities are sold in domestic or foreign markets (X16).
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Figure 9-2: Production structure in STAGE-Edu 

Source: Author's compilation based on McDonald and Thierfielder (2015).. 

𝜃 𝜎2 

𝜎3 

𝜎4 

𝜎51 𝜎52 

σ is Constant elasticity of substitution aggregation function, where   𝜃 is Leontief formulation 
  

𝜎6 

𝐹𝐷𝑓61,𝑎,𝑡 𝐹𝐷𝑓62,𝑎,𝑡 

𝐹𝐷𝑓521,𝑎,𝑡 𝐹𝐷𝑓522,𝑎,𝑡 𝐹𝐷𝑓511,𝑎,𝑡 𝐹𝐷𝑓512,𝑎,𝑡 

𝐹𝐷𝑓41,𝑎,𝑡 𝐹𝐷𝑓42,𝑎,𝑡 

𝐹𝐷𝑓31,𝑎,𝑡 𝐹𝐷𝑓32,𝑎,𝑡 

𝐹𝐷𝑓𝑐𝑎𝑝,𝑎,𝑡 
𝐹𝐷𝑓𝑙𝑎𝑏,𝑎,𝑡 

𝐹𝐷𝑓𝑙𝑎𝑛𝑑,𝑎,𝑡 𝑖𝑜𝑞𝑡𝑑𝑞𝑑𝑐1,𝑎,𝑡 
∗ 𝑄𝐼𝑁𝑇𝑎,𝑡     

𝑖𝑜𝑞𝑡𝑑𝑞𝑑𝑐1,𝑎,𝑡 
∗ 𝑄𝐼𝑁𝑇𝑎,𝑡     

𝑄𝐼𝑁𝑇𝑎,𝑡 𝑄𝑉𝐴𝑎,𝑡 

𝑄𝑋𝑎,𝑡 

𝜎1/𝜃 

Quantity Relationships in Nested Production Structure  Price Relationships in Nested Production Structure  structure  

𝜃 𝜎2 

𝜎3 

𝜎4 

𝜎51 𝜎52 

𝜎6 

𝑊𝐹𝑓61,𝑡 𝑊𝐹𝑓62,𝑡 

𝑊𝐹𝑓521,𝑡 𝑊𝐹𝑓522,𝑡 𝑊𝐹𝑓511,𝑡 𝑊𝐹𝑓512,𝑡 

𝑊𝐹𝑓41,𝑡 𝑊𝐹𝑓42,𝑡 

𝑊𝐹𝑓31,𝑡 𝑊𝐹𝑓32,𝑡 

𝑊𝐹𝑓𝑐𝑎𝑝,𝑡 
𝑊𝐹𝑓𝑙𝑎𝑏,𝑡 

𝑊𝐹𝑓𝑙𝑎𝑛𝑑,𝑡 𝑖𝑜𝑞𝑡𝑑𝑞𝑑𝑐1,𝑎,𝑡 
∗ 𝑃𝑄𝐷𝑐,𝑡      

𝑖𝑜𝑞𝑡𝑑𝑞𝑑𝑐1,𝑎,𝑡 
∗ 𝑃𝑄𝐷𝑐,𝑡      

𝑃𝐼𝑁𝑇𝑎,𝑡 𝑃𝑉𝐴𝑎,𝑡 

𝜎1/𝜃 

𝑃𝑋𝑎,𝑡 
𝑇𝑋𝑎,𝑡 

𝑇𝐹𝑓,𝑡 

𝑇𝐹𝑓,𝑡 

𝑇𝐹𝑓,𝑡 

𝑇𝐹𝑓,𝑡 𝑇𝐹𝑓,𝑡 

𝑇𝐹𝑓,𝑡 
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Table 9-6: Production block equations  

No Equation Number of Equation and 
Variables 

Variables 

 Top Level   

(X1) 𝑃𝑋𝑎,𝑡      =   ∑𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡 ∙ 𝑃𝑋𝐴𝐶𝑎,𝑐,𝑡  

𝑐

 𝑎, 𝑡 𝑃𝑋𝑎,𝑡 

(X2) 
(𝑃𝑋𝑎,𝑡 ∙ (1 − 𝑇𝑋𝑎,𝑡) ∙ 𝑄𝑋𝑎,𝑡) 

                                                  =  (𝑃𝑉𝐴𝑎,𝑡 ∙ 𝑄𝑉𝐴𝑎,𝑡   ) + (𝑃𝐼𝑁𝑇𝑎,𝑡 ∙ 𝑄𝐼𝑁𝑇𝑎,𝑡) 

𝑎, 𝑡 𝑃𝑉𝐴𝑎,𝑡 

(X3) 𝑃𝐼𝑁𝑇𝑎,𝑡 = ∑(𝑖𝑜𝑞𝑡𝑑𝑞𝑑𝑐,𝑎,𝑡 ∙  𝑃𝑄𝐷𝑐,𝑡) 

𝑐

 𝑎, 𝑡 𝑃𝐼𝑁𝑇𝑎,𝑡  

(X4) 𝐴𝐷𝑎,𝑡
𝑥 = [(𝑎𝑑𝑥𝑏𝑎,𝑡 + 𝑑𝑎𝑏𝑎𝑑𝑥𝑎,𝑡  ) ∙  𝐴𝐷𝑋𝐴𝐷𝐽𝑡] +   (𝐷𝐴𝐷𝑋𝑡 ∙  𝑎𝑑𝑥01𝑎) 𝑎, 𝑡 𝐴𝐷𝑎,𝑡

𝑥  

(X5) 𝑄𝑋𝑎,𝑡 = 𝐴𝐷𝑎,𝑡 
𝑥 ∙ (𝛽𝑎

𝑥 ∙ 𝑄𝑉𝐴𝑎,𝑡
− 𝜌𝑎

𝑥

+ (1 − 𝛽𝑎
𝑥) ∙ 𝑄𝐼𝑁𝑇𝑎,𝑡

− 𝜌𝑎
𝑥

)
− 

1
𝜌𝑎

𝑥

       ∀ 𝑎𝑞𝑥 
𝑎, 𝑡 𝑄𝑋𝑎,𝑡 

(X6) 𝑄𝑉𝐴𝑎,𝑡

𝑄𝐼𝑁𝑇𝑎,𝑡
 =  [

𝑃𝐼𝑁𝑇𝑎,𝑡

𝑃𝑉𝐴𝑎,𝑡
 ∙  

𝛽𝑎
𝑥

 (1 − 𝛽𝑎
𝑥)

]

1
(1+𝜌𝑎

𝑥)

            ∀ 𝑎𝑞𝑥 

𝑎, 𝑡 𝑄𝐼𝑁𝑇𝑎,𝑡 

(X7) 𝑄𝑉𝐴𝑎,𝑡 =  𝑖𝑜𝑞𝑣𝑎𝑞𝑥𝑎,𝑡 ∙  𝑄𝑋𝑎                                   ∀ 𝑎𝑞𝑥𝑛 𝑄𝑉𝐴𝑎 with Leontief technology at top a level 

(X8) 𝑄𝐼𝑁𝑇𝑎,𝑡 =  𝑖𝑜𝑞𝑖𝑛𝑡𝑞𝑥𝑎,𝑡  ∙  𝑄𝑋𝑎,𝑡                              ∀ 𝑎𝑞𝑥𝑛 
𝑄𝐼𝑁𝑇𝑎 with Leontief technology at top level 
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No Equation 
Number of 

Equation and 
Variables 

Variables 

 Second level   

(X9) 𝑄𝑉𝐴𝑎,𝑡 =  𝐴𝐷𝑎,𝑡
𝑣𝑎  ∙ [ ∑ 𝛽𝑓,𝑎

𝑣𝑎 ∙  𝐹𝐷𝑓,𝑎,𝑡
− 𝜌𝑎

𝑣𝑎

𝑓∈𝛽𝑓,𝑎
𝑣𝑎  

]

− 1
𝜌𝑎

𝑣𝑎⁄

   ∀ 𝜌𝑎
𝑣𝑎 

𝑎, 𝑡 𝑄𝑉𝐴𝑎,𝑡 

(X10) 

𝑊𝐹𝑓,𝑡 ∙ (1 + 𝑇𝐹𝑓,𝑎,𝑡) ∙  𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡        

=   𝑃𝑉𝐴𝑎,𝑡  . 𝑄𝑉𝐴𝑎,𝑡  . 𝐴𝐷𝑎,𝑡
𝑣𝑎 ∙ [ ∑ 𝛽𝑓2,𝑎

𝑣𝑎  . 𝐹𝐷𝑓2,𝑎,𝑡
− 𝜌𝑎

𝑣𝑎

𝑓∈𝛽𝑓2,𝑎
𝑣𝑎  

]

− 1

∙ (𝛽𝑓2,𝑎
𝑣𝑎  . 𝐹𝐷𝑓2,𝑎,𝑡

(− 𝜌𝑎
𝑣𝑎−1)

) 

𝑓, 𝑎, 𝑡 𝐹𝐷𝑓,𝑎,𝑡 

(X11) 𝑄𝐼𝑁𝑇𝐷𝑐,𝑡 =  ∑ 𝑖𝑜𝑞𝑡𝑑𝑞𝑑𝑐,𝑎,𝑡  . 𝑄𝐼𝑁𝑇𝑎,𝑡       

𝑎

 𝑎, 𝑡 𝑄𝐼𝑁𝑇𝐷𝑎,𝑡 

(X12) 𝐹𝐷𝑓𝑎𝑔,𝑎.𝑡 = 𝛼𝑓𝑎𝑔,𝑎,𝑡 ∙ [ ∑ 𝛽𝑓𝑎𝑔,𝑓,𝑎
𝐹𝐷

 
𝑓∈𝛽𝑓𝑎𝑔,𝑓,𝑎

𝐹𝐷  

. 𝐹𝐷
𝑓,𝑎,𝑡

− 𝜌𝑓𝑎𝑔,𝑎
𝐹𝐷

] 
−1

𝜌𝑓𝑎𝑔,𝑎
𝐹𝐷⁄

 

𝑓𝑎𝑔, 𝑎, 𝑡 𝐹𝐷𝑓𝑎𝑔,𝑎,𝑡 

 Third level (4th and 5th levels are an analogy)   

(X13) 𝑊𝐹𝑓,𝑡  .𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡  . (1 + 𝑇𝐹𝑓,𝑎,𝑡) = 𝑊𝐹𝑓𝑎𝑔,𝑡  .𝑊𝐹𝐷𝐼𝑆𝑇𝑓𝑎𝑔,𝑎,𝑡  ∙   (1 + 𝑇𝐹𝑓𝑎𝑔,𝑎,𝑡) 𝑓, 𝑎, 𝑡 𝐹𝐷𝑓,𝑎,𝑡 

                                                              . 𝐹𝐷𝑓𝑎𝑔,𝑎,𝑡  . [ ∑ 𝛽𝑓𝑎𝑔,𝑓3,𝑎
𝐹𝐷  . 𝐹𝐷

𝑓,𝑎,𝑡

− 𝜌𝑓2𝑎𝑔,𝑎
𝐹𝐷

𝑓∈𝛽𝑓𝑎𝑔,𝑓,𝑎
𝐹𝐷  

]

− 1

∙ (𝛽𝑓𝑎𝑔,𝑓3,𝑎
𝐹𝐷  . 𝐹𝐷

𝑓,𝑎,𝑡

(− 𝜌𝑓𝑎𝑔,𝑎
𝐹𝐷 −1)

)   
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Table 9-7: Commodity output bock equations 

No  Equation 
Number of 

Equation and 
Variables 

Variables 

(X14) 𝑄𝑋𝐶𝑐,𝑡 = 𝛼𝑐
𝑥𝑐  . [ ∑ 𝛽𝑎,𝑐

𝑥𝑐  ∙   𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡
− 𝜌𝑐

𝑥𝑐

𝑎$ 𝛿𝑎,𝑐
𝑥𝑐  

]

− 1
𝜌𝑐

𝑥𝑐⁄

∀ 𝑐𝑥 𝑨𝑵𝑫 𝑐𝑥𝑎𝑐 𝑐, 𝑡 𝑄𝑋𝐶𝑐,𝑡 

(X15) 𝑃𝑋𝐴𝐶𝑐,𝑡 = 𝑃𝑋𝐶𝑐,𝑡  ∙  𝑄𝑋𝐶𝑐,𝑡 ∙ [ ∑ 𝛽𝑎,𝑐
𝑥𝑐  .  𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡

− 𝜌𝑐
𝑥𝑐

𝑎$ 𝛽𝑎,𝑐
𝑥𝑐  

]

− (
1+𝜌𝑐

𝑥𝑐

𝜌𝑐
𝑥𝑐 )

∙ 𝛽𝑎,𝑐
𝑥𝑐  ∙  𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡

(− 𝜌𝑐
𝑥𝑐−1)

    

∀ 𝛽𝑎,𝑐
𝑥𝑐  𝑨𝑵𝑫 𝑐𝑥𝑎𝑐 

𝑐, 𝑡 𝑃𝑋𝐶𝑐,𝑡  

(X16) 𝑄𝑋𝐶𝑐,𝑡  =   ∑𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡  

𝑐

      ∀ 𝑐𝑥 𝑨𝑵𝑫 𝑐𝑥𝑎𝑐𝑛 𝑐, 𝑡 𝑄𝑋𝐶𝑐,𝑡 

(X17) 𝑃𝑋𝐴𝐶𝑎,𝑐,𝑡  =   𝑃𝑋𝐶𝑐,𝑡               ∀ 𝛽𝑎,𝑐
𝑥𝑐  𝑨𝑵𝑫 𝑐𝑥𝑎𝑐 𝑎, 𝑐, 𝑡 𝑃𝑋𝐴𝐶𝑎,𝑐,𝑡 

(X18) 
𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡 = ∑𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡 ∙ 𝑄𝑋𝑐  

𝑐

                                       𝑣 ∀ 𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡   𝑨𝑵𝑫 𝑎𝑐𝑒𝑡𝑛 
𝑎, 𝑐, 𝑡 𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡  

(X19) 𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡 =  𝑄𝑋𝑎,𝑡 ∙  (
 𝑃𝑋𝐴𝐶𝑎,𝑐,𝑡

𝑃𝑋𝑎,𝑡 ∗ 𝛾𝑎,𝑐
𝑖 ∗ 𝛼𝑐

𝑖 𝜌𝑎
𝑖

 
)  

(1
𝜌𝑐

𝑥𝑐−1⁄ )
              ∀ 𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡   𝑨𝑵𝑫 𝑎𝑐𝑒𝑡 𝑎, 𝑐, 𝑡 𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡  
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9.1.2 Factor of production 

9.1.2.1 Unemployment  

STAGE-Edu includes factors with endogenous and exogenous unemployment rates 

(𝑈𝑁𝐸𝑀𝑃𝑓,𝑡). Unemployment is  modeled following the approach of Lofgren et al. (2013). 

For a natural factor, i.e., labor, a reservation, or minimum wage (𝑊𝐹𝑅𝐸𝑆𝑓,𝑡) is calculated 

depending on the economy-wide wage in the base year and changes between current and base-

year values for the unemployment rate, per capita household consumption and the consumer 

price index (U1). The importance of these determinants is defined using exogenous elasticities 

(𝜑𝑠𝑎𝑐,𝑓). 

Table 9-8: Unemployment block equation 

No Equation 
Number of 

Variables and 
Equations 

Variables 

(U1) 𝑊𝐹𝑅𝐸𝑆𝑓,𝑡 = 𝑊𝐹𝑓
0  ∙ (

𝑄𝐶𝐷𝑃𝐶𝑡

𝑄𝐶𝐷𝑃𝐶0
)
𝜌′𝑞𝑐′,𝑡

𝑤𝑓

∀ 𝑓𝑒𝑛𝑑𝑔 𝑓, 𝑡 𝑊𝐹𝑅𝐸𝑆𝑓,𝑡 

(U2) ∙  (
𝐶𝑃𝐼𝑡
𝐶𝑃𝐼0

)
𝜌′𝑖′,𝑡

𝑤𝑓

  ∙   (
𝑈𝑁𝐸𝑀𝑃𝑓,𝑡

𝑈𝑁𝐸𝑀𝑃𝑓
0 )

𝜌′𝑢′,𝑡
𝑤𝑓

   

 𝑊𝐹𝑓,𝑡    ≥   𝑊𝐹𝑅𝐸𝑆𝑓,𝑡   

 

𝑈𝑁𝐸𝑀𝑃𝑓,𝑡    ≥   𝑢𝑒𝑟𝑎𝑡𝑚𝑖𝑓,𝑡 

(𝑈𝑁𝐸𝑀𝑃𝑓,𝑡  −  𝑢𝑒𝑟𝑎𝑡𝑚𝑖𝑓,𝑡) ∙ (𝑊𝐹𝑓,𝑡 −  𝑊𝐹𝑅𝐸𝑆𝑓,𝑡) = 0  

                                                                                     ∀ 𝑓𝑒𝑛𝑑𝑔 

Complementary slackness 

relationships 

 

9.1.2.2 Factor income 

In STAGE-Edu, factor incomes (𝑌𝐹𝑓,𝑡) are defined as the summation of domestic value-added 

and employment abroad, which is assumed fixed in  foreign currency (F1). These incomes are 

allocated across various institutions (𝑌𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡) based on endogenous factor endowment 

shares (𝑆𝐻𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡) after paying for for factor taxes and depreciation (F2, F3 and F4). 
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Table 9-9: Factor block equations 

No  Equation Number of 
Variables and 

Equations 

Variables 

(F1)        𝑌𝐹𝑓,𝑡 = ∑𝑊𝐹𝑓,𝑡 ∙  𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡  ∙  𝐹𝐷𝑓,𝑎,𝑡

𝑎

   +     𝐹𝐴𝐶𝑇𝑊𝑂𝑅𝑓,𝑡 ∙ 𝐸𝑅𝑡  𝑓, 𝑡 𝑌𝐹𝑓,𝑡 

 (F2)      𝑌𝐹𝐷𝐼𝑆𝑃𝑓,𝑡 = (𝑌𝐹𝑓,𝑡  ∙  (1 − 𝑑𝑒𝑝𝑟𝑒𝑐𝑓,𝑡)) ∙ (1 − 𝑇𝑌𝐹𝑓,𝑡) 𝑓, 𝑡 𝑌𝐹𝐷𝐼𝑆𝑃𝑓,𝑡 

 (F3)     
 𝑆𝐻𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 = 

𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡

∑ 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡𝑖𝑛𝑠
           

𝑖𝑛𝑠, 𝑓, 𝑡 𝑆𝐻𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 

 (F4) 𝑌𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 = 𝑆𝐻𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡  ∙   𝑌𝐹𝐷𝐼𝑆𝑃𝑓,𝑡  𝑖𝑛𝑠, 𝑓, 𝑡 𝑌𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 
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9.1.3 Domestic institituons  

9.1.3.1 Households 

Households receive income (𝑌𝐻ℎ,𝑡) from their factor endowment, from other households (inter-

household transfers), from government (social transfers), from incorporated enterprises, and 

from foreign remittances (H1). 

Households spend their income on consumption and transfers to other households. Inter-

household transfers (𝐻𝑂𝐻𝑂ℎ,ℎ𝑝,𝑡) are determined in constant household’s income shares after 

paying income tax and savings (H2). Besides, disposable income for household consumption 

(𝑌𝐻𝐸𝑋𝑃ℎ,𝑡 ) represents the disposable income for consumption(H1). 

In terms of optimal behaviors, households maximize the utility from commodities and services 

consumption and attribute no value to leisure. A Stone-Geary function is used to determine the 

optimal bundles for consumption (𝑄𝐶𝐷𝑐,ℎ,𝑡), which is subject to the budget constraint (H4). In 

this function, household consumption contains two elements: subsistence demand 

(𝑞𝑐𝑑𝑐𝑜𝑛𝑠𝑡𝑐,ℎ) and discretionary demand. The discretionary demand is determined as the 

marginal budget shares expended on each commodity out of uncommitted income. Population 

growth is entered in this equation due its direct impacts on household income and expenditure. 

Average real household consumption per capita (𝑄𝐶𝐷𝑃𝐶𝑡) is defined as total household 

consumption at purchaser prices in the base year divided by total population (H5). 

9.1.3.2 Enterprises 

For enterprises, incomes (𝑌𝐸𝑒,𝑡) is defined as the sum of factor incomes to enterprises, net 

transfers from government, and net transfers from abroad (E1). Enterprise profits or dividends 

are allocated to households (𝐻𝑂𝐸𝑁𝑇ℎ,𝑒,𝑡) in constant proportions of earning (E2). Enterprises 

consume various commodities and services (𝑄𝐸𝐷𝑐,𝑒,𝑡) in fixed volumes (E3), which can be 

varied through an adjuster (𝑄𝐸𝐷𝐴𝐷𝐽𝑡). Value of enterprise consumption (𝑉𝑄𝐸𝐷𝑒,𝑡) is defined 

as a product of the quantity of demanded commodities by enterprises and their current purchaser 

prices in the market (E4). 
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Table 9-10: Household block equations 

No Equation Number of Variable and 
Equation Variables 

(H1) 

𝑌𝐻ℎ,𝑡 = ∑𝑌𝐹𝐼𝑁𝑆ℎ,𝑓,𝑡  

𝑓

+  ∑𝐻𝑂𝐻𝑂ℎ,ℎ𝑝,𝑡

ℎ𝑝

 + (𝐻𝑂𝐺𝑂𝑉ℎ,𝑡 ∙ 𝑝𝑜𝑝ℎ,𝑡 ∙ 𝐶𝑃𝐼𝑡) 

           + ∑𝐻𝑂𝐸𝑁𝑇ℎ,𝑒,𝑡

𝑒

 + (𝐻𝑂𝑊𝑂𝑅ℎ,𝑡 ∙ 𝑝𝑜𝑝ℎ,𝑡 ∙ 𝐸𝑅𝑡) 

ℎ, 𝑡 𝑌𝐻ℎ,𝑡 

(H2) 𝐻𝑂𝐻𝑂ℎ,ℎ𝑝,𝑡  =  ℎ𝑜ℎ𝑜𝑠ℎℎ,ℎ𝑝,𝑡 ∙  ((𝑌𝐻ℎ,𝑡 ∙  (1 − 𝑇𝑌𝐻ℎ,𝑡)) ∙ (1 − 𝑆𝐻𝐻ℎ,𝑡)) ℎ, ℎ𝑝, 𝑡 𝐻𝑂𝐻𝑂ℎ,ℎ𝑝,𝑡  

(H3) 𝑌𝐻𝐸𝑋𝑃ℎ,𝑡 = ((𝑌𝐻ℎ,𝑡 ∙ (1 − 𝑇𝑌𝐻ℎ,𝑡)) ∙ (1 − 𝑆𝐻𝐻ℎ,𝑡)) − ∑𝐻𝑂𝐻𝑂ℎ𝑝,ℎ,𝑡

ℎ𝑝

 ℎ, 𝑡 𝑌𝐻𝐸𝑋𝑃ℎ,𝑡 

(H4) 𝑄𝐶𝐷𝑐,ℎ,𝑡 =     𝑝𝑜𝑝ℎ,𝑡 .

[
 
 
 
 
 
 
{∑ {

𝑃𝑄𝐷𝑐,𝑡  . (1 + 𝑇𝑉𝑐,𝑡) . 𝑞𝑐𝑑𝑐𝑜𝑛𝑠𝑡𝑐,ℎ + ∑ 𝛽𝑞𝑐𝑑
ℎ   

 . {[
𝑌𝐻𝐸𝑋𝑃ℎ,𝑡

𝑝𝑜𝑝ℎ,𝑡
] − 𝑃𝑄𝐷𝑐,𝑡  . (1 + 𝑇𝑉𝑐,𝑡) . 𝑞𝑐𝑑𝑐𝑜𝑛𝑠𝑡𝑐,ℎ  }

}ℎ }

{𝑃𝑄𝐷𝑐,𝑡  . (1 + 𝑇𝑉𝑐,𝑡)}

]
 
 
 
 
 
 

 𝑐, ℎ, 𝑡 𝑄𝐶𝐷𝑐,ℎ,𝑡  

(H5) 𝑄𝐶𝐷𝑃𝐶𝑡 =  
∑ 𝑃𝑄𝐷𝑐

00 ∙ 𝑄𝐶𝐷𝑐,ℎ,𝑡𝑐,ℎ

∑ 𝑝𝑜𝑝ℎ,𝑡ℎ
 𝑡 𝑄𝐶𝐷𝑃𝐶𝑡  
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Table 9-11: Enterprises block equations 

No Equation 
Number of 

Variables and 
Equation 

Variables 

(𝐸1) 𝑌𝐸𝑒,𝑡 = ∑ 𝑌𝐹𝐼𝑁𝑆𝑒𝑓,𝑡  𝑓 +  (𝐸𝐺𝐴𝐷𝐽,𝑡  ∙  𝐸𝑁𝑇𝐺𝑂𝑉𝑒,𝑡 ∙ 𝐶𝑃𝐼𝑡)    +  (𝐸𝑁𝑇𝑊𝑂𝑅𝑒,𝑡 ∙ 𝐸𝑅𝑡)        𝑒, 𝑡 𝑌𝐸𝑒,𝑡 

(𝐸2) 𝐻𝑂𝐸𝑁𝑇ℎ,𝑒,𝑡  =  ℎ𝑜𝑒𝑛𝑡𝑠ℎℎ,𝑒,𝑡    ∙  

(

 
((𝑌𝐸𝑒,𝑡 ∙  (1 − 𝑇𝑌𝐸𝑒,𝑡)) ∙ (1 − 𝑆𝐸𝑁𝑒,𝑡))  

 −∑𝑄𝐸𝐷𝑐,𝑒,𝑡 ∙ 𝑃𝑄𝐷𝑐,𝑡

𝑐 )

  ℎ, 𝑒, 𝑡 𝐻𝑂𝐸𝑁𝑇ℎ,𝑒,𝑡  

(𝐸3) 𝑄𝐸𝐷𝑐,𝑒,𝑡     =   𝑄𝐸𝐷𝐴𝐷𝐽𝑡    ∙ 𝑞𝑒𝑑𝑐𝑜𝑛𝑠𝑡𝑐,𝑒,𝑡       𝑐, 𝑒, 𝑡 𝑄𝐸𝐷𝑐,𝑒,𝑡 

(𝐸4) 𝑉𝑄𝐸𝐷𝑒,𝑡     =   ∑𝑄𝐸𝐷𝑐,𝑒,𝑡 ∙ 𝑃𝑄𝐷𝑐,𝑡

𝑐

     𝑒, 𝑡 𝑉𝑄𝐸𝐷𝑒,𝑡  
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9.1.3.3 Government 

Government income (𝑌𝐺𝑡) consist of direct and indirect taxes, factor endowment and transfers 

from abroad (G1), then spends (𝐸𝐺𝑡) on consumption, and transfers to households and 

enterprises (G4). Like enterprises’ consumption, government consumption is determined in 

fixed shares, which can vary with a scaling variable (G2). Government savings (𝐾𝐴𝑃𝐺𝑂𝑉𝑡) is 

the difference between the current revenue and current spending (G5).  

Table 9-12: Government block equations 

No Equation Number of 
Variable and 

Equation 

Variables 

 Government Income  

(𝐺1) 𝑌𝐺𝑡       =  𝑀𝑇𝐴𝑋𝑡 + 𝐸𝑇𝐴𝑋𝑡     + 𝐹𝑇𝐴𝑋𝑡  +  𝐼𝑇𝐴𝑋𝑡   𝑡 𝑌𝐺𝑡 

                 + 𝑆𝑇𝐴𝑋𝑡  + 𝐸𝑋𝑇𝐴𝑋𝑡   + 𝑄𝑆𝑇𝐴𝑋𝑡 + 𝐷𝑇𝐴𝑋𝑡    

                  + 𝐹𝑌𝑇𝐴𝑋𝑡 + 𝑉𝑇𝐴𝑋𝑡 + ∑𝑌𝐹𝐼𝑁𝑆′𝐺𝑂𝑉𝑡′,𝑓,𝑡

𝑓

   

                  + ∑𝐸𝐺𝐴𝐷𝐽,𝑡  ∙  𝐸𝑁𝑇𝐺𝑂𝑉𝑒,𝑡 ∙ 𝐶𝑃𝐼𝑡
𝑒

   

                   +  (𝐺𝑊𝐴𝐷𝐽𝑡 ∙ 𝐺𝑂𝑉𝑊𝐴𝑅𝑡  ∙ 𝐸𝑅𝑡)   

                   + ∑𝐻𝑂𝐺𝑂𝑉ℎ,𝑡 ∙ 𝑝𝑜𝑝ℎ,𝑡 ∙ 𝐶𝑃𝐼𝑡
ℎ

   

 Government Expenditure   

(𝐺2) 𝑄𝐺𝐷𝑐,𝑡  =    𝑄𝐺𝐷𝐴𝐷𝐽𝑡  ∙  𝑞𝑔𝑑𝑐𝑜𝑛𝑠𝑡𝑐,𝑡   𝑐, 𝑡 𝑄𝐺𝐷𝑐,𝑡 

(𝐺3) 𝑉𝑄𝐺𝐷𝑡     =   ∑𝑄𝐺𝐷𝑐,𝑡 ∙ 𝑃𝑄𝐷𝑐,𝑡

𝑐

     𝑡 𝑉𝑄𝐺𝐷𝑡      

(𝐺4) 𝐸𝐺𝑡           =  ∑𝑄𝐺𝐷𝑐,𝑡 ∙  𝑃𝑄𝐷𝑐,𝑡

𝑐

  𝑡 𝐸𝐺𝑡 

                   + ∑𝐻𝐺𝐴𝐷𝐽𝑡 ∙ 𝐻𝑂𝐺𝑂𝑉ℎ,𝑡 ∙ 𝑝𝑜𝑝ℎ,𝑡 ∙ 𝐶𝑃𝐼𝑡
ℎ

   

                   + ∑𝐸𝐺𝐴𝐷𝐽𝑡 ∙ 𝐸𝑁𝑇𝐺𝑂𝑉𝑒,𝑡 ∙ 𝐶𝑃𝐼𝑡
𝑒

   

 Government Savings 

(𝐺5) 𝐾𝐴𝑃𝐺𝑂𝑉𝑡  =  𝑌𝐺𝑡  − 𝐸𝐺𝑡 𝑡 𝐾𝐴𝑃𝐺𝑂𝑉𝑡  
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Furthermore, the model includes elven (11) tax rates as variables, allowing the possibility to 

vary them under different simulations and closure rules. In the mathematical statement, the 

model differentiates between these tax instruments (G6-G16). These rates include import taxes 

(𝑇𝑀𝑐,𝑡 ), export taxes (𝑇𝐸𝑐,𝑡 ), sales taxes (𝑇𝑆𝑐,𝑡 ), quantity sales taxes (𝑇𝑄𝑆𝑐,𝑡 ), excise taxes 

(𝑇𝐸𝑋𝑐,𝑡 ), value-added taxes (𝑇𝑉𝑐,𝑡 ),  production taxes (𝑇𝑋𝑎,𝑡 ), taxes on factor use (𝑇𝐹𝑓,𝑎,𝑡 ), 

factor income taxes (𝑇𝑌𝐹𝑓,𝑡 ) and income taxes on households (𝑇𝑌𝐻ℎ,𝑡 ) and enterprises 

(𝑇𝑌𝐸𝑒,𝑡 ). 

Table 9-13: Tax rates and revenues block equations 

 Equation 
Number of 

Variable and 
Equation 

Variables 

(𝐺17) 𝑀𝑇𝐴𝑋𝑡 =  ∑(𝑇𝑀𝑐,𝑡 ∙ 𝑃𝑊𝑀𝑐,𝑡 ∙ 𝐸𝑅𝑡  ∙  𝑄𝑀𝑐,𝑡 )

𝑐

 𝑡 𝑀𝑇𝐴𝑋𝑡   

(𝐺18) 𝐸𝑇𝐴𝑋𝑡 =  ∑(𝑇𝐸𝑐,𝑡 ∙ 𝑃𝑊𝐸𝑐,𝑡 ∙ 𝐸𝑅𝑡  ∙  𝑄𝐸𝑐,𝑡 )

𝑐

 𝑡 𝐸𝑇𝐴𝑋𝑡 

(𝐺19) 𝑆𝑇𝐴𝑋𝑡   =  ∑(𝑇𝑆𝑐,𝑡 ∙ 𝑃𝑄𝑆𝑐,𝑡 ∙  𝑄𝑄𝑐,𝑡 )

𝑐

 𝑡 𝑆𝑇𝐴𝑋𝑡  

(𝐺20) 𝑄𝑆𝑇𝐴𝑋𝑡  =   ∑(𝑇𝑄𝑆𝑐,𝑡 ∙  𝑄𝑄𝑐,𝑡 )

𝑐

 𝑡 𝑄𝑆𝑇𝐴𝑋𝑡  

(𝐺21) 𝐸𝑋𝑇𝐴𝑋𝑡𝑡  =   ∑(𝑇𝐸𝑋𝑐,𝑡 ∙ 𝑃𝑄𝑆𝑐,𝑡 ∙  𝑄𝑄𝑐,𝑡 )

𝑐

 𝑡 𝐸𝑋𝑇𝐴𝑋𝑡   

(𝐺22) 𝑉𝑇𝐴𝑋𝑡  =   ∑∑(𝑇𝑉𝑐,𝑡 ∙ 𝑃𝑄𝐷𝑐,𝑡 ∙  𝑄𝑐𝑑𝑐,ℎ,𝑡 )

𝑐ℎ

 𝑡 𝑉𝑇𝐴𝑋 𝑡 

(𝐺23) 𝐼𝑇𝐴𝑋𝑡  =   ∑(𝑇𝑋𝑎,𝑡 ∙ 𝑃𝑋𝑎,𝑡 ∙  𝑄𝑋𝑎,𝑡 )

𝑎

 𝑡 𝐼𝑇𝐴𝑋 𝑡 

(𝐺24) 𝐹𝑇𝐴𝑋𝑡  =   ∑(𝑇𝐹𝑓,𝑎,𝑡 ∙ 𝑊𝐹𝑓,𝑡 ∙ 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡 ∙ 𝐹𝐷𝑓,𝑎,𝑡)

𝑓,𝑎

 𝑡 𝐹𝑇𝐴𝑋𝑡   

(𝐺25) 𝐹𝑌𝑇𝐴𝑋𝑡  =   ∑𝑇𝑌𝐹𝑓,𝑡 ∙  𝑇𝐹𝑓,𝑡 

𝑓

 𝑡 𝐹𝑌𝑇𝐴𝑋𝑡  

(𝐺26) 𝐷𝑇𝐴𝑋𝑡  =   ∑(𝑇𝑌𝐻ℎ,𝑡 ∙ 𝑌𝐻ℎ,𝑡)

ℎ

+ ∑(𝑇𝑌𝐸𝑒,𝑡 ∙ 𝑌𝐸𝑒,𝑡)

ℎ

  𝑡 𝐹𝑇𝐴𝑋𝑡   

 

 



Addendum: A Full Description of STAGE_Edu 

224 

Table 9-14: Tax rates block equations 

No  Equation Number of Variable 
and Equation Variables 

(𝐺6) 𝑇𝑌𝐻ℎ,𝑡 =  ((𝑡𝑦ℎ𝑏ℎ,𝑡 + 𝑑𝑎𝑏𝑡𝑦ℎℎ,𝑡) ∙ 𝑇𝑌𝐻𝐴𝐷𝐽𝑡 ∙ 𝑇𝑌𝐴𝐷𝐽𝑡)   +  (𝐷𝑇𝑌𝐻𝑡 ∙ 𝑡𝑦ℎ01ℎ) ℎ, 𝑡 𝑇𝑌𝐻ℎ,𝑡  

(𝐺7) 𝑇𝑌𝐸𝑒,𝑡 =  ((𝑡𝑦𝑒𝑏𝑒,𝑡 + 𝑑𝑎𝑏𝑡𝑦𝑒𝑒,𝑡) ∙ 𝑇𝑌𝐸𝐴𝐷𝐽𝑡 ∙ 𝑇𝑌𝐴𝐷𝐽𝑡)     +   (𝐷𝑇𝑌𝐸𝑡 ∙ 𝑡𝑦𝑒01𝑒) 𝑒, 𝑡 𝑇𝑌𝐸𝑒,𝑡  

(𝐺8) 𝑇𝐸𝑐,𝑡 =  ((𝑡𝑒𝑏𝑐,𝑡 + 𝑑𝑎𝑏𝑡𝑒𝑐,𝑡) ∙ 𝑇𝐸𝐴𝐷𝐽𝑡) + (𝐷𝑇𝐸𝑡 ∙ 𝑡𝑒01𝑐) 𝑐𝑒, 𝑡 𝑇𝑒𝑐,𝑡  

(𝐺9) 𝑇𝐸𝑐,𝑡 =  ((𝑡𝑒𝑏𝑐,𝑡 + 𝑑𝑎𝑏𝑡𝑒𝑐,𝑡) ∙ 𝑇𝐸𝐴𝐷𝐽𝑡) + (𝐷𝑇𝐸𝑡 ∙ 𝑡𝑒01𝑐) 𝑐𝑒, 𝑡 𝑇𝑒𝑐,𝑡  

(𝐺10) 𝑇𝑆𝑐,𝑡 =  ((𝑡𝑠𝑏𝑐,𝑡 + 𝑑𝑎𝑏𝑡𝑠𝑐,𝑡) ∙ 𝑇𝑆𝐴𝐷𝐽𝑡) + (𝐷𝑇𝑆𝑡 ∙ 𝑡𝑠01𝑐) 𝑐, 𝑡 𝑇𝑆𝑐,𝑡  

(𝐺11) 𝑇𝑄𝑆𝑐,𝑡 =  ((𝑡𝑞𝑠𝑏𝑐,𝑡 + 𝑑𝑎𝑏𝑡𝑞𝑠𝑐,𝑡) ∙ 𝑇𝑄𝑆𝐴𝐷𝐽𝑡) + (𝐷𝑇𝑄𝑆𝑡 ∙ 𝑡𝑞𝑠01𝑐) 𝑐, 𝑡 𝑇𝑄𝑆𝑐,𝑡  

(𝐺12) 𝑇𝑉𝑐,𝑡 =  ((𝑡𝑣𝑏𝑐,𝑡 + 𝑑𝑎𝑏𝑡𝑣𝑐,𝑡) ∙ 𝑇𝑉𝐴𝐷𝐽𝑡) + (𝐷𝑇𝑉𝑡 ∙ 𝑡𝑣01𝑐) 𝑐, 𝑡 𝑇𝑉𝑐,𝑡  

(𝐺13) 𝑇𝐸𝑋𝑐,𝑡 =  ((𝑡𝑒𝑥𝑏𝑐,𝑡 + 𝑑𝑎𝑏𝑡𝑒𝑥𝑐,𝑡) ∙ 𝑇𝐸𝑋𝐴𝐷𝐽𝑡) + (𝐷𝑇𝐸𝑋𝑡 ∙ 𝑡𝑒𝑥01𝑐) 𝑐, 𝑡 𝑇𝐸𝑋𝑐,𝑡  

(𝐺14) 𝑇𝑋𝑎,𝑡 =  ((𝑡𝑥𝑏𝑎,𝑡 + 𝑑𝑎𝑏𝑡𝑥𝑎,𝑡) ∗ 𝑇𝑋𝐴𝐷𝐽𝑡) + (𝐷𝑇𝑋𝑡 ∙ 𝑡𝑥01𝑎) 𝑎, 𝑡 𝑇𝑋𝑎,𝑡  

(𝐺15) 𝑇𝐹𝑓,𝑎,𝑡 =  ((𝑡𝑓𝑏𝑓,𝑎,𝑡 + 𝑑𝑎𝑏𝑡𝑓𝑓,𝑎,𝑡) ∗ 𝑇𝐹𝐴𝐷𝐽𝑡) + (𝐷𝑇𝐹𝑡 ∙ 𝑡𝑓01𝑓,𝑎) 𝑓, 𝑎, 𝑡 𝑇𝑓𝑓,𝑎,𝑡  

(𝐺16) 𝑇𝑌𝐹𝑓,𝑡 =  ((𝑡𝑦𝑓𝑏𝑓,𝑡 + 𝑑𝑎𝑏𝑡𝑦𝑓𝑓,𝑡) ∗ 𝑇𝑌𝐹𝐴𝐷𝐽𝑡) + (𝐷𝑇𝑌𝐹𝑡 ∙ 𝑡𝑦𝑓01𝑓) 𝑓, 𝑡 𝑇𝑌𝐹𝑓,𝑡  
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9.1.4 Savings and investment 

The investment demand by origin is determined in fixed proportions, which can vary with a 

scaling variable (𝑖𝑛𝑣𝑐𝑜𝑛𝑠𝑡𝑐,𝑡 , I1). Total investment expenditure (𝐼𝑁𝑉𝐸𝑆𝑇𝑡 ) is determined as the 

summation of total fixed investment and stock change (𝑑𝑠𝑡𝑜𝑐𝑐𝑜𝑛𝑠𝑡𝑐,𝑡) valued at current 

prices (I2). 

Table 9-15: Investment block equations 

No Equation 
Number of 

Variables and 
Equation 

Variables 

(𝐼1) 𝑄𝐼𝑁𝑉𝐷𝑐,𝑡 = 𝑖𝑛𝑣𝑐𝑜𝑛𝑠𝑡𝑐,𝑡 ∙ 𝐼𝐴𝐷𝐽𝑡    𝑐, 𝑡 𝑄𝐼𝑁𝑉𝐷𝑐,𝑡  

(𝐼2) 𝐼𝑁𝑉𝐸𝑆𝑇𝑡 = ∑𝑃𝑄𝐷𝑐,𝑡 ∙ (𝑄𝐼𝑁𝑉𝐷𝑐,𝑡 + 𝑑𝑠𝑡𝑜𝑐𝑐𝑜𝑛𝑠𝑡𝑐,𝑡 )  

𝑐

 𝑐, 𝑡 𝐼𝑁𝑉𝐸𝑆𝑇𝑡  

 

Savings of domestic non-government institutions, which include households and enterprises, 

are modeled in a way that allows different possibilities for variation (I3-I4). Total savings in the 

economy (𝑇𝑂𝑇𝑆𝐴𝑉𝑡 ) considers savings of domestic non-government institutions 

(∑ 𝐼𝑁𝑆𝑆𝐴𝑉𝑖𝑛𝑠𝑑𝑛𝑔,𝑡 𝑖𝑛𝑠𝑑𝑛𝑔 ), allowances for depreciation of factor income, government budget 

surplus or deficit (𝐾𝐴𝑃𝐺𝑂𝑉𝑡) and current account balance (𝐶𝐴𝑃𝑊𝑂𝑅𝑡) (I7). 

9.1.5 Foreign institutional account 

The model allows foreign institutions to own factors, whose services must be recompensed. 

Therefore, these services receive payments from domestic producers (indexed in foreign 

currency), depending on their proportions in the factor incomes available for distribution (W1). 
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Table 9-16: Savings block equations 

 Equation 
Number of 

Variables and 
Equation 

Variables 

(𝐼3) 𝑆𝐻𝐻ℎ,𝑡     =   ((𝑠ℎℎ𝑏ℎ,𝑡 + 𝑑𝑎𝑏𝑠ℎℎℎ,𝑡) ∙ 𝑆𝐻𝐴𝐷𝐽𝑡 ∙ 𝑆𝐴𝐷𝐽𝑡)  +   (𝐷𝑆𝐻𝐻𝑡 ∙ 𝐷𝑆𝑡 ∙ 𝑠ℎℎ01ℎ) ℎ, 𝑡 𝑆𝐻𝐻ℎ,𝑡  

(𝐼4) 𝑆𝐸𝑁𝑒,𝑡       =   ((𝑠𝑒𝑛𝑏𝑒,𝑡 + 𝑑𝑎𝑏𝑠𝑒𝑛𝑒,𝑡) ∙ 𝑆𝐸𝐴𝐷𝐽𝑡 ∙ 𝑆𝐴𝐷𝐽𝑡)  +    (𝐷𝑆𝐸𝐻𝑡 ∙ 𝐷𝑆𝑡 ∙ 𝑠𝑒𝑛01𝑒) 𝑒, 𝑡 𝑆𝐸𝑁𝑒,𝑡 

(𝐼5) 𝐼𝑁𝑆𝑆𝐴𝑉ℎ,𝑡 =  ((𝑌𝐻ℎ,𝑡 ∙  (1 − 𝑇𝑌𝐻ℎ,𝑡)) ∙ 𝑆𝐻𝐻ℎ,𝑡)    ℎ, 𝑡 𝐼𝑁𝑆𝑆𝐴𝑉ℎ,𝑡  

(𝐼6) 𝐼𝑁𝑆𝑆𝐴𝑉𝑒,𝑡 =  ((𝑌𝐸𝑒,𝑡 ∙  (1 − 𝑇𝑌𝐸𝑒,𝑡)) ∙ 𝑆𝐸𝑁𝑒,𝑡)   𝑒, 𝑡 𝐼𝑁𝑆𝑆𝐴𝑉𝑒,𝑡  

(𝐼7) 𝑇𝑂𝑇𝑆𝐴𝑉𝑡 = ∑ 𝐼𝑁𝑆𝑆𝐴𝑉𝑖𝑛𝑠𝑑𝑛𝑔,𝑡 

𝑖𝑛𝑠𝑑𝑛𝑔

+  (𝐶𝐴𝑃𝑊𝑂𝑅𝑡 ∙ 𝐸𝑅𝑡) 

                   + ∑𝑌𝐹𝑓,𝑡  ∙  𝑑𝑒𝑝𝑟𝑒𝑐𝑓,𝑡

𝑓

    +   𝐾𝐴𝑃𝐺𝑂𝑉𝑡 

𝑡 𝐾𝐴𝑃𝐺𝑂𝑉𝑡  
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Table 9-17: Foreign institutions block equations 

No Equation 
Number of 

Variables and 
Equation 

Variables 

(𝑊1) 𝑌𝐹𝑊𝑂𝑅𝑓,𝑡   =  ∑ 𝑌𝐹𝐼𝑁𝑆𝑖𝑛𝑠𝑟𝑜𝑤,𝑓,𝑡

𝑖𝑛𝑠𝑟𝑜𝑤

  𝑓, 𝑡 𝑌𝐹𝑊𝑂𝑅𝑓,𝑡  

 

Asset capital stock updating and productivity 

9.1.5.1 Total factor productivity 

For the non-base years, efficiency parameter or total factor productivity (TFP) for each activity 

(𝐴𝐷𝑎,𝑡
𝑣𝑎) is calculated as a trend term (𝐴𝐷2𝑎,𝑡

𝑣𝑎 ) multiplied by relative changes in capital 

accumulation (𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡) and economic openness, which is defined by the real trade-to-GDP 

ratio (𝑇𝑅𝐷𝐺𝐷𝑃𝑡) (UP1), following Lofgren et al. (2013). In contrast, the trend term (𝐴𝐷2𝑎,𝑡
𝑣𝑎 ) 

is defined as a variable with an adjustment mechanism (UP2), where 𝛼𝑎,𝑡
𝑣𝑎𝑔 is exogenous 

parameter with unity value unless it is changed as part of a simulation scenario. Parameter 

𝑎𝑑𝑣𝑎01𝑎,𝑡 is a vector of zeros and one used to control relative TFP growth rates across 

activities. Variable 𝐴𝐷𝑉𝐴𝐴𝐷𝐽𝑡 is an additive adjustment factor, which could be endogenized 

when a certain GDP level is targeted. 

Table 9-18: Total factor productivity updating block equations 

No Equation 
Number of 

Variables and 
Equation 

Variables 

(𝑈𝑃1) 𝐴𝐷𝑎,𝑡
𝑣𝑎 =  𝐴𝐷2𝑎,𝑡

𝑣𝑎 ∙ ∏(
∑ 𝐹𝑆𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡𝑖𝑛𝑠

∑ 𝐹𝑆𝐼𝑁𝑆𝑖𝑛𝑠,𝑓
0

𝑖𝑛𝑠

)

𝑓∈𝑘

𝜌𝑎,𝑓,𝑡
𝑓𝑝

 𝑎, 𝑡 𝐴𝐷𝑎,𝑡
𝑣𝑎 

   ∙  (
∑ 𝑡𝑓𝑝𝑡𝑟𝑑𝑤𝑡𝑡𝑝,𝑡 ∗ 𝑇𝑅𝐷𝐺𝐷𝑃𝑡𝑡𝑝

𝑇𝑅𝐷𝐺𝐷𝑃0
)

𝜌𝑎,′𝑡𝑟𝑎𝑑𝑒′,𝑡
𝑓𝑝

   

(𝑈𝑃2) 𝐴𝐷2𝑎,𝑡
𝑣𝑎 = 𝐴𝐷2𝑎,𝑡−1

𝑣𝑎   𝑎, 𝑡 𝐴𝐷2𝑎,𝑡
𝑣𝑎  

               ∙ (1 + 𝛼𝑎,𝑡
𝑣𝑎𝑔

+ 𝐴𝐷𝑉𝐴𝐴𝐷𝐽𝑡 ∙ 𝑎𝑑𝑣𝑎01𝑎,𝑡)   
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9.1.5.2 Physical capital stock 

The growth of physical capital stock is modeled according to the approach of Thurlow (2004). 

In every non-base period, an average economy-wide rental rate of capital (𝐴𝑊𝐹𝑓,𝑡) is defined 

as the summation of each sector's rental rates weighted by the sector’s proportion of total capital 

factor demand (UP3). The sector’s share of the new capital investment (𝑆𝐻𝑅𝐶𝐴𝑃𝑓,𝑎,𝑡) is 

calculated by comparing the sectoral rental rates to the economy-wide average, then multiplied 

by the existing share of capital stock (UP4). These shares are used to allocate the new capital 

across various sectors. The βt parameter indicates the mobility of investment, i.e., when  βt 

equals zero, all investment can be thought of as being funded by retained profits. The quantity 

of new capital (𝐷𝐾𝐴𝑃𝑓,𝑎,𝑡) is defined as the value of gross fixed capital formation divided by 

the price of capital ( 𝑃𝐾𝑓,𝑡), multiplied by each sector’s share of new capital (UP5). The price 

of new capital stock (𝑃𝐾𝑓,𝑡) is defined as a weighted average of the fixed composition of capital 

and the market prices (UP6). 

The quantity of capital by institutions (𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡) is adjusted from its previous year level by 

adding new capital stock after deducting the depreciation (𝑑𝑒𝑝𝑟𝑒𝑐𝑓,𝑡) (UP7). 

9.1.5.3 Exogenous factor stock 

For the land factor, the supply of land owned by non-household institutions (𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡) is 

calculated based on the exogenous growth in the institutional endowments (UP8). For 

households, the real endowment of land is defined based on population growth. The value of 

the adjustment factor (𝑄𝐹𝑆𝐶𝐴𝐿𝑓,𝑡) is calculated based on the exogenous land stock owned by 

households (UP9). 
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Table 9-19: Asset stock updating block equations 

No Equation Number of 
Variables and 

Equation 

Variables 

(𝑈𝑃3) 
𝐴𝑊𝐹𝑓,𝑡            =   ∑((

𝐹𝐷𝑓,𝑎,𝑡

∑ 𝐹𝐷𝑓,𝑎𝑝,𝑡𝑎𝑝
) ∙ 𝑊𝐹𝑓,𝑡 ∙ 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡)

𝑎

 
𝑓, 𝑡 𝐴𝑊𝐹𝑓,𝑡 

(𝑈𝑃4) 
𝑆𝐻𝑅𝐶𝐴𝑃𝑓,𝑎,𝑡    =  (

𝐹𝐷𝑓,𝑎,𝑡

∑ 𝐹𝐷𝑓,𝑎𝑝,𝑡𝑎𝑝
)  ∙ (𝛽𝑡 ∙ (

𝑊𝐹𝑓,𝑡 ∙ 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡

𝐴𝑊𝐹𝑓,𝑡
))  

𝑓, 𝑎, 𝑡 𝑆𝐻𝑅𝐶𝐴𝑃𝑓,𝑎,𝑡 

(𝑈𝑃5) 
𝐷𝐾𝐴𝑃𝑓,𝑎,𝑡          =   𝑆𝐻𝑅𝐶𝐴𝑃𝑓,𝑎,𝑡 ∙ (

∑ 𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐼𝑁𝑉𝐷𝑐,𝑡𝑐

𝑃𝐾𝑓,𝑡
) 

𝑓, 𝑎, 𝑡 𝐷𝐾𝐴𝑃𝑓,𝑎,𝑡  

(𝑈𝑃6) 
𝑃𝐾𝑓,𝑡                    =   ∑𝑃𝑄𝐷𝑐,𝑡 ∙ (

𝑄𝐼𝑁𝑉𝐷𝑐,𝑡

∑ 𝑄𝐼𝑁𝑉𝐷𝑐𝑝,𝑡𝑐𝑝
)

𝑐

 
𝑓, 𝑡 𝑃𝐾𝑓,𝑡  

(𝑈𝑃7) 
𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡       =   𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡−1   ∙ (1 +

∑ 𝐷𝐾𝐴𝑃𝑓,𝑎,𝑡𝑎

𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡−1
− 𝑑𝑒𝑝𝑟𝑒𝑐𝑓,𝑡) 

𝑖𝑛𝑠, 𝑓, 𝑡 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 
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Table 9-20: Exogenous factor block equations 

No Equation 
Number of 

Variables and 
Equation 

Variables 

(𝑈𝑃8) 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 =  (𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 ∗ (1 + 𝑞𝑓𝑖𝑛𝑠𝑔𝑟𝑤𝑖𝑛𝑠,𝑓,𝑡) ∀𝑖𝑛𝑠𝑛ℎ(𝑖𝑛𝑠) 𝑖𝑛𝑠, 𝑓, 𝑡 𝐹𝑆𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡  

                         +     (𝑄𝐹𝑆𝐶𝐴𝐿𝑓,𝑡 ∙  𝑝𝑜𝑝𝑖𝑛𝑠,𝑡 ∗ 𝑞𝑓𝑝𝑐𝑖𝑛𝑠,𝑓,𝑡  )  ∀ℎ(𝑖𝑛𝑠)   ∀ 𝑓𝑒𝑥𝑜𝑔   

(𝑈𝑃9)                                   𝑓𝑠ℎℎ𝑡𝑜𝑡𝑓,𝑡  =  ∑ 𝑄𝐹𝐼𝑁𝑆ℎ,𝑓,𝑡

ℎ

                              ∀ 𝑓𝑒𝑥𝑜𝑔 𝑓, 𝑡 𝐹𝑆𝑆𝐶𝐴𝐿𝑓,𝑡 
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9.1.6 Market clearing conditions and macro closure 

9.1.6.1 Market clearning conditions 

STAGE-Edu contains four markets that need to be in equilibrium, i.e., in each market, total 

income equal to total expenditure or total demand equal to total supply. These markets include 

factor, product, domestic production, and foreign accounts. 

In each period, factor market equilibrium is determined according to the relationship between 

supply and real wage rate. The factor demand equals the real endowment of that factor by the 

different institutions after deducting unemployment (𝑈𝑁𝐸𝑀𝑃𝑓,𝑡) (C1 and C2). This is 

straightforward in attendance at the exogenous unemployment rate, which must be either a 

positive number or zero. 

Equilibrium in the composite commodity market is acquired through endogenous domestic and 

foreign prices, affecting production and employment, hence institutional incomes and 

consumption. This requires that the supply of each commodity be equal to the quantity 

demanded (C3). The aggregate supply of each commodity (𝑄𝑄𝑐,𝑡) includes the domestic 

production and imports. While its aggregate demand consists of private consumption, 

government demand, intermediate consumption, investment demand, stock changes, and 

margin services. 

The model allows domestic producers to modify their output mixes in response to changes in 

relative commodity prices (X19). Therefore, a constraint for the domestic production market is 

included ensuring clearing all commodities market (C4).  

Current account balance (𝐶𝐴𝑃𝑊𝑂𝑅𝑡) is determined as the difference between total 

expenditures on imports (goods and factor services from abroad) and income from abroad 

(exports, factor revenues and foreign transfers to domestic institutions) (AC1). Government 

account clears by defining government savings (𝐾𝐴𝑃𝐺𝑂𝑉𝑡) as the difference between 

government revenue and expenditures (AC2). 

A slack variable (𝑊𝐴𝐿𝑅𝐴𝑆𝑡) is included to clear the capital market by ensuring total savings 

(𝑇𝑂𝑇𝑆𝐴𝑉𝑡) equals the total investment expenditure (𝐼𝑁𝑉𝐸𝑆𝑇𝑡) (AC3). This value of this 

variable is zero when all markets are fully cleared, and the model is fully closed. 
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Table 9-21: Marketing-clearing block equations 

No Equation 
Number of 

Variables and 
Equation 

Variables 

(C1) 𝐹𝐷𝑓,𝑎,𝑡 =   𝐹𝑆𝑓,𝑡  𝑓, 𝑡 𝑊𝐹𝑓,𝑡  

(C2) 𝐹𝑆𝑓,𝑡 =  (1 − 𝑈𝑁𝐸𝑀𝑃𝑓,𝑡) ∙ ∑𝐹𝑆𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡

𝑖𝑛𝑠

 𝑓, 𝑡 𝐹𝑆𝑓,𝑡  

(C3) 𝑄𝑄𝑐,𝑡  = ∑𝑄𝐶𝐷𝑐,ℎ,𝑡

ℎ

 + 𝑄𝐺𝐷𝑐,𝑡 + 𝑄𝐼𝑁𝑇𝐷𝑐,𝑡 𝑐, 𝑡 𝑄𝑄𝑐,𝑡  

              + ∑𝑄𝐸𝐷𝑐,𝑒,𝑡

𝑐,𝑒

+ 𝑄𝑇𝑇𝐷𝑐,𝑡 +     

               + 𝑄𝐼𝑁𝑉𝐷𝑐,𝑡 + 𝑑𝑠𝑡𝑜𝑐𝑐𝑜𝑛𝑠𝑡𝑐,𝑡    

(C2) 𝑄𝑋𝐴𝐶𝑐,𝑡 =  𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡 ∙ 𝑄𝑋𝑎,𝑡 𝑎, 𝑡 𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡  
 

 

Table 9-22: Account closure block equations 

No Equation 
Number of 

Variables and 
Equation 

Variables 

(AC1) 𝐶𝐴𝑃𝑊𝑂𝑅𝑡 =  ∑
𝑌𝐹𝑊𝑂𝑅𝑓,𝑡

𝐸𝑅𝑡
⁄

𝑓

   𝑡 𝐶𝐴𝑃𝑊𝑂𝑅𝑡 

                    + ∑𝑃𝑊𝐸𝑐,𝑡 ∙ 𝑄𝐸𝑐,𝑡

𝑐

 − ∑ 𝑃𝑊𝑀𝑐,𝑡 ∙ 𝑄𝑀𝑐,𝑡

𝑐

   

             −  ∑𝑝𝑜𝑝ℎ,𝑡 ∙ 𝐻𝑂𝑊𝑂𝑅ℎ,𝑡

ℎ

− ∑𝐸𝑁𝑇𝑊𝑂𝑅𝑒,𝑡

𝑒

   

                   − ∑𝐹𝐴𝐶𝑇𝑊𝑂𝑅𝑓,𝑡

𝑓

− (𝑔𝑜𝑣𝑤𝑜𝑟𝑡  ∙  𝐺𝑊𝐴𝐷𝐽𝑡)   

(AC2) 𝐾𝐴𝑃𝐺𝑂𝑉𝑡 = 𝑌𝐺𝑡 − 𝐸𝐺𝑡 𝑡 𝐾𝐴𝑃𝐺𝑂𝑉𝑡 

(AC3) 𝑇𝑂𝑇𝑆𝐴𝑉𝑡 =  𝐼𝑁𝑉𝐸𝑆𝑇𝑡 + 𝑊𝐴𝐿𝑅𝐴𝑆𝑡  𝑡 𝑊𝐴𝐿𝑅𝐴𝑆𝑡  
 

The model contains a set of equations that allow for various possibilities to control the balances 

of macro-economic closures. These equations include a definition of nominal GDP, real GDP, 

real GDP at factor cost, absorption, and GDP or absorption shares of non-household payments 

and receipts (MC1 -MC12). 
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Table 9-23: Absorption and GDP and their closures block equations 

No Equation  Number of Variables 

and Equation 

Variables 

(MC1) 𝐺𝐷𝑃𝑁𝑂𝑀𝑡   = ∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐶𝐷𝑐,ℎ,𝑡 ∙ (1 + 𝑇𝑉𝑐,𝑡)

𝑐,ℎ

 𝑡   𝐺𝐷𝑃𝑁𝑂𝑀𝑡    

  + ∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐸𝐷𝑐,𝑒,𝑡

𝑐,𝑒

  + ∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐺𝐷𝑐,𝑡

𝑐

   

  +∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐼𝑁𝑉𝐷𝑐,𝑡

𝑐

+  ∑𝑃𝑄𝐷𝑐,𝑡 ∙

𝑐

𝑑𝑠𝑡𝑜𝑐𝑐𝑜𝑛𝑠𝑡𝑐,𝑡  
  

   +∑𝑃𝐸𝑐,𝑡 ∙ 𝑄𝐸𝑐,𝑡

𝑐

           −  ∑𝑃𝑀𝑐,𝑡 ∙ 𝑄𝑀𝑐,𝑡

𝑐

   

(MC2) 𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝑡 = ∑𝑃𝑄𝐷𝑐
0 ∙ 𝑄𝐶𝐷𝑐,ℎ,𝑡 ∙ (1 + 𝑇𝑉𝑐,𝑡)

𝑐,ℎ

     𝑡 𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝑡 

   + ∑𝑃𝑄𝐷𝑐
0 ∙ 𝑄𝐸𝐷𝑐,𝑒,𝑡

𝑐,𝑒

  + ∑𝑃𝑄𝐷𝑐
0 ∙ 𝑄𝐺𝐷𝑐,𝑡

𝑐

+ ∑𝑃𝐸𝑐
0 ∙ 𝑄𝐸𝑐,𝑡

𝑐

          

  + ∑𝑃𝑄𝐷𝑐
0 ∙ 𝑄𝐼𝑁𝑉𝐷𝑐,𝑡

𝑐

 +  ∑𝑃𝑄𝐷𝑐
0 ∙

𝑐

𝑑𝑠𝑡𝑜𝑐𝑐𝑜𝑛𝑠𝑡𝑐,𝑡 − ∑𝑃𝑀𝑐
0 ∙ 𝑄𝑀𝑐,𝑡

𝑐

   

(MC3) 𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝐹𝐶𝑡    = ∑𝑃𝑉𝐴𝑎
0 ∙ 𝑄𝑉𝐴𝑎,𝑡

𝑎

 𝑡    𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝐹𝐶𝑡     

(MC4) 𝑇𝑅𝐷𝐺𝐷𝑃𝑡    
= 

(∑ 𝑃𝐸𝑐
0 ∙ 𝑄𝐸𝑐,𝑡𝑐 + ∑ 𝑃𝑀𝑐

0 ∙ 𝑄𝑀𝑐,𝑡𝑐 )

𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝑡
 

𝑡 𝑇𝑅𝐷𝐺𝐷𝑃𝑡 
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No Equation  Number of 

Variables and 

Equation 

Variables 

(MC5) 𝑉𝑄𝐸𝐷𝐺𝐷𝑃𝑡 
= 

∑ 𝑉𝑄𝐸𝐷𝑒,1𝑒

𝐺𝐷𝑃𝑁𝑂𝑀𝑡
 

𝑡 𝑉𝑄𝐸𝐷𝐺𝐷𝑃𝑡 

(MC6) 𝑉𝐺𝐷𝐺𝐷𝑃𝑡 
= 

𝑉𝐺𝐷𝑡

𝐺𝐷𝑃𝑁𝑂𝑀𝑡
 

𝑡 𝑉𝐺𝐷𝐺𝐷𝑃𝑡 

(MC7) 𝐼𝑁𝑉𝐸𝑆𝑇𝐺𝐷𝑃𝑡 
=

𝐼𝑁𝑉𝐸𝑆𝑇𝑡  

𝐺𝐷𝑃𝑁𝑂𝑀𝑡
 

𝑡 𝐼𝑁𝑉𝐸𝑆𝑇𝐺𝐷𝑃𝑡 

(MC8) 𝐺𝐷𝑃𝑁𝑂𝑀𝐴𝑆𝐻𝑅𝑎,𝑡  
=

𝑃𝑉𝐴𝑎,𝑡  ∙ 𝑄𝑉𝐴𝑎,𝑡

∑ 𝑃𝑉𝐴𝑎𝑝,𝑡  ∙ 𝑄𝑉𝐴𝑎𝑝,𝑡𝑎𝑝
  

𝑎, 𝑡 𝐺𝐷𝑃𝑁𝑂𝑀𝐴𝑆𝐻𝑅𝑎,𝑡 

(MC9) 𝐴𝐵𝑆𝑁𝑂𝑀𝑡   = ∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐶𝐷𝑐,ℎ,𝑡 ∙ (1 + 𝑇𝑉𝑐,𝑡)

𝑐,ℎ

 + ∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐺𝐷𝑐,𝑡

𝑐

 𝑡 𝐴𝐵𝑆𝑁𝑂𝑀𝑡  

  + ∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐸𝐷𝑐,𝑒,𝑡

𝑐,𝑒

+  ∑𝑃𝑄𝐷𝑐,𝑡 ∙

𝑐

𝑑𝑠𝑡𝑜𝑐𝑐𝑜𝑛𝑠𝑡𝑐,𝑡  
  

  ∑𝑃𝑄𝐷𝑐,𝑡 ∙ 𝑄𝐼𝑁𝑉𝐷𝑐,𝑡

𝑐

   

(MC10) 𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡 
= 

∑ 𝑉𝑄𝐸𝐷𝑒,1𝑒

𝐴𝐵𝑆𝑁𝑂𝑀𝑡
 

𝑡 𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡 

(MC11) 𝑉𝐺𝐷𝐴𝐵𝑆𝑡 
= 

𝑉𝐺𝐷𝑡

𝐴𝐵𝑆𝑁𝑂𝑀𝑡
 

𝑡 𝑉𝐺𝐷𝐴𝐵𝑆𝑡 

(MC12) 𝐼𝑁𝑉𝐸𝑆𝑇𝐴𝐵𝑆𝑡  
=

𝐼𝑁𝑉𝐸𝑆𝑇𝑡  

𝐴𝐵𝑆𝑁𝑂𝑀𝑡
  

𝑡 𝐼𝑁𝑉𝐸𝑆𝑇𝐴𝐵𝑆𝑡  
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9.1.6.2 Closure rules 

9.1.6.2.1 Capital account closure 

There are two capital account closure rules In the model, namely, saving driven and an 

investment-driven closure rules. In the savings-driven closure (KC1), all saving rate adjusters 

– additive and multiplicative – are assumed to be exogenous and constant. Consequently, the 

changes in available savings in the economy rely on the changes in the incomes. In other words, 

private investment expenditure is determined by the supply of savings, including savings from 

abroad (a neo-classical view). 

Table 9-24: Capital closure account 

No Explanation Savings adjuster  Investment adjuster 

(KC1) Saving-driven 
investment 

𝑆𝐴𝐷𝐽𝑡    =  𝑆𝐴𝐷𝐽𝑡 

𝑆𝐻𝐴𝐷𝐽𝑡 = 𝑆𝐻𝐴𝐷𝐽𝑡  

𝑆𝐸𝐴𝐷𝐽𝑡 = 𝑆𝐸𝐴𝐷𝐽𝑡 

𝐷𝑆𝑡       =  𝐷𝑆𝑡 

𝐷𝑆𝐻𝐻𝑡 = 𝐷𝑆𝐻𝐻𝑡  

𝐷𝑆𝐸𝑁𝑡 = 𝐷𝑆𝐸𝑁𝑡 

𝐼𝑁𝑉𝐸𝑆𝑇𝐴𝐵𝑆𝑡      = +∞  

𝐼𝑁𝑉𝐸𝑆𝑇𝐺𝐷𝑃𝑡     = +∞ 

 

(KC2) Investment-driven 
Saving 

𝑆𝐴𝐷𝐽𝑡    =  +∞ 

𝑆𝐻𝐴𝐷𝐽𝑡 = 𝑆𝐻𝐴𝐷𝐽𝑡  

𝑆𝐸𝐴𝐷𝐽𝑡 = 𝑆𝐸𝐴𝐷𝐽𝑡 

𝐷𝑆𝑡       =  𝐷𝑆𝑡 

𝐷𝑆𝐻𝐻𝑡 = 𝐷𝑆𝐻𝐻𝑡  

𝐷𝑆𝐸𝑁𝑡 = 𝐷𝑆𝐸𝑁𝑡 

𝐼𝑁𝑉𝐸𝑆𝑇𝐴𝐵𝑆𝑡  =  𝐼𝑁𝑉𝐸𝑆𝑇𝐴𝐵𝑆𝑡 

𝐼𝑁𝑉𝐸𝑆𝑇𝐺𝐷𝑡      = +∞ 

 

In the investment-driven closure (KC2), (i.e., a Keynesian view), one of the investment 

adjusters is assumed constant at its initial level (GDP share or absorption share). This 

assumption indicates that one of the savings rate adjusters varies to ensure total savings and 

total investment balance.
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9.1.6.2.2 Factor market closure 

The model has four possibilities to govern factors markets. Firstly, the factor is fully employed 

and mobile, assuming its economy-wide wage rate clears the market, and its supply is constant 

within one period (FC1). 

Secondly, the factor is assumed to be fully employed and immobile across activities, e.g., 

capital. This specification intends that capital demand is constant during a specific time, while 

its sectoral price proportion is responsible for clearing the factor market (FC2). 

Table 9-25: Factor market closures 

No Explanation  Endogenous variables Exogenous variables  

(FC1) Factors full employed and mobile   

  𝐹𝐷𝑓,𝑎,𝑡               = + ∞ 𝐹𝑆𝑓,𝑡               =  𝐹𝑆𝑓,𝑡 

  𝑊𝐹𝑓,𝑡                 = +∞ 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡 = 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡 

(FC2) Factors full employed and immobile   

  𝑊𝐹𝑓,𝑡                 = +∞ 𝐹𝑆𝑓,𝑡               =  𝐹𝑆𝑓,𝑡 

  𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡     = + ∞ 𝐹𝐷𝑓,𝑎,𝑡            = 𝐹𝐷𝑓,𝑎,𝑡 

(FC3) Factors with the unemployment rate  

  𝐹𝑆𝑓,𝑡                    =  + ∞ 𝑊𝐹𝑓,𝑡              = 𝑊𝐹𝑓,𝑡 

  𝐹𝐷𝑓,𝑎,𝑡                 = + ∞ 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡 = 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡 

(FC4) Activity inspired restrictions on factor market closures  

  𝑊𝐹𝑓,𝑡                    =  + ∞ 𝐹𝑆𝑓,𝑡                = 𝐹𝑆𝑓,𝑡 

  𝐹𝐷𝑓,𝑎,𝑡                  = + ∞ 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡 = 𝑊𝐹𝐷𝐼𝑆𝑇𝑓,𝑎,𝑡 

  𝑊𝐹𝐷𝐼𝑆𝑇𝑓,′𝑎𝑐𝑡′,𝑡  = + ∞ 𝐹𝐷𝑓,′𝑎𝑐𝑡′,𝑡       = 𝐹𝐷𝑓,′𝑎𝑐𝑡′,𝑡 
 

Thirdly, the factor market can be modeled with an endogenous unemployment rate using 

equation system or simply via a factor market clearing nomination (FC3). In this specification, 
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the labor wage rate is constant at reservation wage or its level in a base year, and its supply is 

set to be perfectly elastic or as an endogenous variable158. 

Lastly, factor use by activity can be restricted to certain activities, which can implement for 

single activities but not all factors. This specification allows fixing the factor demand by activity 

and endogenizing the sectoral proportion of factor prices relating to this activity (FC4). 

9.1.6.2.3 Government closure  

Selecting the mechanism for clearing the government budget is an essential part of the policy 

scenarios. STAGE-Edu includes several possibilities to specify government balance. 

In the first closure (GC1), all tax and transfer adjusters are held constant, while government 

savings are made flexible. Initial rates (for taxes and transfers) are determined as exogenous 

variables for the tax adjusters, allowing them to adjust via multiplicative and additive scaling 

factors (see G5 -G15). Like tax rates, the adjusters of government transfers are used to finance 

the government budget when the base transfers are defined as exogenous variables (tax 

replacement). The second closure (GC2) maintains the government budget at its initial level. In 

contrast, one of the adjusters must be flexible to generate a fixed level of government savings 

in a multiplicative way. 

Furthermore, there are three alternative closure rules for controlling government consumption 

(GCC1-GCC2). The model allows endogenizing the government demand by a commodity. This 

is implemented by allowing its value (𝑉𝐺𝐷𝑡), absorption share (𝑉𝐺𝐷𝐴𝐵𝑆𝑡), or GDP share 

(𝑉𝐺𝐷𝐺𝐷𝑃𝑡), or adjustment factor (𝑄𝐺𝐷𝐴𝐷𝐽𝑡) to adjust. With this specification, the internal 

balance should be flexible, while one of its financial instruments needs to be free to cover the 

gap. 

                                                
158 Section 9.1.2.1 explains the mechanism of determining the unemployment rate. 
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Zable 9-26: Closures for internal balance account 

No Explanation Adjusters for balancing government account 

(GC1) Flexible internal balance and fixed adjusters Multiplicative tax adjusters  

𝑇𝐸𝐴𝐷𝐽𝑡      =  𝑇𝐸𝐴𝐷𝐽𝑡 

𝑇𝑀𝐴𝐷𝐽𝑡     =  𝑇𝑀𝐴𝐷𝐽𝑡 

𝑇𝑆𝐴𝐷𝐽𝑡       =  𝑇𝑆𝐴𝐷𝐽𝑡 

𝑇𝑄𝑆𝐴𝐷𝐽𝑡    =  𝑇𝑄𝑆𝐴𝐷𝐽𝑡 

𝑇𝐸𝑋𝐴𝐷𝐽𝑡    =  𝑇𝐸𝑋𝐴𝐷𝐽𝑡 

𝑇𝑉𝐴𝐷𝐽𝑡       =  𝑇𝑉𝐴𝐷𝐽𝑡 

𝑇𝑋𝐴𝐷𝐽𝑡       =  𝑇𝑋𝐴𝐷𝐽𝑡 

𝑇𝐹𝐴𝐷𝐽𝑡        =  𝑇𝐹𝐴𝐷𝐽𝑡 

𝑇𝐹𝑌𝐴𝐷𝐽𝑡     =  𝑇𝐹𝑌𝐴𝐷𝐽𝑡 

𝑇𝑌𝐻𝐴𝐷𝐽𝑡     =  𝑇𝑌𝐻𝐴𝐷𝐽𝑡 

𝑇𝑌𝐸𝐴𝐷𝐽𝑡      =  𝑇𝑌𝐸𝐴𝐷𝐽𝑡 

𝑇𝑌𝐴𝐷𝐽𝑡         =  𝑇𝑌𝐴𝐷𝐽𝑡 

Government savings 

𝐾𝐴𝑃𝐺𝑂𝑉𝑡      =  +∞ 

Additive tax adjusters  

𝐷𝑇𝑀𝑡            =  𝐷𝑇𝑀𝑡 

𝐷𝑇𝐸𝑡             =  𝐷𝑇𝐸𝑡 

𝐷𝑇𝑆𝑡              =  𝐷𝑇𝑆𝑡  

𝐷𝑇𝑄𝑆𝑡           =  𝐷𝑇𝑄𝑆𝑡 

𝐷𝑇𝐸𝑋𝑡           =  𝐷𝑇𝐸𝑋𝑡 

𝐷𝑇𝑉𝑡              =  𝐷𝑇𝑉𝑡 

𝐷𝑇𝑋𝑡              =  𝐷𝑇𝑋𝑡 

𝐷𝑇𝐹𝑡              =  𝐷𝑇𝐹𝑡  

𝐷𝑇𝑌𝐹𝑡           =  𝐷𝑇𝑌𝐹𝑡 

𝐷𝑇𝑌𝐻𝑡           =  𝐷𝑇𝑌𝐻𝑡 

𝐷𝑇𝑌𝐸𝑡           =  𝐷𝑇𝑌𝐸𝑡 

Multiplicative transfer adjusters  

𝐻𝐺𝐴𝐷𝐽𝑡      =  𝐻𝐺𝐴𝐷𝐽𝑡 

𝐸𝐺𝐴𝐷𝐽𝑡      =  𝐸𝐺𝐴𝐷𝐽𝑡 

(GC2) A flexible adjuster, i.e., multiplicative household 
tax and fixed other adjusters as well as 
government savings 

𝐾𝐴𝑃𝐺𝑂𝑉𝑡 = 𝐾𝐴𝑃𝐺𝑂𝑉𝑡 𝑻𝒀𝑯𝑨𝑫𝑱𝒕      =  +∞ 
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Table 9-27: Closures for government consumption  

NO Explanation Adjusters for government 
consumption 

(GCC3) Government consumption value and shares of 
government consumption in GDP and 
absorption are flexible while government 
consumption adjuster is constant. 

𝑉𝐺𝐷𝑡           =  +∞ 

𝑉𝐺𝐷𝐺𝐷𝑃𝑡   =  +∞ 

𝑉𝐺𝐷𝐴𝐵𝑆𝑡    =  +∞ 

𝑄𝐺𝐷𝐴𝐷𝐽𝑡       =  𝑄𝐺𝐷𝐴𝐷𝐽𝑡 

(GCC4) Government consumption adjuster and 
shares of government consumption in GDP 
and absorption are flexible while government 
consumption value is constant. 

𝑄𝐺𝐷𝐴𝐷𝐽𝑡    =  +∞ 

𝑉𝐺𝐷𝐺𝐷𝑃𝑡    =  +∞ 

𝑉𝐺𝐷𝐴𝐵𝑆𝑡     =  +∞ 

𝑉𝐺𝐷𝑡              =  𝑉𝐺𝐷𝑡 
 

9.1.6.2.4 Foreign account closure 

The external balance closure consists of two specific rules. The first rule has an endogenous 

exchange rate and exogenous current account balance and net foreign transfers to domestic 

institutions  (FBC1).  

The second rule endogenizes the current account balance, while keeping the exchange rate and 

all net foreign transfers constant (FBC2). 

Table 9-28: Closure rules for the balance of payments 

No Endogenous variables Exogenous variables  

(FBC1) Flexible exchange rate 

𝐸𝑅𝑡                                =  +∞ 

𝐶𝐴𝑃𝑊𝑂𝑅𝑡                 =  𝐶𝐴𝑃𝑊𝑂𝑅𝑡   

𝐺𝑊𝐴𝐷𝐽𝑡                     =  𝐺𝑊𝐴𝐷𝐽𝑡 

𝐻𝑂𝑊𝑂𝑅𝑡                   =  𝐻𝑂𝑊𝑂𝑅𝑡 

𝐸𝑁𝑇𝑊𝑂𝑅𝑡                 =  𝐸𝑁𝑇𝑊𝑂𝑅𝑡 

𝐹𝐴𝐶𝑇𝑊𝑂𝑅𝑡               =  𝐹𝐴𝐶𝑇𝑊𝑂𝑅𝑡 

(FBC2) Flexible current account balance  

𝐶𝐴𝑃𝑊𝑂𝑅𝑡               =  +∞ 

𝐸𝑅𝑡                              =  𝐸𝑅𝑡         

𝐺𝑊𝐴𝐷𝐽𝑡                     =  𝐺𝑊𝐴𝐷𝐽𝑡 

𝐻𝑂𝑊𝑂𝑅𝑡                   =  𝐻𝑂𝑊𝑂𝑅𝑡 

𝐸𝑁𝑇𝑊𝑂𝑅𝑡                 =  𝐸𝑁𝑇𝑊𝑂𝑅𝑡 

𝐹𝐴𝐶𝑇𝑊𝑂𝑅𝑡               =  𝐹𝐴𝐶𝑇𝑊𝑂𝑅𝑡 
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Numéraire closure 

The model contains tools for normalizing the prices, these are the consumer price index and the 

producer price index. One of these variables must be selected to serve as model numéraire 

(NM1 -NM2). 

Table 9-29: Closure rules for numéraire 

No Explanation Exogenous variables Endogenous variables 

(NM1) Consumer price index as numéraire. 𝑃𝑃𝑇𝑡    =  𝑃𝑃𝑇𝑡 𝐶𝑃𝐼𝑡 = +∞ 

(NM2) Producer price index as numéraire. 𝐶𝑃𝐼𝑡 =  𝐶𝑃𝐼𝑡  𝑃𝑃𝐼𝑡 = +∞ 
 

Enterprise account closures 

In STAGE-Edu, there are three variables for controling the enterprise account. These include: 

a) the scaling factor of enterprise demand by commodity (𝑄𝐸𝐷𝐴𝐷𝐽𝑡), b) enterprise expenditure 

GDP share (𝑉𝑄𝐸𝐷𝐺𝐷𝑃), and c) absorption share of enterprise demand (𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡). For each 

rule, one of these variables must be fixed, while others are held constant. 

Table 9-30: Closure rules for enterprise account 

No Explanation Exogenous variables Endogenous variables 

(EAC1) Exogenous adjustment 
variable   𝑄𝐸𝐷𝐴𝐷𝐽𝑡 = 𝑄𝐸𝐷𝐴𝐷𝐽𝑡 

𝑉𝑄𝐸𝐷𝐺𝐷𝑃𝑡 = +∞ 
𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡 = +∞ 

(EAC2) Exogenous GDP share 
of enterprise demand    𝑉𝑄𝐸𝐷𝐺𝐷𝑃𝑡 = 𝑉𝑄𝐸𝐷𝐺𝐷𝑃𝑡 

𝑄𝐸𝐷𝐴𝐷𝐽𝑡     =  +∞ 
𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡 = +∞ 

(EAC3) 
Exogenous absorption 
shares of enterprise 
demand    

𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡 = 𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡 
𝑄𝐸𝐷𝐴𝐷𝐽𝑡     =  +∞ 
𝑉𝑄𝐸𝐷𝐺𝐷𝑃𝑡 = +∞ 

 

Total factor productivity closure 

STAGE-Edu has two closures for calibrating for the TFP growth rate. In the first closure, the 

real GDP at factor cost is flexible (TFP1), and the TFP for all activities is determined based on 

exogenous growth rate (𝛼𝑎,𝑡
𝑣𝑎𝑔

,𝐴𝐷𝑉𝐴𝐴𝐷𝐽
𝑡
).   
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The real GDP at factor cost is fixed in the second closure (TFP2), while the TFP scaling variable 

(𝐴𝐷𝑉𝐴𝐴𝐷𝐽𝑡) is flexible in the TFP equation (see UP2). 

Table 9-31: Closures for total factor productivity 

No Explanation Exogenous variables Endogenous variables 

(TFP1) Exogenous TFP closure   

  𝐴𝐷𝑉𝐴𝐴𝐷𝐽𝑡 = 𝐴𝐷𝑉𝐴𝐴𝐷𝐽𝑡 𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝐹𝐶𝑡 =  +∞ 

(TFP2) Exogenous GDP closure    

                                                      𝐺𝐷𝑃𝑅𝐸𝐴𝐹𝐶𝑡 = 𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝐹𝐶𝑡  𝐴𝐷𝑉𝐴𝐴𝐷𝐽𝑡 = +∞ 
 

9.2 Education and training module 

The accumulation of human capital stock is modeled following the approach developed by 

Lofgren et al. (2013) in linking the outputs of the ET (dropouts and graduates) and the labor 

force. This section illustrates the human capital stock evolution mechanism adopted in STAGE-

Edu, which is depicted in Figure 9-3. The following sub-section provides a detailed description 

of ET structure, including various cycles, types of students, and the interaction between those 

cycles and students. Sub-section 9.2.2 illustrates the determinants of ET decisions and choices. 

It also presents the methods and behavioral functions that are used to determine the outputs of 

the ET by cycle and grade, and the mechanism of choosing between VT, NEET, and joining the 

labor force. The mechanism of accumulating labor force evolution is presented in sub-section 

9.2.3159. 

9.2.1 Education and training system and student groups 

In STAGE-Edu, ET is split into AKE and VT, as illustrated in Figure 9-3. AKE consists of three 

cycles: primary, secondary, and tertiary education. Secondary education is disaggregated based 

on the practical components into two cycles: secondary non-VE and secondary VE160. VT is a 

                                                
159 NEET term is an acronym for Not in Education, Employment, or Training. It refers to an individual who is 

unemployed and not receiving an education or vocational training. 
160 According to UNESCO  (2012a), VE is education programors that are designed to acquire the knowledge, 

skills and competencies specific to a particular occupation, trade, or class of occupations or trades. The 
students in VE have an opportunity to practice what they learned and build their experiences, while students 
in the non-VE cycle are more focusing on the scientific aspects. 
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non-AKE cycle (i.e., the completion of VT is not accounted for in AKE advancement), which 

can be modeled either as an aggregate sector or as a detailed sector (comprising several sub-

sectors), depending on the research question under consideration. 

In STAGE-Edu, there are seven types of student behaviors or groups (ET outputs), which 

includes the following161: 

1) New entrant: a student who enters ET for the first time; 

2) Promoted student: a student who successfully finishes non-final grades (not 

necessarily the cycle); 

3) Repeater: a student who repeats the current grade; 

4) Dropout: a student who leaves the school (at any grade level, even the last grade) 

without getting the certificate of completion of the current cycle; 

5) Continuing graduate: promoted students from the last grade in the below tertiary 

cycles in AKE who decide to continue to the next cycle;  

6) Exiting graduate: a graduate who finishes the last grade successfully in the below 

tertiary cycles in AKE and exits AKE. 

7) Finishing graduate: a graduate who finishes the last grade successfully (in the tertiary 

cycle and VT); 

Per the schooling year, total enrollment per grade, cycle, and household can be split into three 

sub-groups: promoted students, dropouts, and repeaters. Hence, the summation of the shares of 

these three sub-groups of students must equal one. In contrast, the total number of graduates 

from each cycle is the summation of the exiting graduates and the continuing graduates. Hence, 

the summation of their shares must be one, too. 

At any time, children arriving at school-age are new entrants to the primary cycle (from NEET), 

as shown in Figure 9-3. Enrolled students have two options within each cycle: to continue their 

study within the cycle (promoted students and repeaters) or to quit (dropouts).  At the end of 

the schooling year, graduates can choose to continue to the next cycle (continuing graduate) or 

to quit AKE (exiting graduate). 

                                                
161 The term “student behaviour” is introduced in the MAMS model to express different types of student groups, 

e.g., dropouts.  
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Figure 9-3: Evolution of the labor force in STAGE-Edu

Source: Author's compilation.
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Primary school graduates who decide to continue to secondary education have two options: to 

enter secondary non-VE or secondary VE. Students who choose to quit school and leave AKE 

(dropouts and exiting graduates) have three choices: seeking a job (joining the labor force), 

entering VT, or being idle (joining the NEET category). 

For VT, the newly enrolled group refers to people who are willing to improve their skill level 

by taking VT courses. This cohort includes the following two types: people from the NEET 

category at working age (15-65) and leavers from AKE (dropouts and exiting graduates). The 

dropouts and graduates from VT should choose between entering the job market or joining the 

NEET category. 

The movements of students between the grade levels in one cycle and between various cycles 

are assumed to depend on a set of socio-economic determinants162. These determinants include: 

a) the quality of ET, b) direct costs of ET, c) health status, d) access to ET services, e) household 

income per capita, f) minimum grade levels required to enter the next AKE level, and g) the 

willingness to join the labor market at the end of each grade or cycle.  

9.2.2 Education and training outputs 

STAGE-Edu defines shares of the different student behaviors by cycle and household 

endogenously at each given year. These shares are calculated using the logistic function 

suggested by Lofgren et al. (2013). Using this formation permits incorporating exogenous 

information about elasticities that govern responses of ET outputs resulting from changes in 

socio-economic determinants. It also permits segments of decreasing and increasing marginal 

returns of socio-economic determinants and translates these returns into improvements in ET 

outputs. Moreover, the inclusion of the household dimension permits capturing the changes in 

ET outputs per household based on its specific preferences and characteristics. 

In every period, the ratio of new entrants, promoted students, continuing graduates, and 

finishing graduates (𝑏𝑙𝑜𝑔) per ET cycle and household (𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡) is determined 

endogenously employing the logistic function (𝐷𝐸𝑇1). 

The maximum value of the function is denoted by 𝑒𝑥𝑡𝑏,𝑐,ℎ
𝑒  and is defined to be equal to one. 

The value of 𝛼𝑏,𝑐,ℎ,𝑡
𝑒  is estimated relative to the base-year value of 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡. The 

                                                
162 In this dissertation, socio-economic determinants are also called variables or standards. 
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parameter 𝛾𝑏,𝑐,ℎ,𝑡
𝑒  is responsible for shifting the function left or right. 𝛽𝑏,𝑐,ℎ,𝑡

𝑒  controls the 

steepness of the function163.  

In contrast, the proportion of dropouts and exiting graduates (𝑏𝑟𝑒𝑠) per cycle and household is 

calculated as a residual (𝐷𝐸𝑇2).  

The logistic function has only one endogenous variable, called the intermediate variable 

(𝑍_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡). The value of this variable is determined in a CEF (DET3), relying on relative 

changes of various ET determinants.  

Overall, the socio-economic determinants of ET output are defined as follows:  

1) ET quality (𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡): real ET services per student, which are measured by 

government and household expenditure on ET164;  

2) Wage incentives or premium (∏ (

𝑊𝐹𝑓,𝑡
𝑊𝐹𝑓𝑝,𝑡

⁄

𝑊𝐹𝑓,𝑡−1
𝑊𝐹𝑓𝑝,𝑡−1

⁄
)

𝜌𝑏,𝑐,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑧

𝑓,𝑓𝑝 ): measured as 

the relative gains that can be achieved from continuing education. For instance, 

primary graduates compare the wage rate of secondary graduates (𝑊𝐹𝑓,𝑡) to their 

current wage rate (𝑊𝐹𝑓𝑝,𝑡); 

3) Health status (∏ (
𝑄𝑄𝑐ℎ𝑙𝑡,𝑡∙𝑃𝑄𝐷𝑐ℎ𝑙𝑡

0

𝑄𝑄𝑐ℎ𝑙𝑡,𝑡−1∙𝑃𝑄𝐷𝑐ℎ𝑙𝑡
0 )

𝜌𝑏,𝑐ℎ,"𝑐ℎ𝑡𝑙",𝑡 
𝑧

𝑐ℎ𝑙𝑡 ) : aggregate health services 

available in the economy; 

4) Household income per capita ((
𝑌𝐻𝑃𝐶𝑡

𝑌𝐻𝑃𝐶𝑡−1
)

𝜌𝑏,𝑐,ℎ,"𝑞𝑐𝑑𝑝𝑐",𝑡
𝑧

): income earned by each 

household.  

                                                
163 Following Lofgren et al. (2013), the base-year values of 𝛾𝑏,𝑐,ℎ,𝑡

𝑒  and 𝛽𝑏,𝑐,ℎ,𝑡
𝑒  parameters are estimated by using 

two functions. The first function replicates the base-year elasticities of student grup share (𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡) 
with respect to the arguments of the constant-elasticity function. The second function is used to achieve a 
target of student behaviour (e.g. a share very close to one for new entrants to primary education) under a set 
of values for the arguments of the constant-elasticity function that have been identified by other studies. 

164 According to Slade (2017) and UNESCO (2015), the quality of ET services is measured based on the 
following three key components; (a) quality of teachers; (b) quality of learning tools and curriculum; and (c) 
quality of learning environments and infrastructure, including facilities. The changes of these components are 
affected by both household and government expenditure on ET. Government expenditure is used for 
providing education services for households (building schools, hiring teachers, training for teachers, etc.). In 
contrast, household expenditure on education is used for filling the gap in government expenditure, for 
instance, hiring supplementary teachers. 
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5) Direct cost of ET ((
𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐,𝑡−1
)

−𝜌𝑏,𝑐,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑧

): the ratio between the current price (𝑃𝑄𝐷𝑐,𝑡) 

and previous-year price (𝑃𝑄𝐷𝑐,𝑡−1) of ET services165; 

6) Access to education services (∏ (
𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡∙𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎

0

𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡−1∙𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎
0 )

𝜌𝑏,𝑐ℎ,"𝑖𝑛𝑓𝑟𝑎",𝑡 
𝑧

𝑐𝑖𝑛𝑓𝑟𝑎 ): aggregate 

infrastructure services available in the economy166; 

7) Minimum grades (∏ (
𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡

𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡−1
)

𝜌𝑏,ℎ,𝑐,"𝑒𝑑𝑢𝑝𝑙𝑜",𝑡 
𝑧

𝑐𝑒𝑑𝑢𝑡∈𝑒𝑑𝑢𝑠𝑡 ) of national examination 

as entry pre-requisites to the secondary and tertiary cycles of education, which are 

determined politically. 

Educational quality, wage incentives, and health status are considered in STAGE-Edu following 

Lofgren et al. (2013). The direct cost of education and access to schools are introduced in 

STAGE-Edu, following the theoretical framework of Ehrenberg and Smith (2012) and 

conclusions of UNESCO's empirical studies. The latter sources emphasize the influence of 

these two determinants on ET decisions made by students and their parents, especially in 

developing countries.  

Based on the above information, the total number of enrolled students (𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,ℎ,𝑡) is 

defined per cycle, household, and year (DET4). It is equal to the summation of total enrolled 

students in AKE (𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) and total enrolled students in VT (𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡). 

Total enrollment in AKE by cycle, grade, household, and year (𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) is equal to 

the summation of the following groups (Figure 9-3; 𝐷𝐸𝑇5): 

i. New entrants ("𝑛𝑒𝑡𝑖𝑛𝑔1") arriving at school age (6 years) for the primary cycle 

(𝑐𝑒𝑑𝑢𝑝); 

ii. Promoted students ("𝑝𝑟𝑜𝑚") from the previous year;  

iii. Repeaters ("𝑟𝑒𝑝") from the previous year;  

iv. Continuing graduates (′𝑔𝑟𝑑𝑐𝑜𝑛𝑡′) of secondary education (𝑐𝑒𝑑𝑠𝑐) who choose to 

enter the tertiary cycle (𝑐𝑒𝑑𝑡𝑐);  

                                                
165 Direct cost of ET is household expenditure on ET to fill the shortage in government expenditure on ET, for 

instance, costs for school maintenance or providing water and electricity. 
166 Economic infrastructure refers to the basic facilities, which are directly benefit the production process and 

distribution in an economy, e.g., roads, railways, and airway etc.  
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v. Primary graduates ( 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) who choose to enter secondary education (VE 

or not); 

vi. Students from the NEET category (𝑒𝑛𝑟𝑜𝑙𝑛𝑒𝑤𝑜𝑡ℎ 𝑐,𝑔𝑟𝑑,ℎ,𝑡) who left the system before 

(dropouts and exiting graduates) and decided to return to their study in the current 

year. 

Where 𝑝𝑜𝑝𝑎𝑔𝑒6,ℎ,𝑡 refers to the population at the age of entering primary education from 

household groups at a current year. 

The total enrollment at VT by grade, cycle, household, and year (𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) is 

calculated as the summation of the following categories (Figure 9-3; 𝐷𝐸𝑇6)167: 

i. Newly enrolled students ("𝑛𝑒𝑡𝑖𝑛𝑔1") from the NEET category at an age between 15-

65 years (𝑝𝑜𝑝𝑎𝑔𝑒𝑙𝑎𝑏,ℎ,𝑡)168; 

ii. Promoted students ("𝑝𝑟𝑜𝑚") from the previous year, who decide to take further 

training;  

iii. Repeaters ("𝑟𝑒𝑝") from the previous year;  

iv. Dropouts (𝐷𝑅𝑂𝐷𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡) and exiting graduates (𝐸𝑋𝑇𝐺𝑅𝐷𝑉𝑇𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡) from 

AKE who choose to enter VT (𝑐𝑣𝑡); 

v. Dropouts and exiting graduates from the NEET category (𝑒𝑛𝑟𝑜𝑙𝑛𝑒𝑤𝑜𝑡ℎ 𝑐,𝑔𝑟𝑑,ℎ,𝑡), who 

left the system before and decide to return to get the VT certificate in the current year. 

For every cycle, the ET quality (𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡) is annually calculated as the ratio of aggregate 

services and total enrollment in the current year relative to the base year (𝐷𝐸𝑇7). 

The next sub-sections clarify the mechanism of modeling the remaining ET decisions. Those 

include decisions of primary graduates to continue their secondary education (VE or not), 

decisions of leavers of AKE to either join the labor force, enter VT, or become idle (the NEET 

group) and decisions of leavers of VT to either join the labor force or become idle (Figure 9-3). 

The choices are depicted on the base of three determinants; namely, ET direct cost, ET quality, 

and wage premiums. CEFs are used to model such choices accordingly. 

                                                
167 VT has one grade level of one year.  
168 𝑝𝑜𝑝𝑎𝑔𝑒𝑙𝑎𝑏,ℎ,𝑡  refers to the population in the age group [15 -65[ years from the househiold group h at time t 

who are willing to improve their skill levels by entering VT component. 
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Table 9-32: Logistic function block equations 

No Equation  
Number of Variables 

and Equation 
Variables 

(𝐷𝐸𝑇1) 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡  =  𝑒𝑥𝑡𝑏,𝑐,ℎ
𝑒 +

𝛼𝑏,𝑐,ℎ,𝑡
𝑒

1 + 𝐸𝑋𝑃(𝛾𝑏,𝑐,ℎ,𝑡
𝑒 + 𝛽𝑏,𝑐,ℎ,𝑡

𝑒 ∙ 𝑍_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡)
                       ∀𝑏𝑙𝑜𝑔 𝑏, 𝑐, ℎ, 𝑡 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡  

(𝐷𝐸𝑇2) 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡  = (1 − ∑ 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡

𝑏∈𝑏𝑙𝑜𝑔

) ∙
𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ

0

∑ 𝑆𝐻𝑅_𝐸𝐷𝑈𝑏𝑝,𝑐,ℎ
0

𝑏𝑟𝑒𝑠𝑝

                      ∀𝑏𝑟𝑒𝑠 

𝑏, 𝑐, ℎ, 𝑡 

𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡  

(𝐷𝐸𝑇3) 𝑍_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡  = 𝛼𝑏,𝑐,ℎ
𝑒0 ∙  (𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡)

𝜌𝑏,𝑐,ℎ,"𝑒𝑑𝑢𝑞𝑎𝑙",𝑡
𝑧

     ∙  (
𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐,𝑡−1
)

−𝜌𝑏,𝑐,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑧

  

𝑏, 𝑐, ℎ, 𝑡 

𝑍_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡  

  ∙  ∏(
𝑄𝑄𝑐ℎ𝑙𝑡,𝑡 ∙ 𝑃𝑄𝐷𝑐ℎ𝑙𝑡

0

𝑄𝑄𝑐ℎ𝑙𝑡,𝑡−1 ∙ 𝑃𝑄𝐷𝑐ℎ𝑙𝑡
0 )

𝜌𝑏,𝑐ℎ,"𝑐ℎ𝑡𝑙",𝑡 
𝑧

𝑐ℎ𝑙𝑡

∙   (
𝑌𝐻𝑃𝐶𝑡

𝑌𝐻𝑃𝐶𝑡−1
)
𝜌𝑏,𝑐,ℎ,"𝑦ℎ𝑝𝑐",𝑡

𝑧

   

  ∙ ∏(

𝑊𝐹𝑓,𝑡
𝑊𝐹𝑓𝑝,𝑡

⁄

𝑊𝐹𝑓,𝑡−1
𝑊𝐹𝑓𝑝,𝑡−1

⁄
)

𝜌𝑏,𝑐,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑧

 

𝑓,𝑓𝑝

   

  ∙ ∏ (
𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡 ∙ 𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎

0

𝑄𝑄𝑐𝑖𝑛𝑓𝑟𝑎,𝑡−1 ∙ 𝑃𝑄𝐷𝑐𝑖𝑛𝑓𝑟𝑎
0 )

𝜌𝑏,𝑐ℎ,"𝑖𝑛𝑓𝑟𝑎",𝑡 
𝑧

𝑐𝑖𝑛𝑓𝑟𝑎

   

  ∙  ∏ (
𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡

𝑚𝑖𝑛𝑔𝑟𝑎𝑑𝑒𝑐,𝑡−1
)

𝜌𝑏,ℎ,𝑐,"𝑒𝑑𝑢𝑝𝑙𝑜",𝑡 
𝑧

𝑐𝑒𝑑𝑢𝑡∈𝑒𝑑𝑢𝑠𝑡
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Table 9-33: Education and training outputs block equations 

No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐷𝐸𝑇4) 𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,ℎ,𝑡 =  ∑ (𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 + 𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡)

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑔𝑟𝑑

 𝑐, ℎ, 𝑡 𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,ℎ,𝑡 

(𝐷𝐸𝑇5) 𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 =  (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑛𝑒𝑡𝑖𝑛𝑔1",𝑐,ℎ,𝑡 ∙ ∑ 𝑝𝑜𝑝𝑝𝑜𝑝,ℎ,𝑡

𝑝𝑜𝑝∈𝑎𝑔𝑒6

) ∀ 𝑐𝑒𝑑𝑢𝑝 𝐴𝑁𝐷 𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑖𝑛 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 

  
+ ( ∑ 𝑆𝐻𝑅𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑔𝑟𝑑𝑝∈𝑚𝑔𝑟𝑑𝑔𝑟𝑑

) + 𝑒𝑛𝑟𝑜𝑙𝑛𝑒𝑤𝑜𝑡ℎ 𝑐,𝑔𝑟𝑑,ℎ,𝑡 
 

 

  + ( ∑

𝑆𝐻𝑅_𝐸𝐷𝑈"𝑔𝑟𝑑𝑐𝑜𝑛𝑡",𝑐𝑝,ℎ,𝑡−1 ∙

∙ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐𝑝,ℎ,𝑡−1 ∙ ∑ 𝐸𝑁𝑅𝑂𝐿𝑐𝑝,𝑔𝑟𝑑𝑝,ℎ,𝑡

𝑐𝑝,𝑔𝑟𝑑𝑝∈𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑎𝑥𝑐𝑝∈𝑐𝑒𝑑𝑢𝑠

)∀ 𝑐𝑒𝑑𝑢   

  + (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑟𝑒𝑝",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1) + ( 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) ∀ 𝑐𝑒𝑑𝑢𝑠   
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No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐷𝐸𝑇6) 𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 =  (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑛𝑒𝑡𝑖𝑛𝑔1",𝑐,ℎ,𝑡 ∙ ∑ 𝑝𝑜𝑝𝑝𝑜𝑝,ℎ,𝑡

𝑝𝑜𝑝∈𝑎𝑔𝑒𝑙𝑎𝑏𝑒𝑛𝑡

)                             ∀ 𝑐𝑣𝑡     𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 

  + ( ∑ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑𝑝,ℎ,𝑡−1

𝑔𝑟𝑑𝑝∈𝑚𝑔𝑟𝑑𝑔𝑟𝑑

)     

  + ( ∑ ∑ 𝐸𝑋𝑇𝐺𝑅𝐷𝑆𝑉𝑇𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡

𝑐𝑛𝑒𝑑𝑢𝑡∈𝑚𝑐𝑒𝑑𝑢𝑔𝑟𝑑𝑚𝑎𝑥𝑠𝑎𝑐∈𝑣𝑡𝑡

)   

  
+( ∑ 𝐷𝑅𝑂𝐷𝑉𝑇𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡

𝑐∈𝑐𝑎𝑘𝑒

) + (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑟𝑒𝑝",𝑐,ℎ,𝑡−1 ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1) 
  

(𝐷𝐸𝑇7) 𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡 (
𝑄𝑄𝑐,𝑡

∑ 𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡ℎ,𝑔
) (

𝑄𝑄𝑐
0

∑ 𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ
0

𝑔,ℎ

)⁄          ∀ 𝑐𝑒𝑑𝑢 𝑐, 𝑡 𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡 
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The next sub-sections clarify the mechanism of modeling the remaining ET decisions. Those 

include: a) decisions of primary graduates to continue their secondary education (VE or not), 

b) decisions of leavers of AKE to either join the labor force, enter VT, or become idle (the NEET 

group), c) decisions of leavers of VT to either join the labor force or become idle, and d) low 

educated and trained labor who wish to improve their skill level may join VT and thus can 

choose agricultural or non-agricultural VT (Figure 9-3)169. These choices are depicted on the 

base of three determinants; namely, ET direct cost, ET quality, and wage premiums. CEFs are 

used to model such choices accordingly. 

9.2.2.1 Choices of primary graduates 

This group chooses between secondary non-VE and secondary VE. The number of entrants to 

the first grade of secondary education per household (𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) is determined as a 

share parameter (𝑠ℎ𝑟𝑝𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡), multiplied by total primary graduates who choose to enter 

the secondary cycle in the current year by household in the current year (𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡), 

multiplied by the relative change in the educational quality per cycle, the wage incentive, the 

minimum grade of entering the secondary cycle policy, and the cost of each cycle (𝐸𝑇𝐶1)170. 

The influence of each determinant on educational outputs depends on the elasticities (𝜌𝑏,𝑐,𝑠𝑎𝑐
𝑒𝑑𝑐ℎ ), 

which are imposed in the model as parameters. For example, the elasticity of the direct cost 

standard can be set to zero to the model, indicating that the effect is negligible (zero), or the 

government fully covers the education cost. 

Where the total number of primary graduates per household (𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡) in the current 

year is calculated as a product of share of continuing graduates in the previous year multiplied 

by the total graduates from the primary cycle in the previous year (𝐸𝑇𝐶2)171. 

The number of primary graduates who choose to enter the secondary VE level per household 

(𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡) is calculated in (𝐸𝑇𝐶3) as a residual by subtracting the number of primary 

graduates who choose to continue to the secondary non-VE cycle  (c) in the first-grade (grd) 

                                                
169 “Low educated and trained labor” is combining primary educated labor and uneducated and untrained labor. 
170 𝑠ℎ𝑟𝑝𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡  is a share of primary graduates who choose to enter secondary non-VE in total continuing 

graduates from the primary cycle. The initial value is determined based on the base-year values. The time 
dimension in this parameter enables the model to capture changes that may happen over time. 

171 Total number of graduates per cycle and household is calculated as a product of the share of promoted 
students from the previous grade (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡) multiplied by the total enrollment in that grade 
(𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1) in the previous period. 
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per household (𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡) from the total primary graduates who continue their 

education at the secondary level (𝑇𝑂𝑇𝑁𝐸𝑊𝐺𝑅𝐷ℎ,𝑡). 

Now, a CEF is used to determine the number of new entrants to the agricultural VE cycle 

(𝐸𝑇𝐶4). This number is determined (per household) considering the relative changes in three 

variables: educational quality among the secondary VE cycles, wage incentives for the 

corresponding labor categories, and direct secondary education costs. 

For calculating entrants to the agricultural VE cycle (𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡), the relative 

changes of the variables mentioned earlier are multiplied by the total new entrants to the 

secondary VE cycle (per household) in the current year (𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡) and the ratio of new 

entrants in the first grade at secondary agricultural VE cycle to the total new entrants to the 

secondary agricultural VE cycle in the base year (𝑠ℎ𝑟𝑔𝑟𝑑𝑣𝑒𝑐,𝑔,h,𝑡). 

Hence, the number of new entrants to the secondary non-agricultural VE cycle per household 

(𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡   ) is determined as a residual (𝐸𝑇𝐶5) by subtracting the number of 

new entrants to the agricultural VE cycle (𝐸𝑇𝐶4) from the total number of primary graduates 

who enter the secondary VE level per household (𝐸𝑇𝐶3) 172.  

9.2.2.1.1 Choices of leavers from the education and training system 

This section covers the mechanism of modelling ET choices for leavers of both AKE and VT. 

The dropouts and exiting graduates from the AKE cycles decide between joining the labor force, 

entering VT (agricultural or not), or becoming idle (the NEET group). In contrast, the leavers 

from VT have only two choices: joining the labor force or becoming idle (the NEET group). 

Although the latter restriction of VT leavers to not enter AKE (is not a realistic assumption), it 

is implemented to reduce the complexity in the model. 

The model distinguishes between dropouts and exiting graduates in ET when it comes to the 

status in the labor force. Those who quit the school before getting a certificate of the current ET 

level will be counted as holders of a certificate of the lower level of ET in the labor force. For 

                                                
172 Total number of graduates per cycle and household is calculated as a product of the share of promoted 

students from the previous grade (𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡) multiplied by the total enrollment in that grade 
(𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1) in the previous period. 
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instance, dropouts from the primary cycle join the labor force as uneducated and untrained labor 

because they have no completion certificate of primary education. 

Total dropouts per cycle, grade, and household (𝑇𝑂𝑇𝐷𝑅𝑂𝑃𝑐,𝑔𝑟𝑑,h,𝑡) are calculated as products 

of the share of dropouts from the previous year multiplied by total enrolled students 

(𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡) from the previous year (𝐸𝑇𝐶6). 

The number of dropouts who choose to enter the labor force per cycle, grade, and household 

(𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡) are calculated as products of a share parameter of dropouts who enter the 

labor force (𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ"𝑙𝑎𝑏_𝑚𝑎𝑟𝑘",𝑐,𝑔𝑟𝑑,ℎ,𝑡) multiplied by the total number of dropouts taking into 

account the relative changes in the wage premium of the corresponding labor groups (𝐸𝑇𝐶7)173. 

The number of dropouts who decide not to join the labor force (𝐷𝑅𝑂𝑃𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡) is 

calculated as a residual by subtracting the number of dropouts who join the labor force from 

the total number of dropouts (𝐸𝑇𝐶8). 

Hence, the number of dropouts who join VT in order to improve their skill level before entering 

the labor force (𝐷𝑅𝑂𝑃𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡) is the product of a share parameter of dropouts who enter VT 

(𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ"𝑣𝑡",𝑐,𝑔𝑟𝑑,ℎ,𝑡) multiplied by the total number of dropouts who choose not to search for 

a job and the relative changes in the direct cost of education, and the relative VT quality changes 

(𝐸𝑇𝐶9)174. The number of dropouts who choose to be idle (NEET) per cycle, grade, and 

household (𝐷𝑅𝑂𝑃𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡) is calculated as residual (𝐸𝑇𝐶10). 

Like primary graduates entering the secondary VE cycle, the CEFs are used to determine the 

number of dropouts from the AKE system (𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡) per cycle, grade, and 

household entering the agricultural VT program. The choice is determined considering three 

standards: (a) relative changes in the VT quality, (b) wage incentives, and (c) direct cost of VT 

(𝐸𝑇𝐶11). The number of dropouts who choose to join non-agricultural VT per household 

(𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡  ) is determined as a residual (𝐸𝑇𝐶12). 

Like dropouts, the number of exiting graduates per cycle, grade, and household is split over the 

three above-mentioned choices. Again, the sub-groups are determined using CEFs, considering 

                                                
173 In the case of using 𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,ℎ,𝑡 of form the base year, the dropouts will be distributed based 

according to the relative change in the ET determinants. If there are no changes in ET determinants, dropouts 
will allocate across different choices as in the base year. 

174 This choice is only for leavers from AKE.  
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the relative changes in the quality of VT services, the wage incentive, the direct cost of VT, and 

the opportunity cost of pursing training (ETC13 – ETC19). 

9.2.2.1.2 Choices of low educated and trained labor 

A decision for low educated labor to join the VT system is determined using CEFs. They decide 

based on the difference between the current wage of low educated and trained labor and the 

wage of holders of a VT certificate. The number of low educated and trained labor entering VT 

(𝐿𝐴𝐵𝑂𝑅𝑉𝑇ℎ,𝑡) is determined as a product of their share in the (𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡ℎ,𝑡) multiplied by those 

who decided to enter the system last year (𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡2𝑙,ℎ,𝑡−1  ∙  𝑄𝐹𝐼𝑁𝑆𝑙,ℎ,𝑡−1), and the relative 

changes in their current wage premium (𝐸𝑇𝐶20)175. 

Then, the number of low educated and trained labor who choose to enter the agricultural VT 

cycle (𝐿𝐴𝐵𝑂𝑅𝐴𝐺𝑅𝑉𝑇𝑐,𝑔,ℎ,𝑡) is determined using CEF, considering the same factors mentioned in 

Eq 7-9. Whereas those who enter non-agricultural VT are determined residually (𝐸𝑇𝐶21).. 

Based on the described modifications, the total labor supply per labor category and household 

is annually determined by subtracting the low educated and trained labor who enter VT from 

the summation of labor from the NEET category, graduates and dropouts from ET system, and 

non-retired labor who are in the working-age group (𝐸𝑇𝐶22)176. 

9.2.3 Labor force accumulation 

New labor may join the labor force either from the NEET category or from ET in a given year. 

Simultaneously, labor may leave the labor force (due to death, sickness, or retirement). Labor 

from ET is composed of those who graduate or quit school and decide to search for a job. Labor 

from the NEET category refers to those who previously decided neither to seek employment, 

education, or VT and become motivated to join the labor force in the current year.  

As shown in Figure 9-3, the real endowment of households with labor (𝑄𝐹𝐼𝑁𝑆ℎ,𝑙,𝑡) is defined 

annually as the summation of the following groups (𝐹𝐿𝐴𝐵1).: 

i. Non-retired labor from the previous year;  

                                                
175 𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡ℎ,𝑡   is share of low educated and trained labor who enter VT component from labor market. Where 

𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡2ℎ,𝑡 is share of low educated and trained labor who leave the job market. 
176 NEET is the term that refers to the group of individuals who are Not in Employment, Education or Training. 
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ii. Population in the age group (15 - 64) cohort joining the labor force from outside the 

schooling system; 

iii. Finishing graduates from the tertiary cycle and VT;  

iv. Exiting graduates from below tertiary cycles; 

v. Dropouts from ET;  

vi. Labor from the NEET category. 

As mentioned before, the linkages between the labor force and ET can be eliminated in the 

model by turning off the relevant equations of ET outputs. In this case, the labor force is defined 

(𝐹𝐿𝐴𝐵2). as the product of the labor supply in the base year multiplied by an adjuster 

(𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽2𝑡). 

The value of this adjuster is calculated based on the endogenous labor participation rate. The 

labor participation rate ( 𝐿𝐴𝐵𝑃𝐴𝑅𝐴𝑇𝑡) is equal to the ratio of the labor supply (labor force size) 

to the population in the working-age who are not enrolled in post-primary cycles of education 

(𝐹𝐿𝐴𝐵3).177. 

 

                                                
177 𝑝𝑜𝑝"𝑎𝑔𝑒𝑙𝑎b",𝑡 is population in age cohort entering labor force. 
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Table 9-34: Choices of primary graduate block equations 

No Equation  
Number of 

Variables and 

Equation 

Variables 

(𝐸𝑇𝐶1) 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡    = 𝑠ℎ𝑟𝑝𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡  𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡    

  ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑏,𝑐,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑒𝑑𝑐ℎ

 

𝑓,𝑓𝑝,𝑐∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

   

 

 ∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡−1

⁄ )

𝜌𝑏,𝑐ℎ,"𝑒𝑑𝑢𝑞𝑎𝑙",𝑡
𝑒𝑑𝑐ℎ

𝑐𝑝∈𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑠

                        ∀𝑐𝑒𝑑𝑢𝑎𝑠   

 

 ∙ ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡
𝑃𝑄𝐷𝑐,𝑡−1

𝑃𝑄𝐷𝑐𝑝,𝑡−1

⁄ )

−𝜌𝑐,𝑔,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑒𝑑𝑐ℎ

 

𝑐𝑝∈𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑠

   

(𝐸𝑇𝐶2) 𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡 =  ( ∑

𝑆𝐻𝑅_𝐸𝐷𝑈"𝑔𝑟𝑑𝑐𝑜𝑛𝑡",𝑐,ℎ,𝑡−1

∑ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑎𝑥

∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1
𝑐∈𝑐𝑒𝑑𝑢𝑝

) ℎ, 𝑡 𝑇𝑂𝑇𝑃𝑅𝑀𝐺𝑅𝐷ℎ,𝑡 

(𝐸𝑇𝐶3) 𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡 =  𝑇𝑂𝑇𝑁𝐸𝑊𝐺𝑅𝐷ℎ,𝑡  − ∑ 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡

𝑐∈𝑐𝑒𝑑𝑢𝑎𝑠

 ℎ, 𝑡 𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡 
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No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐸𝑇𝐶4) 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡    = 𝑠ℎ𝑟𝑔𝑟𝑑𝑣𝑒𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡   𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡    

  ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑒𝑑𝑐ℎ

  
(𝑙,𝑙𝑝)∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

   

 

 ∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑎𝑙",𝑡
𝑒𝑑𝑐ℎ

𝑐𝑝∈𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒

∀𝑐𝑣𝑒𝑎𝑔𝑟𝑖   

 

 ∙ ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡
𝑃𝑄𝐷𝑐,𝑡−1

𝑃𝑄𝐷𝑐𝑝,𝑡−1

⁄ )

−𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑒𝑑𝑐ℎ

𝑐∈𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒

   

(𝐸𝑇𝐶5) 𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡    = 𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡 − ∑ 𝑁𝐸𝑊𝐺𝑅𝐷𝑐𝑎𝑔𝑟𝑖𝑣𝑒,𝑔𝑟𝑑,ℎ,𝑡

𝑐𝑎𝑔𝑟𝑖𝑣𝑒

                                         𝑐, 𝑔𝑟𝑑, ℎ, 𝑡   𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔𝑟𝑑,ℎ,𝑡    
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Table 9-35: Choices of leavers from the education and training system 

No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐸𝑇𝐶11) 𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 = 𝑠ℎ𝑟𝑣𝑡𝑑𝑟𝑝𝑎𝑔𝑟𝑖𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐷𝑅𝑂𝑃𝑉𝑇ℎ,𝑡                       ∀𝑐𝑣𝑡𝑎𝑔𝑟𝑖  𝑐, 𝑔𝑟𝑑, ℎ, 𝑡   𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 

  ∙ ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡
𝑃𝑄𝐷𝑐,𝑡−1

𝑃𝑄𝐷𝑐𝑝,𝑡−1

⁄ )

−𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑑𝑟𝑜𝑝

𝑐𝑝∈𝑚𝑎𝑝𝑐𝑣𝑡

   

  ∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑎𝑙",𝑡
𝑑𝑟𝑜𝑝

𝑐𝑝∈𝑚𝑎𝑝𝑐𝑣𝑡

   

  ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑑𝑟𝑜𝑝

 

𝑙,𝑙𝑝∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

   

(𝐸𝑇𝐶12) 𝐷𝑅𝑂𝑃𝑁𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  = 𝐷𝑅𝑂𝑃𝑉𝑇ℎ,𝑡  − ∑ 𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐𝑎𝑔𝑟𝑖𝑣𝑡,𝑔𝑟𝑑,ℎ,𝑡

𝑐𝑎𝑔𝑟𝑖𝑣𝑡

 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡   𝐷𝑅𝑂𝑃𝑁𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  

(𝐸𝑇𝐶13) 𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡 = 

(

 
 

𝑆𝐻𝑅_𝐸𝐷𝑈"𝑔𝑟𝑑𝑒𝑥𝑖𝑡",𝑐,ℎ,𝑡−1 ∙

( ∑ 𝑆𝐻𝑅_𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,ℎ,𝑡−1  ∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑔𝑟𝑑∈𝑚𝑎𝑝_𝑐𝑔𝑚𝑎𝑥

)

)

 
 

 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡   𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡 
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No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐸𝑇𝐶14) 𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡     = 𝑠ℎ𝑟𝑔𝑟𝑑𝑠𝑐ℎ"𝑙𝑎𝑏𝑚𝑎𝑟𝑘𝑡"𝑐,𝑔,ℎ,𝑡 ∙  𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡   𝑐, 𝑔𝑟𝑑, ℎ, 𝑡    𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡     

  ∙  ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑤𝑓𝑝𝑤𝑚",𝑡
𝑔𝑟𝑑𝑠

𝑓,𝑓𝑝∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

   

(𝐸𝑇𝐶15) 𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  = 𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔𝑟𝑑,ℎ,𝑡  −  𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 

(𝐸𝑇𝐶16) 𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  = 𝑠ℎ𝑟𝑔𝑟𝑑𝑠𝑐ℎ"𝑣𝑡𝑡"𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙  𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡        ∀𝑐𝑣𝑡𝑎𝑔𝑟𝑖 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 

  ∙  ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡
𝑃𝑄𝐷𝑐,𝑡−1

𝑃𝑄𝐷𝑐𝑝,𝑡−1

⁄ )

−𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑔𝑟𝑑𝑠

𝑐∈𝑐𝑣𝑡

 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡  

  ∙  ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,"𝑒𝑑𝑢𝑞𝑎𝑙",𝑡
𝑔𝑟𝑑𝑠

𝑐∈𝑐𝑣𝑡

   

  ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑔𝑟𝑑𝑠

 

𝑙,𝑙𝑝∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐
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No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐸𝑇𝐶17) 𝐺𝑅𝐷𝑆𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡     = 𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  − 𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝐺𝑅𝐷𝑆𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡     

(𝐸𝑇𝐶18) 𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  = 𝑠ℎ𝑟𝑣𝑡𝑔𝑟𝑑𝑎𝑔𝑟𝑖𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐺𝑅𝐷𝑆𝑉𝑇ℎ,𝑡        ∀𝑐𝑣𝑡𝑎𝑔𝑟𝑖 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  

  ∙ ∏ (

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡
𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡−1

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑒𝑑𝑢𝑎𝑙",𝑡
𝑔𝑟𝑑𝑠

𝑐𝑝∈𝑐𝑛𝑎𝑔𝑟𝑖𝑣

   

  ∙ ∏ (

𝑊𝐹𝑙,𝑡

𝑊𝐹𝑙𝑝,𝑡
𝑊𝐹𝑙,𝑡−1

𝑊𝐹𝑙𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑤𝑔𝑝𝑟𝑚",𝑡
𝑔𝑟𝑑𝑠

  

𝑙,𝑙𝑝∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

   

  ∙ ∏ (

𝑃𝑄𝐷𝑐,𝑡

𝑃𝑄𝐷𝑐𝑝,𝑡
𝑃𝑄𝐷𝑐,𝑡−1

𝑃𝑄𝐷𝑐𝑝,𝑡−1

⁄ )

𝜌𝑐,𝑔𝑟𝑑,ℎ,"𝑐𝑜𝑠𝑡",𝑡
𝑔𝑟𝑑𝑠

𝑐𝑝∈𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡

   

(𝐸𝑇𝐶19) 𝐺𝑅𝐷𝑆𝑁𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 = 𝐺𝑅𝐷𝑆𝑉𝑇ℎ,𝑡  −  ∑ 𝐺𝑅𝐷𝑆𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡

𝑐𝑎𝑔𝑟𝑖𝑣𝑡

            ∀𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡 𝑐, 𝑔𝑟𝑑, ℎ, 𝑡 𝐺𝑅𝐷𝑆𝑁𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 
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Table 9-36: Human capital accumulation block equations 

No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐹𝐿𝐴𝐵1) 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 = (

𝑆𝐻𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑙,𝑡
0 ∙

 (1 − 𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽𝑡 ∙ 𝑑𝑒𝑝𝑟𝑒𝑐𝑙,𝑡−1) ∙ ∑ 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠𝑝,𝑙,𝑡−1

𝑖𝑛𝑠𝑝∈𝑆𝐻𝐹𝐼𝑁𝑆ℎ𝑝,𝑙,𝑡
0

) 𝑖𝑛𝑠, ℎ, 𝑡 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 

  +(

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡2𝑙,ℎ,𝑡 ∙

∑ 𝑝𝑜𝑝𝑝𝑜𝑝,ℎ,𝑡

𝑝𝑜𝑝∈𝑎𝑔𝑒𝑙𝑎𝑏

− ∑ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡

(𝑐,𝑔)∈𝑚𝑐𝑒𝑑𝑢𝑔𝑟𝑑𝑙𝑎𝑏𝑒𝑛𝑡

 )     

  +( ∑

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡𝑙,ℎ,𝑡 ∙

∑ 𝑆𝐻𝑅𝐸𝐷𝑈"𝑝𝑟𝑜𝑚",𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

∙ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔,ℎ,𝑡−1
𝑐∈𝑐𝑒𝑑𝑢𝑡 𝐴𝑁𝐷 𝑐𝑣𝑡

)   

  +( ∑ 𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

 ) + ( ∑ 𝐸𝑋𝑇𝐺𝑅𝐷𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

)   

  +( ∑
𝑠ℎ𝑟𝑛𝑒𝑒𝑡𝑑𝑟𝑜𝑝𝑐,𝑔𝑟𝑑,ℎ,𝑡

∙ 𝐷𝑅𝑂𝑃𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡−1
𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

 ) − (
𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡2𝑙,ℎ,𝑡−1 

∙  𝑄𝐹𝐼𝑁𝑆𝑙,ℎ,𝑡−1
)   

  +( ∑ 𝑠ℎ𝑟𝑛𝑒𝑒𝑡𝑔𝑟𝑑𝑐,𝑔𝑟𝑑,ℎ,𝑡 ∙ 𝐸𝑋𝑇𝐺𝑅𝐷𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡−1

𝑐,𝑔𝑟𝑑∈𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐

)   
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No Equation  

Number of 

Variables and 

Equation 

Variables 

(𝐹𝐿𝐴𝐵2) 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 =  𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽2𝑡  ∙  𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑙
0                       ∀ 𝑙 𝐴𝑁𝐷 𝑓𝑒𝑥𝑜𝑔 𝑖𝑛𝑠, ℎ, 𝑡 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 

(𝐹𝐿𝐴𝐵3)  𝐿𝐴𝐵𝑃𝐴𝑅𝐴𝑇𝑡  =  
∑ 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡𝑖𝑛𝑠,𝑓

𝑝𝑜𝑝"𝑎𝑔𝑒𝑙𝑎𝑏",𝑡  −    ∑ 𝐸𝑁𝑅𝑂𝐿𝑐,𝑔,𝑡𝑐,𝑔𝑟𝑑
    ∀ 𝑙 𝐴𝑁𝐷 𝑓𝑒𝑥𝑜𝑔 𝑡  𝐿𝐴𝐵𝑃𝐴𝑅𝐴𝑇𝑡  
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Table 9-37. List of sets used in STAGE_Edu 

Symbol Description  

𝑎 Activities 

𝑎𝑐𝑒𝑡 Activities with CET function on outputs 

𝑎𝑐𝑒𝑡𝑛 Activities without CET function on outputs 

𝑎𝑔𝑒6 Population in age cohort entering grade 1 

𝑎𝑔𝑒𝑙𝑎𝑏𝑒𝑛𝑡 Population of labor force age (15 – 64 years) 

𝑎𝑞𝑥 Activities with CES aggregation function at Level 1 of production nest 

𝑎𝑞𝑥𝑛 Activities with Leontief aggregation function at Level 1 of production nest 

𝑏 Student group; “rep” = repeater; “dropout”= dropout; “prom”= promotion; 

“grdcont”=continuing graduate; “grdexit”= exiting graduate; “neting1”=new 

entrat 

𝑏𝑙𝑜𝑔 Student group determined by logistic function (“prom”, “neting1”, and “grdcont”) 

𝑏𝑟𝑒𝑠 Student group determined by residual scaling (“dropout”, “rep”, and “grdexit”) 

𝑐 Commodities 

𝑐𝑎𝑔𝑟𝑖𝑣𝑒 Secondary agricultural vocational education services  

𝑐𝑎𝑔𝑟𝑖𝑣𝑡 Secondary non-agricultural vocational training services  

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑒 Secondary non-agricultural vocational education services  

𝑐𝑛𝑎𝑔𝑟𝑖𝑣𝑡 Secondary non-agricultural vocational training services  

𝑐𝑑 Commodities produced and demanded domestically 

𝑐𝑑𝑛 Commodities NOT produced and demanded domestically 

𝑐𝑒 Exported commodities with export demand functions 

𝑐𝑒𝑛 Exported commodities without export demand functions 

𝑐𝑒𝑑𝑢 Education and training services  

𝑐𝑒𝑑𝑢𝑛𝑠 Primary and tertiary education services  

𝑐𝑒𝑑𝑢𝑝 Primary education services  

𝑐𝑒𝑑𝑎𝑠 Secondary non-vocational education services  

𝑐𝑒𝑑𝑢𝑠 Secondary education services  

𝑐𝑒𝑑𝑢𝑡 Tertiary education services  

𝑐ℎ𝑙𝑡ℎ Health services 

𝑐𝑖𝑛𝑓𝑟𝑎 Infrastructure services 

𝑐𝑚 Imported commodities 

𝑐𝑚𝑛 Non-imported commodities 

𝑐𝑣𝑒 Secondary vocational education services 
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𝑐𝑣𝑡 Vocational training services 

𝑐𝑥 Commodities produced domestically 

𝑐𝑥𝑛 Commodities NOT produced domestically AND imported 

𝑐𝑥𝑎𝑐 Commodities that are differentiated by activity     

𝑐𝑥𝑎𝑐𝑛 Commodities that are NOT differentiated by activity 

𝑒 Enterprises  

𝑓 Natural factors 

𝑓𝑎𝑔 Aggregate factors 

𝑓𝑒𝑥𝑜𝑔 Factors with exogenous growth rates 

𝑓𝑓 Aggregate and natural factors 

𝑔𝑟𝑑 Grade level within the cycle 

ℎ Households  

𝑖𝑛𝑠 Institutions  

𝑖𝑛𝑠𝑛ℎ Non-household institutions 

𝑘 Capital factor 

𝑙 Labor factor 

𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑔𝑟𝑑 Mapping identifying all grades for each cycle (level)   

𝑚𝑎𝑝𝑐𝑒𝑑𝑢𝑠 Mapping between the secondary cycles   

𝑚𝑎𝑝𝑐𝑣𝑒 Mapping set between secondary education cycles (agricultural and non-agricultural) 

𝑚𝑎𝑝𝑓𝑙𝑎𝑏𝑐 Mapping labor groups and the education and training levels  

𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑖𝑛 Mapping set between cycle and the first grade  

𝑚𝑎𝑝𝑔𝑟𝑑𝑚𝑎𝑥 Mapping set between cycle and the last grade 

𝑛 Land factor 

𝑠𝑎𝑐 Global set 
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Table 9-38: List of parameters used in STAGE_Edu  

Symbol Description  

𝑎𝑑𝑓𝑑𝑏𝑓𝑎𝑔,𝑎,𝑡 Shift parameter for CES production functions for the factor demand equation 

𝑎𝑑𝑥𝑏𝑎,𝑡 Shift parameter for CES production functions for activity's output equation 

𝑎𝑑𝑥01𝑎  0-1 par for flexing of shift parameter on functions for activity's output equation 

𝑎𝑑𝑣𝑎01𝑎 
0-1 par for flexing of shift parameter on functions for total factor productivity 

equation 

𝑐𝑜𝑚𝑡𝑜𝑡𝑠ℎ𝑐 Share of commodity c in total commodity demand                                                

𝑑𝑎𝑏𝑎𝑑𝑥𝑎,𝑡 Change in base shift parameter on functions for activity's output equation 

𝑑𝑎𝑏𝑠𝑒𝑛𝑒,𝑡 Change in base enterprise saving rates                                                        

𝑑𝑎𝑏𝑠ℎℎℎ,𝑡 Change in base household saving rates                                                         

𝑑𝑎𝑑𝑓𝑑𝑓,𝑎,𝑡 Change in base shift parameter on functions for F                                             

𝑑𝑎𝑏𝑡𝑒𝑐,𝑡 Change in base export taxes on commodity imported from region w                                  

𝑑𝑎𝑏𝑡𝑓𝑓,𝑎,𝑡 Change in base factor us tax rate on activities                                               

𝑑𝑎𝑏𝑡𝑚𝑐,𝑡              Change in base tariff rates on commodity imported from region w                                  

𝑑𝑎𝑏𝑡𝑠𝑐,𝑡 Change in base quantity sales tax rate                                                        

𝑑𝑎𝑏𝑡𝑞𝑠𝑐,𝑡 Change in base sales tax rate                                                                 

𝑑𝑎𝑏𝑡𝑣𝑐,𝑡  Change in base value added tax rate                                                           

𝑑𝑎𝑏𝑡𝑥𝑎,𝑡 Change in base indirect tax rate                                                              

𝑑𝑎𝑏𝑡𝑒𝑥𝑐,𝑡  Change in base excise tax rate                                                                

𝑑𝑎𝑏𝑡𝑣𝑓𝑓,𝑡 Change in base direct tax rate on factors                                                     

𝑑𝑎𝑏𝑡𝑦ℎℎ,𝑡       Change in base direct tax rate on households                                                  

𝑑𝑎𝑏𝑡𝑦𝑒𝑒,𝑡 Change in base direct tax rate on enterprises                                                 

𝑑𝑒𝑝𝑟𝑒𝑐𝑓,𝑡          Depreciation rate for factor f                                                                

𝑑𝑠𝑡𝑜𝑐𝑐𝑜𝑛𝑠𝑡𝑐,𝑡 Stock change demand volume 

𝑒𝑐𝑜𝑛𝑐 Constant for export demand equations 

𝑒𝑛𝑟𝑜𝑙𝑛𝑒𝑤𝑜𝑡ℎ𝑐,𝑔𝑟𝑑,𝑡   Share parameter for CES production functions for activity's output equation 

𝑒𝑥𝑡_𝑒𝑑𝑢𝑏,𝑐 Extreme (maximum) value for education behavior b in cycle c                                    

𝑔𝑟𝑑𝑐𝑜𝑛𝑡01𝑐𝑝,𝑐  0-1 parameter showing that for cycle cp next cycle is c 

ℎ𝑜ℎ𝑜𝑠ℎℎ,ℎ𝑝,𝑡 Share of household h after-tax and saving income transferred to hp                               

ℎ𝑜𝑒𝑛𝑡𝑠ℎℎ,𝑒,𝑡 Share of enterprise income after-tax save and consumption to household h                                    

𝑖𝑜𝑞𝑖𝑛𝑡𝑞𝑥𝑎,𝑡 Aggregate intermediate quantity per unit 𝑄𝑋𝑎,𝑡 for Level 1 Leontief aggregation                                    

𝑖𝑜𝑞𝑣𝑎𝑞𝑥𝑎,𝑡 Aggregate value-added quant per unit𝑄𝑋𝑎,𝑡  for Level 1 Leontief aggregation                                    

𝑖𝑜𝑞𝑡𝑑𝑞𝑑𝑐,𝑎,𝑡 Intermediate input-output coefficients                                                        

𝑖𝑜𝑞𝑡𝑡𝑞𝑞𝑚,𝑐,𝑡 Quantity of margin m used per unit of domestic demand 𝑄𝑄𝑐,𝑡                                      
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𝑖𝑜𝑞𝑡𝑡𝑞𝑒𝑚,𝑐,𝑡  Quantity of margin m used per unit of export demand QE                                        

𝑖𝑜𝑞𝑡𝑑𝑞𝑡𝑡𝑐,𝑡  Quantity of commodity c used to produce a unit of margin m                                    

𝑖𝑛𝑣𝑐𝑜𝑛𝑠𝑡 𝑐,𝑡 Investment demand volume 

𝑝𝑜𝑝ℎ,𝑡 Population by household group 

𝑝𝑤𝑠𝑒𝑐,𝑡              World price of export substitutes                                                             

𝑞𝑒𝑑𝑐𝑜𝑛𝑠𝑡𝑐,𝑒,𝑡     Volume of enterprise consumption 

𝑞𝑐𝑑𝑐𝑜𝑛𝑠𝑡𝑐,ℎ     Volume of subsistence consumption 

𝑞𝑓ℎℎ𝑡𝑜𝑡𝑓,𝑡 Total household stocks of factor f (for f with exogenous stocks)                        

𝑞𝑓𝑖𝑛𝑠𝑔𝑟𝑤𝑖𝑛𝑠,𝑓,𝑡 Exogenous growth rate for factor f owned by institution ins 

𝑞𝑓𝑝𝑐𝑖𝑛𝑠,𝑓,𝑡  (raw) per capita stock of factor f for institution ins (for f with exogenous stock)                     

𝑞𝑔𝑑𝑐𝑜𝑛𝑠𝑡𝑐,𝑡 Government demand volume 

𝑠𝑒𝑛01𝑒  0-1 par for potential flexing of enterprise saving rates                                      

𝑠𝑒𝑛𝑏𝑒,𝑡 Base enterprise saving rates                                                                  

𝑠ℎℎ01ℎ 0-1 par for potential flexing of household saving rates                                       

𝑠ℎℎ𝑏ℎ,𝑡 Base household saving rates                                                                   

𝑠ℎ𝑟𝑑𝑟𝑝𝑐ℎ𝑠𝑎𝑐,𝑐,𝑔𝑟𝑥𝑑,𝑡  Share of dropout under various choices 

𝑠ℎ𝑟𝑔𝑟𝑑𝑐ℎ𝑠𝑎𝑐,𝑐,𝑔𝑟𝑥,𝑡  Share of exiting graduates under various choices 

𝑠ℎ𝑟𝑝𝑔𝑟𝑑𝑐,𝑔𝑟𝑑  
Share parameter for primary graduates who make educational choices at secondary 

level 

𝑠ℎ𝑟𝑔𝑟𝑑𝑣𝑒𝑐,𝑔𝑟𝑑,ℎ,𝑡  
Share parameter for primary graduates who make educational choices at secondary 

VE  

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡𝑓,ℎ,𝑡 share of dropouts and leavers in cycle c that enter the labor force 

𝑠ℎ𝑟𝑙𝑎𝑏𝑒𝑛𝑡2𝑓,ℎ,𝑡 share of labor type f of labor force entrants without education or training 

𝑠ℎ𝑟𝑙𝑎𝑏𝑣𝑡ℎ,𝑡 Share parameter for low educated labor who make educational choices at VT level 

𝑠ℎ𝑟𝑣𝑡𝑔𝑟𝑑𝑎𝑔𝑟𝑖𝑐,𝑔𝑟𝑑,ℎ,𝑡 Share parameter for exiting graduates who make educational choices at VT level 

𝑠ℎ𝑟𝑣𝑡𝑑𝑟𝑝𝑎𝑔𝑟𝑖𝑐,𝑔𝑟𝑑,ℎ,𝑡  Share parameter for dropouts who make educational choices at VT level 

𝑡𝑒𝑏𝑐,𝑡            Export subsidy rate                                                                           

𝑡𝑒01𝑐  0-1 par for potential flexing of export taxes on commodities                                     

𝑡𝑓𝑏𝑓,𝑎,𝑡 Factor-use tax rate                                                                           

𝑡𝑓01𝑓,𝑎 0-1 par for potential flexing of factor use tax rates                                         

𝑡𝑚𝑏𝑐,𝑡            Tariff rate on commodity c                                                                    

𝑡𝑚01𝑐  0-1 par for potential flexing of Tariff rates on commodities                                  

𝑡𝑠𝑞𝑏𝑐,𝑡              Quantity Sales tax rates                                                                      

𝑡𝑠𝑞01𝑐  0-1 par for potential flexing of quantity sales tax rates                                     

𝑡𝑠𝑏𝑐,𝑡               Sales tax rates                                                                               

𝜌𝑏,𝑐,𝑠𝑎𝑐,𝑡
𝑙𝑎𝑏  Elasticity for modeling the choices for low educated labor       
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𝜌𝑐
𝑡             Elasticity parameter for Output Armington CET function                                        

𝜌𝑎
𝑥             Elasticity parameter for CES production function for 𝑄𝑋𝑎,𝑡                                                                       

𝜌𝑎
𝑣𝑎 Elasticity parameter for CES production function for 𝑄𝑉𝐴𝑎,𝑡                                                                        

𝜌𝑓𝑓,𝑎
𝑓𝑑  Elasticity parameter for CES production functions for aggregated factor demand                                 

𝜌𝑎,𝑓,𝑡
𝑓𝑝  Elasticity parameter for total factor productivity equation                                  

𝜌𝑐
𝑥𝑐              Elasticity parameter for commodity output CES aggregation                                     

𝜌𝑐,𝑔𝑟𝑑,𝑠𝑎𝑐,𝑡 
𝑧  Elasticity of education and training behavior b in cycle c wrt to indicator sac                                      

𝜌𝑠𝑎𝑐 
𝑤𝑓  Elasticity of reservation wage for factor f wrt indicator sac                                 
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Table 9-39: List of variables used in STAGE-Edu  

Symbol Description 

𝐴𝐵𝑆𝑁𝑂𝑀𝑡  Total nominal absorption                                                                                 

𝐴𝐷𝐹𝐷𝑓𝑓,𝑎,𝑡  Shift parameter for factor and activity-specific efficiency                                              

𝐴𝐷𝑉𝐴𝑎,𝑡 Efficiency parameter of 𝐶𝐸𝑆 production function for factor demand                                                 

𝐴𝐷𝑉𝐴2𝑎,𝑡  Endogenous TFP trend term by a 

𝐴𝐷𝑉𝐴𝐴𝐷𝐽𝑡 Calibration factor for total factor productivity growth (t-specific) 

𝐴𝐷𝑋𝑎,𝑡 Shift parameter for 𝐶𝐸𝑆 production functions for activity’s output equation   

𝐴𝐷𝑋𝐴𝐷𝐽𝑡 Scaling factor for shift parameter on 𝐶𝐸𝑆 functions for activity’s output equation   

𝐴𝐾𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,ℎ,𝑡 Total enrolment at acknowledged education by cycle c and household h 

𝐴𝑊𝐹𝑓,𝑡 Average capital rental rate 

𝐶𝐴𝑃𝑊𝑂𝑅𝑡 Current account 

𝐶𝑃𝐼𝑡  Consumer price index                                                                                     

𝐷𝐴𝐷𝑋𝑡 Partial scaling factor for shift parameter on 𝐶𝐸𝑆 functions for activity’s output 
equation   

𝐷𝐾𝐴𝑃𝑓,𝑎,𝑡 Quantity of new capital by sector 

𝐷𝑇𝐴𝑋𝑡 Direct Income tax revenue 

𝐷𝑇𝐸𝑡 Partial export tax rate scaling factor                                                                   

𝐷𝑇𝐸𝑋𝑡 Partial excise tax rate scaling factor                                                                   

𝐷𝑇𝐹𝑡 Uniform adjustment to factor-use tax by activity                                                         

𝐷𝑇𝑀𝑡  Partial import tax rate scaling factor                                                                   

𝐷𝑇𝑄𝑆𝑡  Partial quantity sales tax rate scaling factor                                                           

𝐷𝑇𝑆𝑡  Partial sale tax rate scaling factor                                                                    

𝐷𝑇𝑉𝑡 Partial value-added tax rate scaling factor                                                              

𝐷𝑇𝑋𝑡 Partial indirect tax rate scaling factor                                                                 

𝐷𝑇𝑌𝑡  Partial direct tax on household and enterprise rate scaling factor                                          

𝐷𝑇𝑌𝐸𝑡 Partial direct tax on enterprise rate scaling factor                                                     

𝐷𝑇𝑌𝐹𝑡 Partial direct tax on factor rate scaling factor                                                         

𝐷𝑇𝑌𝐻𝑡  Partial direct tax on household rate scaling factor                                               

𝐷𝑅𝑂𝑃𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 Dropouts who decide to enter agricultural vocational training system                                      

𝐷𝑅𝑂𝑃𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 Dropouts who decide to quit the acknowledged education system and enter the 
job market                     

𝐷𝑅𝑂𝑃𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 Dropouts who decide to quit the acknowledged education system and not NEET                 

𝐷𝑅𝑂𝑃𝑁𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  Dropouts who decide to enter non-agricultural vocational training system                                      

𝐷𝑅𝑂𝑃𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 Dropouts who decide to quit the acknowledged education system and not search 
for a job                     

𝐷𝑅𝑂𝑃𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 Dropouts who decide to enter vocational training system                                      



Chapter 9 

269 

𝐷𝑆𝑡 Partial household and enterprise savings rate scaling factor 

𝐷𝑆𝐸𝑁𝑡 Partial enterprise savings rate scaling factor 

𝐷𝑆𝐻𝐻𝑡  Partial household savings rate scaling factor                                             

𝐸𝐷𝑈𝑄𝑈𝐴𝐿𝑐,𝑡 Educational quality in cycle c                                                                           

𝐸𝐺𝑡 Government expenditure                                                                                   

𝐸𝐺𝐴𝐷𝐽𝑡 Government transfers to enterprise scaling factor  

𝐸𝑁𝑅𝑂𝐿𝑐,𝑔𝑟𝑑,𝑡 Enrollment by cycle c and grade g                                                                  

𝐸𝑁𝑇𝐺𝑂𝑉𝑒,𝑡 Transfers to enterprise e from government 

𝐸𝑁𝑇𝑊𝑂𝑅𝑒,𝑡 Transfers to enterprise e from row (constant in foreign currency) 

𝐸𝑅𝑡  Real exchange rate (domestic per world unit)                                                       

𝐸𝐺𝐴𝐷𝐽,𝑡 Government transfer to enterprise scaling factor  

𝐸𝑇𝐴𝑋𝑡 Export tax revenue                                                                                       

𝐸𝑋𝑇𝐴𝑋𝑡 Excise tax revenue                                                                                       

𝐹𝐴𝐶𝑇𝑊𝑂𝑅𝑓,𝑡 Factor payments from the rest of the world (in foreign currency) 

𝐹𝐷𝑓𝑓,𝑎,𝑡 Demand for factor f by activity a                                                                        

𝐹𝑇𝐴𝑋𝑡 Factor-use tax revenue                                                                                   

𝐹𝑌𝑇𝐴𝑋𝑡 Factor income tax revenue                                                                                

𝐸𝑋𝑇𝐺𝑅𝐷𝑠𝑎𝑐,𝑐,𝑔𝑟𝑑,𝑡 Exiting graduate from educational cycles who having different choices 

𝐺𝐷𝑃𝑁𝑂𝑀𝑡 Nominal 𝐺𝐷𝑃 at market prices                                                                             

𝐺𝐷𝑃𝑁𝑂𝑀𝐴𝑆𝐻𝑅𝑡 Share of nominal 𝐺𝐷𝑃 at market prices for activity sac                                                   

𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝑡 Real GDP at basic prices 

𝐺𝐷𝑃𝑅𝐸𝐴𝐿𝐹𝐶𝑡 GDP at cost factor 

𝐺𝑂𝑉𝑊𝑂𝑅𝑡 Transfers to government from the rest of the world (in foreign currency) 

𝐺𝑅𝐷𝑆𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  Exiting graduates who decide to enter agricultural vocational training system                                      

𝐺𝑅𝐷𝑆𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡 Exiting graduates who decide to quit the acknowledged education system and 
enter the job market                     

𝐺𝑅𝐷𝑆𝑁𝐸𝐸𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  Exiting graduates who decide to quit the acknowledged education system and 
NEET                 

𝐺𝑅𝐷𝑆𝑁𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 Exiting graduates who decide to enter non-agricultural vocational training 
system                                      

𝐺𝑅𝐷𝑆𝑁𝐿𝐴𝐵𝑐,𝑔𝑟𝑑,ℎ,𝑡  Exiting graduates who decide to quit the acknowledged education system and not 
search for a job 

𝐺𝑅𝐷𝑆𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡  Exiting graduates who decide to enter vocational training system                                      

𝐺𝑊𝐴𝐷𝐽𝑡 Foreign transfer to government scaling factor 

𝐺𝑂𝑉𝑊𝐴𝑅𝑡 Foreign transfer to government (in foreign currency) 

𝐻𝐺𝐴𝐷𝐽𝑡 Government transfers to households scaling factor  

𝐻𝑂𝐻𝑂ℎ,ℎ𝑝,𝑡  Inter household transfer  
𝐻𝑂𝐸𝑁𝑇ℎ,𝑒,𝑡  Transfers from enterprise e to household h        
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𝐻𝑂𝐺𝑂𝑉ℎ,𝑡  Per capita transfers to household h from government   

𝐻𝑂𝑊𝑂𝑅ℎ,𝑡 Per capita transfers to households from the rest of the world (constant in foreign 
currency)   

𝐼𝑁𝑆𝑆𝐴𝑉𝑖𝑛𝑠,𝑡  Savings of domestic non-government institution 

𝐼𝑁𝑉𝐸𝑆𝑇𝐺𝐷𝑃𝑡 GDP share of total investment expenditure 

𝐼𝑂𝑄𝑋𝐴𝐶𝑄𝑋𝑎,𝑐,𝑡  Share of commodity c in output by activity a                                                

𝐼𝐴𝐷𝐽𝑡    Investment scaling factor 

𝐼𝑁𝑉𝐸𝑆𝑇𝑡  Total investment expenditure 

𝐼𝑇𝐴𝑋𝑡  Indirect tax revenue                                                                                     

𝐾𝐴𝑃𝐺𝑂𝑉𝑡 Government savings                                                                                       
𝐾𝑇𝑅𝑁𝑆𝐹𝑅𝑖𝑛𝑠,𝑖𝑛𝑠𝑝,𝑡 Capital transfer from institution ins to institution ins                                                
𝐿𝐴𝐵𝑃𝐴𝑅𝑇𝑅𝐴𝑇𝑡  Ratio lab force to pop in lab force age (excl. Those in school)                              
𝐿𝐴𝐵𝑂𝑅𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 Low educated labor who chooses to enter the agricultural vocational training 

system 
𝐿𝐴𝐵𝑂𝑅𝑁𝐴𝐺𝑅𝑉𝑇𝑐,𝑔𝑟𝑑,ℎ,𝑡 Low educated labor who chooses to enter the non-agricultural vocational 

training system 
𝐿𝐴𝐵𝑂𝑅𝑉𝑇ℎ,𝑡    Low educated labor who chooses to enter the vocational training system 

𝑀𝑇𝐴𝑋𝑡 Tariff revenue                                                                                           
𝑁𝐸𝑊𝐺𝑅𝐷𝑐,𝑔,𝑡 Primary graduates who choose to join the secondary levels                 
𝑃𝐷𝑐,𝑡  Consumer price for domestic supply of commodity c                                                        
𝑃𝐸𝑐,𝑡  Domestic price of exports by activity a                                                                  
𝑃𝐼𝑁𝑇𝑐,𝑡 Price of aggregate intermediate input                                                                    
𝑃𝐾𝑓,𝑡 Price of new capital stock f                                                                             
𝑃𝑀𝑐,𝑡 Domestic price of competitive imports c                                                                  
𝑃𝑃𝐼𝑡 Producer (domestic) price index                                                                          
𝑃𝑅𝑀𝐺𝑅𝐷𝑇𝑉𝐸ℎ,𝑡 Primary graduates who pursue their education at secondary level 
𝑃𝑄𝐷𝑐,𝑡  Purchaser price of composite commodity c                                                                 
𝑃𝑄𝑆𝑐,𝑡 Supply price of composite commodity c                                                                    
𝑃𝑇𝑇𝑚,𝑡 Price of trade and transport margin m                                                                    
𝑃𝑉𝐴𝑎,𝑡 Value added price for activity a                                                                         
𝑃𝑉𝐴𝐴𝑉𝐺𝑡 Average value-added price                                                                                
𝑃𝑊𝐸𝑐,𝑡 World price of exports in dollars                                                                        
𝑃𝑊𝑀𝑐,𝑡 World price of imports in dollars                                                                        
𝑃𝑋𝑎,𝑡 Composite price of output by activity a                                                                  
𝑃𝑋𝐴𝐶𝑎,𝑐,𝑡 Activity commodity prices                                                                                
𝑃𝑋𝐶𝑐,𝑡 Producer price of composite domestic output                                                              
𝑄𝐶𝐷𝑃𝐶𝑡  Aggregate real household consumption per cap                                                             
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𝑄𝐶𝐷𝑐,ℎ,𝑡 Household consumption by commodity c                                                                     

𝑄𝐷𝑐,𝑡               Domestic demand for commodity c                                                                          

𝑄𝐸𝑐,𝑡  Domestic output exported by commodity c                                                                  

𝑄𝐸𝐷𝑐,𝑒,𝑡  Enterprise consumption by commodity c                                                                    

𝑄𝐸𝐷𝐴𝐷𝐽𝑡 Enterprise demand volume scaling factor                                                                  

𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 Real endowment of factor f for institution ins 

𝑄𝐹𝑆𝐶𝐴𝐿𝑓,𝑡 Scaling factor for constraint on total endowment of factor f 

𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽𝑡  Adjustment factor for labor force participation rate targeting                                                   

𝑄𝐹𝐿𝐴𝐵𝐴𝐷𝐽2𝑡  Adjustment factor for labor force participation rate targeting (labpartrat is fixed)                    

𝑄𝐺𝐷𝑐,𝑡              Government consumption demand by commodity c                                                             

𝑄𝐺𝐷𝐴𝐷𝐽𝑡 Government consumption demand scaling factor 

𝑄𝐼𝑁𝑇𝑎,𝑡       Aggregate quantity of intermediates used by activity a                                                   

𝑄𝐼𝑁𝑇𝐷𝑐,𝑡           Demand for intermediate inputs by commodity                                                              

𝑄𝐼𝑁𝑉𝐷𝑐,𝑡  Quantity of fixed investment demand for commodity c                                                      

𝑄𝑀𝑐,𝑡  Imports of commodity c                                                                                   

𝑄𝑄𝑐,𝑡  Supply of composite commodity c                                                                          

𝑄𝑆𝑇𝐴𝑋𝑡             Quantity sales tax revenue                                                                               

𝑄𝑇𝑇𝑚,𝑡  Quantity of trade and transport margin m                                                                 

𝑄𝑇𝑇𝐷𝑐,𝑡              Intermediate input use for trade and transport margin m                                                  

𝑄𝑉𝐴𝑎,𝑡  Quantity of aggregate value added for level 1 production                                                 

𝑄𝑋𝑎,𝑡 Domestic production by activity a                                                                        

𝑄𝑋𝐴𝐶𝑎,𝑐,𝑡 Domestic commodity output by each activity                                                               

𝑄𝑋𝐶𝑐,𝑡 Domestic production by commodity c                                                                       

𝑆𝐸𝑁𝑒,𝑡  Savings rate for enterprise e                                                                            

𝑆𝐴𝐷𝐽𝑡 Savings rate scaling factor for both households and enterprises                                          

𝑆𝐸𝐴𝐷𝐽𝑡 Savings rate scaling factor for enterprises                                                              

𝑆𝐻𝐴𝐷𝐽𝑡  Savings rate scaling factor for households                                                               

𝑆𝐻𝐻ℎ,𝑡  Savings rate for household h                                                                             

𝑆𝐻𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡 Share of institution ins in income of factor f                                                           

𝑆𝐻𝑅𝐶𝐴𝑃𝑓,𝑎,𝑡  Sector share of new capital 

𝑆𝐻𝑅_𝐸𝐷𝑈𝑏,𝑐,ℎ,𝑡  Share of students in cycle c with behavior b and household h 

𝑆𝑇𝐴𝑋𝑡  Sales tax revenue                                                                                        

𝑇𝐸𝑐,𝑡  Export tax rate                                                                          

𝑇𝐸𝐴𝐷𝐽𝑡 Export tax rate scaling factor                                                                   

𝑇𝐸𝑋𝑐,𝑡  Excise tax rates                                                                                         
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𝑇𝐸𝑋𝐴𝐷𝐽𝑡 Excise tax rate scaling factor                                                                           

𝑇𝐹𝑓,𝑎,𝑡  Factor-use tax rate                                                                                      

𝑇𝑀𝑐,𝑡                Tariff rates                                                                                             

𝑇𝑀𝐴𝐷𝐽𝑡 Import duty Scaling Factor                                                                               

𝑇𝑂𝑇𝐸𝑁𝑅𝑂𝐿ℎ,𝑡 Total enrolment by households 

𝑇𝑂𝑇𝐷𝑅𝑂𝑃𝑐,𝑔,𝑡       Total dropouts per cycle c and grade g                                                  

𝑇𝑂𝑇𝐺𝑅𝐷𝑆𝑐,𝑔,𝑡       Total exiting graduates per cycle and grade g                                              

𝑇𝑂𝑇𝑁𝐸𝑊𝐺𝑅𝐷ℎ,𝑡 Newly enrolled in secondary education by household h                                                          

𝑇𝑂𝑇𝑆𝐴𝑉𝑡              Total savings                                                                                            

𝑇𝑄𝑆𝑐,𝑡  Quantity sales tax rates                                                                                 

𝑇𝑄𝑆𝐴𝐷𝐽𝑡          Quantity sales tax rate scaling factor                                                                   

𝑇𝑅𝐷𝐺𝐷𝑃𝑡 Share of foreign trade in real GDP   

𝑇𝑆𝑐,𝑡              Sales tax rates                                                                                          

𝑇𝑆𝐴𝐷𝐽𝑡               Sales tax rate scaling factor                                                                            

𝑇𝑉𝑐,𝑡            Value-added tax rates                                                                                    

𝑇𝑉𝐴𝐷𝐽𝑡               Value added tax rate scaling factor                                                                      

𝑇𝑋𝑎,𝑡  Indirect tax rate on activity a                                                                          

𝑇𝑋𝐴𝐷𝐽𝑡 Indirect Tax Scaling Factor                                                                              

𝑇𝐹𝐴𝐷𝐽𝑡 Factor Use Tax Scaling Factor                                                                            

𝑇𝑌𝐴𝐷𝐽𝑡 Household and Enterprise Income Tax Scaling Factor                                                       

𝑇𝑌𝐹𝑓,𝑡  Factor Income tax rate                                                                                   

𝑇𝑌𝐹𝐴𝐷𝐽𝑡 Factor Tax Scaling Factor                                                                                

𝑇𝑌𝐸𝑒,𝑡  Direct tax rate on enterprises                                                                           

𝑇𝑌𝐸𝐴𝐷𝐽𝑡 Enterprise income tax Scaling Factor                                                                     

𝑇𝑌𝐻ℎ,𝑡  Direct tax rate on household h                                                                           

𝑇𝑌𝐻𝐴𝐷𝐽𝑡 Household Income Tax Scaling Factor                                                                      

𝑈𝑁𝐸𝑀𝑃𝑓,𝑡  Unemployment rate (out of factor stock defined by 𝑄𝐹𝐼𝑁𝑆𝑖𝑛𝑠,𝑓,𝑡)                                               
𝑉𝐺𝐷𝑡 Value of government consumption  

𝑉𝐺𝐷𝐴𝐵𝑆𝑡 Value of government consumption share in absorption  

𝑉𝐺𝐷𝐺𝐷𝑃𝑡 GDP share of value of government consumption  

𝑉𝑄𝐸𝐷𝑡 Value of enterprise consumption  

𝑉𝑄𝐸𝐷𝐴𝐵𝑆𝑡 Value of enterprise consumption share in absorption   

𝑉𝑄𝐸𝐷𝐺𝐷𝑃𝑡 GDP share of value of enterprise consumption  

𝑉𝑇𝐴𝑋𝑡 Value added tax revenue 

𝑉𝑇𝐸𝑁𝑅𝑂𝐿𝑐,𝑔,ℎ,𝑡  Total enrolment at vocational training by cycle c and household h 
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𝑊𝐴𝐿𝑅𝐴𝑆𝑡  Economywide (current account) imbalance (should be zero)                                           

𝑊𝐹𝑓𝑓,𝑡 Economy-wide wage (rent) for factor f                                                                     

𝑊𝐹𝐷𝐼𝑆𝑇𝑓𝑓,𝑎,𝑡 Wage distortion of factor f in act a relative to economy-wide wage of f (WF)                         

𝑊𝐹𝑅𝐸𝑆𝑓,𝑡  Reservation wage for factor f (if f has endogenous unemployment                               

𝑌𝐸𝑒,𝑡            Income to enterprise e                                                                                   

𝑌𝐺𝑡 Government income                                                                                        

𝑌𝐹𝑓,𝑡 Income to factor f                                                                                       

𝑌𝐹𝐷𝐼𝑆𝑃𝑓,𝑡 Factor income for distribution after depreciation                                                        

𝑌𝐹𝐼𝑁𝑆𝑖𝑛𝑠𝑓,𝑡 Income of institution ins from factor f                                                                  

𝑌𝐹𝑊𝑂𝑅𝑓,𝑡 Foreign factor income                                                                                    

𝑌𝐻ℎ,𝑡 Income to household h                                                                                    

𝑌𝐻𝐸𝑋𝑃ℎ,𝑡  Household consumption expenditure                                                                      

𝑍_𝐸𝐷𝑈𝑏,𝑐,𝑡 Intermediate variable for educational outcome behavior                             
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Appendix A: Sale tax rate (%) and payments (SDG billions) by a commodity and services 

 Sale tax payment 
(billion SDG) % GDP Sale tax rate 

Agriculture 1.57 0.23 0.55 
Industry 12.64 1.85 5.46 
Private services 7.08 1.03 3.49 
Transport services 6.77 0.99 5.25 
Total 28.06 4.10 - 

Source: Author's calculations based on the 2016 SAM for the Sudan. 

 

Appendix B: Income tax rate (%) and payments (SDG billions) by an institution 

  
Income tax payment (million 

SDG) % GDP Income tax 
rate 

Urban households in quintile 1 0.08 0.01 0.46 
Urban households in quintile 2 0.15 0.02 0.60 
Urban households in quintile 3 0.23 0.03 0.73 
Urban households in quintile 4 0.44 0.06 0.64 
Urban households in quintile 5 1.03 0.15 0.98 
Rural households in quintile 1 0.23 0.03 0.55 
Rural households in quintile 2 0.34 0.05 0.56 
Rural households in quintile 3 0.35 0.05 0.59 
Rural households in quintile 4 0.48 0.07 0.59 
Rural households in quintile 5 0.59 0.09 0.65 

Total households 3.91 0.57 0.76 
Enterprises 2.28 0.33 0.81 

Total 6.19 0.90 - 

Source: Author's calculations based on the 2016 SAM for the Sudan. 
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Appendix C (Chapter 7): Initial value (SDG million) and cumulative annual growth rate (%) of 

macroeconomic indicators in the baseline scenario 

 Total in the initial 
year (SDG billion) 

Cumulative annual 
growth rate (%) 

(2016 -2050) 

% GDP,  
2016 

Real private consumption  505.51 4.48 73.79 

Real government consumption  63.38 4.35 9.25 

Real GFCF 142.34 4.92 20.78 

Real absorption 715.39 4.56 104.43 

Real GDP from expenditure side 675.83 4.66 100.00 

Real imports 54.25 3.83 7.92 

Real exports 18.86 5.96 2.75 

Exchange rate 1.00 -0.05 0.00 

Trade balance  26.21 0.00 3.83 

Gross outputs 958.86 4.57 139.98 

Agriculture  282.37 3.59 41.22 

Industry  201.22 5.25 29.37 

Private services  198.63 5.05 29.00 

Transport services 120.29 4.56 17.56 

Acknowledged education 33.56 4.62 4.90 

Vocational training 3.26 5.39 0.48 

Agricultural VET 4.24 5.19 0.62 

Other government services 117.26 4.36 17.12 

Returns to labor services  262.17 4.77 38.27 

GOS 384.16 4.20 56.08 

Land income 4.72 3.45 0.69 

Household income 578.78 4.45 84.49 

Enterprise income 326.83 4.20 47.71 

Government income 57.20 4.80 8.35 

Domestic savings 96.06 4.33 21.39 

Household savings 64.36 5.27 9.39 

Enterprise savings 43.04 4.20 6.28 

Government savings -11.34 0.00 -1.66 

External balance 50.44 1.61 7.36 

Source: Author's calculations based on simulation results. 
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Appendix D (Chapter 7): Initial number (thousand persons) and cumulative annual growth rate (%) of enrollment, dropout, and graduation for education and training 

cycles in the baseline scenario 

 
Enrollment by 

cycle 
(thousand 
persons) 

Cumulative 
annual growth 

rate 

Dropouts 
(thousand 
persons) 

Cumulative annual 
growth rate 

Graduates 
(thousand 
persons) 

Cumulative annual 
growth rate 

Primary education 4,762.21 1.27 1,181.03 -3.21 1,278.98 -2.57 

Secondary non-VE 1,633.71 -0.96 457.44 -6.63 813.13 -2.35 

Secondary agricultural VE 122.43 -0.83 34.28 -8.04 137.36 -1.51 

Secondary non-agricultural VE 170.46 0.55 47.73 -7.27 49.13 -1.30 

Tertiary education 423.01 3.08 126.90 -2.53 68.39 2.04 

Agricultural vocational training 20.15 2.91 4.30 1.16 13.57 3.61 

Non-agricultural vocational training 28.05 8.94 5.98 10.35 19.74 8.58 

Total 7,160.02 14.96 1,857.66 -16.17 2,380.30 6.50 

Source: Author's calculations based on simulation results. 
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Appendix E (Chapter 7): Initial quantity (thousand persons) and cumulative annual growth rate (%) of 

different labor categories in the baseline scenario 

  Labor supply %total labor 
force 

Cumulative 
annual 

growth rate 
Primary educated labor 3,140.85 33.98 1.12 

Secondary non-vocationally educated labor 1,612.96 17.45 -0.68 

Secondary agricultural vocationally educated labor 84.04 0.91 2.86 

Secondary non-agricultural vocationally educated 
labor 

117.26 1.27 -0.42 

Tertiary educated labor 761.38 8.24 3.97 

Agricultural vocationally trained labor 50.66 0.55 6.68 

Non-agricultural vocationally trained labor 71.53 0.77 12.25 

Uneducated and untrained labor 3,405.57 36.84 0.95 

Total 9,244.25 100.00 1.95 

Source: Author's calculations based on simulation results. 

Appendix F (Chapter 7): Value-added tax rate (%) and payments (SDG millions) by a service 
 

Value-added tax 
payment in initial 
year (billion SDG) 

%GDP Value-added 
tax 

Primary education 1.21 0.18 16.28 

Secondary non-VE 1.01 0.15 16.28 

Tertiary education 1.53 0.22 16.28 

Agricultural secondary VE 0.23 0.03 16.28 

Non-agricultural secondary VE 0.43 0.06 16.28 

Agricultural VT 0.21 0.03 16.28 

Non-agricultural VT 0.39 0.06 16.28 

Health 4.02 0.59 17.27 

Total 9.05 1.32 - 

Source: Author’s calculations based on the 2016 SAM for the Sudan. 
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Appendix G (Chapter 7): Impacts on dropouts from education and training system between 2021 and 2050, percentage changes compared to the baseline scenario 

  

Initial value in the base 
year  

(thousand persons) 

 agriVET  agriSector 

   
Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

    (%) (%) (%)  (%) (%) (%) 

Primary education  1,181.03  -11.22 -3.40 -1.38  -7.22 -2.03 -0.8 

Secondary non-VE  457.44  1.67 4.25 1.98  1.60 3.00 1.4 

Tertiary education  82.01  4.42 7.88 4.48  3.20 5.25 3.0 

Secondary agricultural VE  126.90  -0.79 2.41 1.15  1.41 2.36 1.1 

Secondary non-agricultural VE  10.28  9.36 7.15 2.90  1.47 2.10 0.9 

Agricultural VT  4.30  -4.18 3.04 1.15  0.31 -0.35 -0.2 

Non-agricultural VT  5.98  -3.16 -2.16 -0.54  -1.98 -1.25 -0.3 

Total  1,867.94  -5.02 -1.67 -0.52  -3.11 -0.99 -0.3 

Short-run: 2021-2025; medium-run; 2021-2031; Long-run: 2021-2050 

Source: Author’s calculations based on simulation results.  
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Appendix H (Chapter 7): Impacts on graduates from education and training outputs between 2021 and 2050, percentage changes compared to the baseline scenario 

  
Initial value in the 

base year  
(thousand persons) 

 agriVET  agriSector 

   
Short 
-run 

Medium 
-run 

Long 
-run 

 Short 
-run 

Medium 
-run 

Long 
-run 

    (%) (%) (%)  (%) (%) (%) 

Primary education  1,278.98  6.58 8.60 2.70  4.28 5.61 1.76 

Secondary non-VE  813.13  -2.24 3.42 2.03  -0.02 3.00 1.56 

Tertiary education  117.53  -0.99 -0.37 1.59  -0.65 -0.20 1.06 

Secondary agricultural VE  26.84  25.09 20.67 5.96  0.46 3.54 1.50 

Secondary non-agricultural VE  110.52  3.20 5.96 2.67  0.54 3.26 1.39 

Agricultural VT  5.54  14.24 8.31 2.65  -1.09 -0.53 0.10 

Non-agricultural VT  27.82  -1.68 -0.85 0.00  -1.15 -0.54 0.02 

Total  2,413.72  1.41 3.60 1.81  0.67 2.20 1.15 

Short-run: 2021-2025; medium-run; 2021-2031; Long-run: 2021-2050 

Source: Author’s calculations based on simulation results. 
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Appendix I (Chapter 7): Impacts on factor prices between 2021 and 2050, percentage change compared to the baseline scenario. 

    
Value in the 

initial year (SDG 
million) 

  agriVET  agriSector 

      
Short 
-run 

Medium 
-run 

Long 
-run 

 
Short 
-run 

Medium 
-run 

Long 
-run 

   (%) (%) (%)  (%) (%) (%) 

Tertiary educated labor  164.25  8.76 4.37 0.33  4.24 2.14 -0.04 

Secondary non-vocationally educated labor  47.95  1.43 0.32 -0.02  1.23 0.27 -0.04 

Secondary agricultural vocationally educated labor  41.96  -0.02 -1.14 -1.31  0.88 -0.07 -0.53 

Secondary non-agricultural vocationally educated labor  43.52  2.76 0.95 0.21  1.84 0.61 0.11 

Agricultural vocationally trained labor  36.68  -1.20 -2.95 -1.98  1.04 0.34 -0.05 

Non-agricultural vocationally trained labor  39.27  2.58 1.30 0.41  1.76 0.81 0.21 

Primary educated labor  8.28  0.35 0.11 0.25  0.90 0.30 0.19 

Uneducated labor  6.37  0.44 0.21 0.39  0.97 0.39 0.30 

Capital  15.31  0.95 0.60 0.26  0.82 0.45 0.16 

Land  9.59  -0.24 -0.10 0.16  0.89 0.38 0.25 

Short-run: 2021-2025, medium-run; 2021-2031, long-run: 2021-2050 

Source: Author’s calculations based on simulation results. 
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