Public Policies for Human
Development

Achieving the Millennium Development
Goals in Latin America

Edited By
Marco V. Sanchez
Rob Vos

Enrigue Ganuza
Hans Lofgren

and

Carolina Diaz-Bonilla

In Association with
UNDP
_ UN-DESA
macmillan The World Bank



© UNOPS 2010

The views expressed in this work do not necessarily reflect the views
of the United Nations.

All rights reserved. No reproduction, copy or transmission of this
publication may be made without written permission.

No portion of this publication may be reproduced, copied or transmitted
save with written permission or in accordance with the provisions of the
Copyright, Designs and Patents Act 1988, or under the terms of any licence
permitting limited copying issued by the Copyright Licensing Agency,
Saffron House, 6-10 Kirby Street, London EC1N 8TS.

Any person who does any unauthorized act in relation to this publication
may be liable to criminal prosecution and civil claims for damages.

The authors have asserted their rights to be identified
as the authors of this work in accordance with the Copyright, Designs
and Patents Act 1988.

First published 2010 by
PALCRAVE MACMILLAN

Palgrave Macmillan in the UK is an imprint of Macmillan Publishers Limited,
registered in England, company number 785998, of Houndmills, Basingstoke,
Hampshire RG21 6XS.

Palgrave Macmillan in the US is a division of St Martin’s Press LLC,
175 Fifth Avenue, New York, NY 10010.

Palgrave Macmillan is the global academic imprint of the above companies
and has companies and representatives throughout the world.

Palgrave® and Macmillan® are registered trademarks in the United States,
the United Kingdom, Europe and other countries

ISBN 978-0-230-24776-5 hardback

This book is printed on paper suitable for recycling and made from fully
managed and sustained forest sources. Logging, pulping and manufacturing
processes are expected to conform to the environmental regulations of the
country of origin.

A catalogue record for this book is available from the British Library.
A catalog record for this book is available from the Library of Congress.

100 9 8 7 6 5 4 3 2 1
19 18 17 16 15 14 13 12 11 10

Printed and bound in Great Britain by
CPI Antony Rowe, Chippenham and Eastbourne



Contents

Preface

About the editors

About other contributors

1

10

Overview
RobVos, Marco VYanchez and Enrique

Latin America and the Caribbean's challenge to
reach the MDGs: financing options and trade-offs
Rob Vos, Marco ¥anchez and Cornelia

MAMS: aneconomy-wide model for analysis of MDG country
strategies—an application to Latin America and the Caribbean
Hans Lofgren and Carolina Diaz-Bonilla

Argentina

Martin Cicowiez,Luciano Di
Bolivia

Wilson Jiménez, Mima Marisca! and Gustavo

Chile
Raul O RaGrsJ. de Miguel and Camilo Lagos

Costa Rica
Marco V. Sanchez

Ecuador
Mauricio Ledn, José Rosero and Rob Vos

Honduras
Maurizio BekmiDenis Medvedev

Mexico
AadiQtegpand Miguel Szekely

Nicaragua
Marco ¥anchez and Rob Vos

Peru
Juan F. Castro and Gustavo Yantada

Index

Xi

Xiv

17

127

159

213

245

279

307

329

365

387



VI

Public Policiesfor Human Development

List of tables and figures

Tables

21 Public debt-to-GDP ratio and debt sustainability in
Latin America and the Caribbean, 1990-2006

2.2 Achievement of MDGs by 2015 under the BAU scenario in
Latin America and the Caribbean

2.3 Required additional MDG-related public spending for achieving
all MDGs simultaneously under alternative financing scenarios
in Latin America and the Caribbean, 2000-2015

2.4 MDG financing strategies and required increases in tax or
public debt burdens in Latin America and the Caribbean

2.5 “Feasible” financing strategies for the achievement of the
MDGs in Latin America and the Caribbean

2.6 Labour market, inequality and poverty indicators

31  Stylized Macro SAM for MAMS

3.2 Accounts and cell entries in Stylized Macro SAM for MAMS

3.3 Determinants of non-poverty MDGs

41  Argentina: key macroeconomic indicators, 1980-2004

4.2  Argentina: poverty incidence according to different poverty lines,
1992-2004

4.3 Argentina: trends and targets of the MDG indicators

4.4  Argentina: results of the probit model estimated for
primary school enrolment at mandatory age

4.5 Argentina: results of the probit model estimated for
primary school completion

4.6  Argentina: results of the probit model estimated for
secondary school completion

4.7  Argentina: results of the probit model estimated for
higher education completion

4.8 Argentina: determinants of infant mortality

49 Argentina: main results of policy simulations, 2003-2015

51 Bolivia: main macroeconomic indicators, 1985-2006

5.2  Bolivia: indicators for monitoring MDGs and goals for 2015

53 Bolivia: Annual additional public spending required to meet the
MDGs separately, under different financing scenarios, 2000-2015

54  Bolivia: additional public spending required annually in order

to achieve MDGs for education, health, water and sanitation,
simultaneously, under different financing scenarios, 2000-2015

27

36

40
44
48
50
77
79
92
130

132

138
140
141
142
143
145
161
164

173

174



5.5

5.6

6.1

6.2

6.3

6.4
6.5

6.6

6.7

71

7.2

7.3

74

81

8.2

8.3

8.4

8.5

91

9.2

9.3

94

95
9.6

List ofta

Bolivia: results of the microsimulations in the baseline

and all MDGs scenarios, 2000-2015

Bolivia: rate of growth in employment and labour income by
type of worker in the baseline scenario and all MDGs scenarios
under different forms of financing, 2000-2015

Chile: change in public social spending

Chile: change in indicators associated with the MDGs and
targets to be reached by 2015

Chile: initial value and annual growth rate of key macroeconomic
aggregates in two baseline scenarios, 2003-2015

Chile: achieving the MDGs in the two baseline scenarios

Chile: structure of factor incomes in the base year and in

2015 in the moderate baseline and MDG 2 scenarios

Chile: progress towards the MDGs by 2015 under different
baseline assumptions for economic growth

Chile: poverty and income distribution in the base year and

in 2015 in the baseline scenarios

Costa Rica: indicators of production, employment,

external sector and public finances, 1985-2005

Costa Rica: public social spending by sector as a

percentage of GDP. 1987-2004

Costa Rica: progress towards the MDGs, 1990-2005

and targets for 2015

Costa Rica: public spending on MDG-related services

in the baseline and MDG scenarios, 2002-2015

Ecuador: Economic growth by sector. 1994-2004

Ecuador: Elasticities of the MDG module of MAMS

Ecuador: MDG achievement in the baseline scenario. 2001-2015
Ecuador: Simulated additional costs for achieving the MDGs
separately and simultaneously, at the end of the period simulated
and average for period as a whole

Ecuador: Selected macroeconomic results of some scenarios
simulated with MAMS, 2001-2015

Honduras: Macroeconomic performance, 1980-2004
Honduras: Progress towards the MDGs

Honduras: Estimates of required infrastructure and
MDG-related expenditures

Honduras: The structure of social spending on

MDG-related services, 2004

Honduras: Macro variables in the baseline scenario, 2004-2015
Honduras: MDG achievement in the baseline scenario, 2004-2015

vii

176

177

189

190

196
199

201

202

204

216

218

219

230

247

252

260

266

268

281

282

285

286

289
291



viii

9.7

9.8

9.9

9.10

o1

9.12

9.13

9.14

9.15

101

10.2

10.3

104

1n1

112

11.3

114

115

121

12.2

12.3

12.4

Public Policiesfor Human Development

Honduras: Labour market dynamics in the baseline scenario,
2004-2015

Honduras: Trajectory towards the MDGs and government
spending in the MDG scenario, 2004-2015

Honduras: Labour market dynamics in the MDG scenario,
2004-2015

Honduras: Macroeconomic performance under the

MDG scenario, 2004-2015

Honduras: MDG performance and government spending
when targeting MDG 7a-b only, 2004-2015

Honduras: MDG achievement and government spending when
targeting MDGs 4-5 only, 2004-2015

Honduras: MDG performance and government spending when
targeting MDG 2 only, 2004-2015

Honduras: Macroeconomic performance when scaled-up
MDG spending is financed by domestic taxes, 2004-2015
Honduras: Macroeconomic performance when scaled-up
MDG spending is financed by domestic borrowing,2004-2015
Mexico: Overview of socio-economic indicators for the
1984-2004 period

Mexico: Executed public sector budget by programmes,
2004-2006

Mexico: Inequality and poverty indicators, 1984-2004
Mexico: Required government spending in the baseline
scenario and the MDGs 4&S5 scenarios with domestic
resource mobilization, 2003-2015

Nicaragua: Macroeconomic indicators, 1990-2005
Nicaragua: Public spending earmarked to the poverty reduction
strategy (PRS) and its financing, 2002-2007

Nicaragua: Poverty indicators, 1993-2005 and target for2015
Nicaragua: MDG indicators, 1990-2004 and target for 2015
Nicaragua: Additional public spending per year required to attain
the MDGs simultaneously or individually under alternative
Peru: Indicators for evaluating the MDGs (1991 and 2004)
and targets for 2015

Peru: Real GDP, primary components of spending and
savings-investment gaps in the baseline scenario, 2004-2015
Peru: MDG indicators in baseline scenarios and scenarios
targeting one or two MDGs at a time only, 2004-2015

Peru: Required public spending to achieve the MDGs

under alternative financing scenarios, 2004-2015

292

293

295

295

298

299

300

302

302

310

31

313

321

332

336

337

339

3b1

368

371

374

375



List offigures IX

125 Peru: Summary of macroeconomic results in selected

simulated scenarios 377
126  Peru: Summary of microsimulation results in base year

and tax-financed MDG scenario 379
Figures

11 Progress towards the MDGs in East Asia and Latin America
and the Caribbean, 1990-2005 2
.1 Progress towards the MDGs in Latin America and the Caribbeana 19
.2 Average tax revenues of central Governments in Latin America
and the Caribbean and selected other countries and country

groups, around 2005 24
2.3 Net employment and GDP growth in Latin America
and the Caribbean, 1991-2006 30

2.4 Annual average difference of the RER and the export-to-GDP

ratio under the “feasible™ MDGs nancing scenario relative to

the BAU scenario in Latin America and the Caribbean 46
2.5 Employment-output nexus under the BAU scenario and

the “feasible” MDG nancing scenarios in Latin America

and the Caribbean 51
2.6 Change in income poverty and per capita GDP growth under the

BAU scenario and the ’feasible’ MDG nancing scenarios in LAC 51

31 Labour market adjustment with endogenous unemployment 88
3.2 Logistic function for education 94
4.1 Argentina: per capita GDP at constant prices, 1980-2004 129
4.2 Argentina: Growth incidence curves, 1992-2004 136
4.3 Argentina: trends in public social spending, 1980-2004 150
51 Bolivia: Projection of MDG indicators in the baseline and

targets for 2015 172
6.1 Chile: Changes in employment by type of worker in the

two baseline scenarios, 2003-2015 198
6.2 Chile: Growth of nal government consumption spending

in the “moderate” baselineand MDG 2 scenarios 200
71 Costa Rica: Percentage of the population that live on less

than one dollar a day, 2002-2015 228
7.2 Costa Rica: Evolution of MDG indicators in the baseline

scenario of MAMS, 2002-2015 229

81 Ecuador: GDP per capita (constant 2000 dollars) and growth rate,
1966-2006 246



X Public Policiesfor Human Development

8.2 Ecuador: Incidence of urban poverty, minimum wage, and real

exchange rate, 1988-2005 248
8.3 Ecuador: Incidence of poverty and inequality in urban areas,
1988-2005 249
8.4 Ecuador: Trends in the determinants of the primary
education goals in the base scenario, 2001-2015 260
85 Ecuador: Trends in the determinants of the health goals
in the baseline scenario, 2001-2015 261
8.6 Ecuador: Labour supply in the base scenario, 2001-2015 262
8.7 Ecuador: Average real wage by type of worker in the
baseline scenario, 2001-2015 263
8.8 Ecuador: Incidence of extreme poverty in the baseline and
MDG scenarios under alternative nancing optionsa 270
91 Honduras: Growth incidence curve for the baseline and
MDG scenarios 297
101  Mexico: External public debt and social spending, 1984-2004 31
10.2  Mexico: Total tax burden and main sources of tax revenue,
1995-2006 312
103 Mexico: Historical and simulated evolution of completion
rates in primary education, 2003-20151 318
104 Mexico: Simulated evolution of child mortality per 1,000
live births, 2003-2015 318
105 Mexico: Simulated evolution of maternal mortality per
100,000 live births, 2003-2015a 319
106  Mexico: Simulated evolution of the percentage of the
population with access to drinking water, 2003-2015 319
10.7 Mexico: Simulated evolution of the percentage of the
population with access to basic sanitation, 2003-2015 320
108 Mexico: Observed and simulated income-tax rate, 1993-2015 322
109 Mexico: Evolution of international extreme poverty and
national food poverty, 2003-2015 323
10.10 Mexico: Evolution of the Gini coefcient for labour income
in the baseline scenario, 2003-2015 324
111  Nicaragua: Growth of real GDP and per capita GDP,
1990-2005 334
112  Nicaragua: Poverty indicators in the baseline scenario,
2000-2015 348
11.3 MDG indicators in the baseline scenario, 2000-2015 349

121  Peru: Progress towards MDG-related indicators in the
baseline scenario, 2004-2015 373



3

MAMS: an economy-wide model for
analysis of MDG country strategies-
an application to Latin America and
the Caribbean

Hans ldyeadCarolina Diaz-Bo

Introduction

This chapter documents MAMS &r MDG Simulati
ing methodological framework of this multi-country study for Latin America
and the Caribbean (LAC), which is used to address the three development
strategy questions posed in Chapter L MAMS is a dynamic Computable Gen-
eral Equilibrium (CGE) model designed to analyse strategies for achieving
the Millennium Development Goals (MDGs) and, more broadly, policies for
medium- and long-run growth and poverty reduction in developing countries.1
The model is sufficiently flexible to address the key processes for MDG achieve-
ment and other development strategies in a wide range of countries, linking to
country databases that capture country characteristics and may vary widely in
terms of disaggregation. This chapter emphasizes model features relevant to
the LAC context.

An economy-wide approach is typically needed in the analysis of development
strategies whenever the outcomes of interest (for example, an MDG target) are
influenced significantly not only by the direct effects of single policies, but also
by indirect effects and policy interactions that feed back into the processes that
determine these outcomes. For example, an increase in MDG-related govern-
ment spending may have very different effects on MDG indicators depending
on whether the spending increase is accompanied by an increase in foreign bor-
rowing or domestic taxes.

Various approaches have been used both to plan or monitor progress toward
achieving the MDGs and to evaluate the additional (or total) public resources
needed to meet them. Clemens and others (2004) and Reddy and Heuty (2004)
survey a large number of studies that forecast and cost MDGs. As emphasized
by Vandemoortele and Roy (2004), however, data availability and simplifying
analytical assumptions severely affect the quality of quantitative estimates of
all these studies.

71
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Four major sets of limitations affect studies on MDG achievement. First,
many sector studies fail to properly account for the interdependencies that ex-
ist among different MDGs and among policies designed to reach them. Second,
MDG-related policies interact with the rest of the economy by altering prices,
demands, and supplies of commodities and factors (including different types
of labour). Third, inter-temporal equilibrium consistency is seldom checked.
Financing needs, debt accumulation, and the inter-temporal sustainability of
fiscal policies need to be integrated in a complete study on strategies to achieve
the MDGs. Finally, as stressed by Devarajan and others (2002), the policy and
institutional environment is as important a component of success in achieving
the MDGs as the availability of public resources or financial assistance.

Keeping these potential limitations in mind, we briefly report on some recent
MDG studies and approaches:2(1) The UNDP Human Development Report
(2005, pp. 39-48) covers most MDGs, projecting trends for individual countries.
However, policies and linkages between MDGs are not considered, so this ap-
proach is not designed, and cannot be used, for the analysis of MDG strategies.
(2) The SimSIP (Simulations for Social Indicators and Poverty) tool, developed
by Wodon and co-authors (see Christiaensen and others, 2002) has a target
setting module that is useful for assessing the feasibility of achieving different
targets. On the other hand, the fiscal sustainability component of their method
Is weak, reflecting the fact that a set of independent tools cannot capture inter-
dependencies between GDP growth, different MDG targets, programme costs
(including wage changes), and alternative financing approaches. (3) The differ-
ent publications of the UN Millennium Project report represent a more detailed
sector approach (see, for example. United Nations Millennium Project, 2005),
but this approach—while rich in detail—has typically ignored or simplified the
synergies across the MDGs and has not been designed to consider increasing
marginal costs and the interactions with the broader economy. (4) Recognizing
the need for an economy-wide perspective, Agenor and others (2005) combine
a macro model with an MDG module in a framework that requires relatively
little data and draws on econometrically estimated parameters (a key strength
of their approach). On the other hand, the macro model is highly aggregated:
it has only one production sector and it does not include intermediate inputs,
factor markets, or factor wages (rents). These considerations limit its ability to
analyse key aspects of MDG strategies such as how the direct exchange rate
and labour market repercussions of scaled-up government programmes differ
depending on whether the programme emphasizes, for example, education or
infrastructure. Also, its high level of government and labour market aggrega-
tion makes it less informative for fiscal analysis.

The links between growth, service delivery, MDG achievements and financing
outlined above demonstrate that a more sophisticated and coherent framework
is needed. The analysis must consider macroeconomic factors and trade-offs



MAMS: aneconomy-wide modelfor analysis of MDG country strategies

between objectives. For example, increases in foreign aid (borrowing or grants,
although the latter is less common in the LAC region) leads to concerns over the
possibility of “Dutch disease”, characterized by real exchange rate appreciation
and a structural erosion of the capacity to produce tradables (for exports or
domestic market), a capacity that may be needed in the future. At the same time,
the content of the MDG strategy (such as whether the expansion in demand is
geared toward imports or non-tradables) has a decisive impact on the magnitude
ofany Dutch Disease effects. On the other hand, ifan MDG strategy is financed
via increases in taxes or domestic borrowing, then private sector growth, invest-
ment, and consumption are all likely to suffer, negatively impacting poverty re-
duction and, because of indirect effects, the achievement of other MDGs (which
are influenced by household incomes and consumption). A related critical issue
is the pace at which large programmes should be scaled up. Rapid initial ex-
pansion may drive up costs more quickly and could be more expensive in real
present value terms. On the other hand, given time lags, especially in education,
expanding investment too slowly may make it impossible to achieve the MDGs
by 2015. By allowing the performance of policy experiments that consider these
links, MAMS helps analysts and policymakers to think about the issues in a
systematic manner, which helps inform the policy dialogue.

MAMS at a glance

The starting point for MAMS is the static, standard CGE model developed at
the International Food Policy Research Institute (IFPRI1) (Lofgren and others,
2002). MAMS is significantly extended in two key respects: the inclusion of
(recursive) dynamics (that is, a time dimension) and the addition of an MDG
module that endogenizes MDG and education outcomes.3Other extensions in-
clude the endogenization of factor productivity (which depends, in the basic
specification, on economic openness and government capital stocks) and the
tracking of assets (liabilities) of the different institutions (factor endowments,
domestic government debts and foreign debts).

A key premise of MAMS is that it is designed to link government spending
and MDG outcomes in a dynamic way, permitting several outside influences.
First, it permits the returns to scale of government spending to vary with the
level of service delivery. At low levels, increasing returns may prevail as net-
work and learning effects and synergies are predominant. At high levels of serv-
ice delivery, government spending may suffer from decreasing returns to scale.
To exemplify, water supply, health care, and education can be relatively easily
provided in densely populated areas, but become increasingly expensive as cov-
erage expands to remote areas. Also, when mortality rates are low it becomes
increasingly difficult to reduce these rates further. Similarly, if completion rates
in education are already high, it is difficult to ensure that the last percentages of
children complete the programme.
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Second, MAMS permits the effectiveness of government spending to depend
on many variables. For example, spending on education may become more ef-
fective if health conditions improve (reducing absenteeism at schools), if pub-
lic infrastructure improves (facilitating access to schools), if income levels rise
(making parents less inclined to keep children at home or in the labour market)
or ifskill premiums increase (triggering a greater incentive to finish formal edu-
cation). In general terms, this means that spending on services becomes more
effective if demand conditions for those services are more favourable.

Third, MAMS considers that the costs of service delivery may change with
macroeconomic conditions. The services are often skill intensive and in many
cases also capital intensive. The more intense the MDG effort, the stronger
the impact on costs as skilled labour becomes scarcer and financial conditions
become tighter. From a general budgetary perspective the impacts on costs are
even larger, because changes in macroeconomic conditions do not only affect
MDG-related spending, but also other, non-MDG-related government spend-
ing. The relative competitiveness of different parts of the private sector is also
affected.

The first two aspects above (changing returns to scale and the impact of de-
mand variables) are captured in the MDG functions introduced in MAMS (ex-
plained in detail in the MDG section of this chapter). The third aspect (mac-
roeconomic interactions) is captured as the MDG functions are incorporated
in a dynamic economy-wide general equilibrium framework that also includes
detailed fiscal accounts (explained in more detailed terms in the core model
section).

Mathematically, MAMS is divided into two modules—a core CGE module
and an MDG module—both of which are integrated in a simultaneous system
of linear and non-linear equations. For each time period, the core CGE module
gives a comprehensive and consistent account of decisions and related payments
involving production (activities producing outputs using factors and intermedi-
ate inputs), consumption (by households and the government), investment (pri-
vate and government), trade (both domestic and foreign), taxation, transfers
between institutions (households, government, and the rest of the world), and
the distribution of factor incomes to institutions (reflecting endowments). This
module also considers the constraints under which the economy operates (the
budget constraints of institutions and producers; macro balances; and market
constraints for factors and commodities). Lastly, in addition to these standard
features of a static CGE model, the core CGE module in MAMS also updates
selected parameters (including factor supplies, population, and factor produc-
tivity) on the basis of exogenous trends and past endogenous variables.

The MDG module captures the processes that determine MDG achievement
in the human development area, most importantly the provision of services
in the areas of education, health, and water and sanitation. The size and skill
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composition of the labour force is endogenized, in large measure depending on
the evolution of education. The MDG module has feedback effects into the rest
of the economy, primarily via the labour market.

In the model, growth depends on the accumulation of production factors
(labour at different educational levels, private capital, and other factors such
as land, if present) and changes in factor productivity, which is influenced by
the accumulation of government capital stocks and openness to foreign trade.
The structure is recursive: the decisions of economic agents depend on the past
and the present, not the future; in other words, the model does not consider
forward-looking behaviour.

Poverty and inequality analysis, as in other CGE models, can be performed in
several ways. The simplest but least desirable method uses an elasticity calcula-
tion for poverty given changes in per-capita household consumption. Represent-
ative-household or survey-based microsimulation approaches are preferable.
The former assume fixed distributions of income or consumption within each
household group, providing welfare estimations directly from the CGE model
results. The latter type of approach does not need to recur to the rather strin-
gent assumption of fixed within-group income distributions. It can be either top-
down, feeding CGE simulation results to a household model, or integrated, with
the household model built directly into MAMS. For the purposes of this study,
a survey-based, top-down microsimulation approach was used for the poverty
and inequality analysis, as explained in Chapter 2, Appendix A2.1.

The disaggregation of MAMS is data-driven and flexible in most areas: sub-
ject to computer memory constraints, there is no upper limit on the number
of primary factors, households, production activities and commodities. The
government is disaggregated by function to include sectors for education (by
cycle or level), health (in some applications further disaggregated by type of
service or technology), water and sanitation, and other public infrastructure.
For the purposes of the country studies and to ensure that MDG achievement
in education has explicit dynamic feedback effects on labour supply, the labour
force is disaggregated by educational achievement into three types: those who
have completed tertiary, completed secondary, or less than completed second-
ary. Further disaggregation of labour categories is possible in MAMS.

The applicability of the model to specific policy issues depends in large part
on the degree of disaggregation. For example, the analysis of issues related to
poverty requires a relatively detailed breakdown of household income sources
(from factor endowments and the production activities in which they are em-
ployed). Similarly, it is likely preferable to disaggregate non-government pro-
duction into multiple sectors and commodities (that is, services), as it will pro-
vide more specific results of the sectoral employment and income effects of an
MDG strategy, pursued on its own or in conjunction with other policies, such
as trade reform.
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Detailed description of MAMS

The basic accounting structure and much of the underlying data of MAMS,
like other CGE models, is represented by a Social Accounting Matrix (SAM).
The SAM for MAMS has some unconventional features, especially because
of the required detailed specification of how different MDG-related services,
provided by both public and private sectors, are produced and delivered. Be-
fore describing the behavioural assumptions and mathematical structure of
MAMS, we first describe the particular features of the SAM and the key ac-
counting identities of MAMS.

The Social Accounting Matrix

A SAM is a square matrix in which each account is represented by a row and a
column. It provides a comprehensive picture of the economic transactions of an
economy during a time period, almost invariably one year. Each cell shows the
payment from the account of its column to the account of its row. Thus, the in-
comes ofan account appear along its row and its expenditures along its column.
For each account in the SAM, total revenue (row total) should be equal to total
expenditure (column total). It should be noted that SAMs almost invariably are
limited to flows; additional data or assumptions are needed to define stocks.
In most CGE models (including MAMS), the SAM s used to define base-year
values for the bulk of the parameters in the equations that generate the corre-
sponding payments in the model.

Table 31 shows a stylized and aggregated version of a SAM designed for
MAMS, while Table 3.2 shows the notation that is used.4

Starting from the top left of the SAM, the activity accounts represent the enti-
ties that carry out production, allocating sales receipts to intermediates, factors
(value-added) and (indirect) taxes. The commodities are activity outputs, either
exported or sold domestically, and imports. The row entries of the commodity
accounts represent payments from commodity demanders. The column entries
show payments to the suppliers and indirect taxes (tariffs on imports and/or a
sales tax on domestic sales irrespective of whether the commodity is of foreign
or domestic origin). In the country studies, the accounts for the government ac-
tivity and commodity are disaggregated by function, matching the requirements
for the analysis of the MDGs and the educational system. Table 3.1 shows a one-
to-one mapping between activities and commodities. However, MAMS permits
any activity to produce multiple commodities (for example, a dairy activity may
produce the commodities cheese and milk), while any commodity may be pro-
duced by multiple activities (for example, activities for small-scale and large-
scale maize production may both produce the same maize commodity).5

The row entries of the two factor accounts in the SAM, labour and private
capital, indicate that they earn value-added from domestic production activities
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Table 3.2 Accounts and cell entries in Stylized Macro SAM for MAMS

Account Explanation Cell entry Explanation
act-prv activity - private production bor borrowing
act-gov activity - government cons consumption
production
com-prv. commodity - private dstk stock (inventory) change
production
com-gov  commodity - government exports exports
production
f-lab factor - labour imports imports
f-capprv  factor - private capital intdom interest on domestic
government debt
hhd household intmed intermediate inputs
gov government introw interest on foreign debt
row rest of world inv investment (gross fixed
capital formation)
taxes taxes - domestic and trade output production
interest interest (on domestic and sav savings
foreign debt)
cap-hhd capital account - household taxes taxes (direct and indirect)
cap-gov capital account - trnsfr transfers
government
cap-row capital account - rest of va value added
world
inv-prv investment - private capital  yrow factor income from RoW
inv-gov investment - government
capital
dstk stock (inventory) change

and, for private capital, income from the rest of the world (this is less common for
labour since it only applies to income from abroad for workers who are residents
of the country of the SAM). In the factor columns, value-added is distributed
to the owners of the factors.6In the country studies, labour is invariably disag-
gregated by education, typically into three segments with the following achieve-
ments: completed tertiary, completed secondary but not completed tertiary, and
less than completed secondary. MAMS is designed to have a single factor (and
SAM account) for private capital, which we define here as capital used in activi-
ties that are not part of the functions of the general government.7MAMS includes
one type of government capital per government activity (that is, the activities that
are part of the functions of the general government). However, typically, govern-
ment capital does not earn value-added and, given this, it is not represented in
the SAM.

The SAM in Table 31 includes three types of institutions: households, the
government and the rest of world (row).8Households may be disaggregated into
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various types and this was done in some of the country studies for this project.
Each institution has a current account (its name is a shortened version of the
name of the institution) and a capital account (the current-account name of
the same institution prefixed by “ g’ linked to
capital accounts of other institutions. This treatment is significantly different
from the more common treatment where savings and investments are handled
by a unified institutional account.

In the rows of their current accounts, the domestic institutions receive their
earned shares of value added, transfers from other institutions, interest income
(for households), and tax revenues (for the government), while the rest of the
world receives payments for the value of goods imported by the country as well
as a share of value added (profit remittances), net transfers from domestic in-
stitutions (which may be negative, for instance, reflecting workers remittances
received by the country), and interest payments on foreign debt Along
their columns, the outlays of the institutions are allocated to commodity pur-
chases (consumption for the household and the government; and the exports
of the SAM country for the rest of the world), direct taxes (for the household),
interest payments (for indebted institutions), and savings. Some of the country
studies also include an additional institution carrying out the functions of an
NGO—receiving transfers from other institutions (typically the government
and/or the rest of the world) and using these resources to purchase services
related to health and/or education. The tax account (which in MAMS appli-
cations is disaggregated according to type of taxation) passes on its receipts
from activities, commodities, and households (along the row) to the govern-
ment (along the column).9

The account for interest payments (in applications disaggregated into ac-
counts for domestic and foreign interest) passes on payment from the (net) bor-
rowers to the (net) lenders. Note that the SAM (and MAMS) only captures inter-
est payments (and related debts) of domestic institutions to the rest of the world
and of the government to households. It does not capture interest payments and
debts of linking domestic non-government institutions. In their rows, the capi-
tal accounts of the institutions record their financing sources, consisting of own
savings and net borrowing from selected other institutions (for the government
from the rest of the world and the household; for the household, from the rest of
the world). The outlays of the institutional capital accounts include payments
for fixed investments (inv) and changes in inventories (dstk) and net lending to
other institutions (the counterpart of net borrowing). The payments from the
capital account of the rest of the world to the private investment account refer
to foreign direct investment (FDI). This structure makes it possible for MAMS
to capture, in a simple way, the structure of institutional assets (different types
of capital and financial claims) and liabilities (financial debt) and how the evo-
lution of this structure differs under alternative scenarios. Other things being

inves
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equal, if the database has multiple households, those with more rapid income
growth will likely also have more rapid savings growth, acquiring increasing
shares of private capital and government debt.

Like most other CGE models, MAMS is a “real” model in which inflation does
not matter (only relative prices matter). Implicitly, in the SAM, the current ac-
count of the monetary sector is merged with service activities and commodities
while its capital account is merged with the government capital account. Given
this, in the merged government capital account, the cells for net government
borrowing from other institutions are made up of multiple items. The cell for
net borrowing by the government from the household is the sum of (a) net direct
borrowing by government from household (net sales of government bonds on
which the government pays interest); and (b) net increases in the claims of the
household sector on the monetary sector (the differences between changes in
broad money holdings and monetary sector credit to the household). In MAMS
(but not in the SAM), the two items in this cell are treated separately, making
it possible to consider the fact that (a) gives rise to interest payments and a debt
whereas (b) is a grant to the government, providing it with “seignorage” (as the
one who spends this new money first). The second cell, which shows net borrow-
ing by government from the rest of the world, is the difference between (a) net
direct borrowing by the government from the rest of the world; and (b) the in-
crease in foreign exchange reserves. In MAMS, these two items are not treated
separately.DWhile this treatment remains simple, it captures the important fact
that the government, by means of money creation, appropriates part of private
savings. Given the fact that the model does not consider effects of and private
sector responses to high general inflation. MAMS should not be used for sce-
narios under which the resources obtained via the monetary sector are so large
that inflation would accelerate. The assessment of what is a prudent upper limit
for this type of borrowing should draw on expertise on the macroeconomics of
each country; a few per cent of GDP is often a reasonable figure.

Structure of MAMS

In the below, we discuss the mathematical statement of MAMS: firstly for the
core CGE module and subsequently for the MDG module. Frequently, we will
refer to Tables A3.1 and A3.2 (notation and equations for the core CGE mod-
ule) and Tables A3.3 and A3.4 (notation and equations for the MDG Module),
which are found in Appendix A3.1. The following notational conventions apply
in Appendix A3.1 and various parts of the main text: upper case Latin letters
are used for variables; exogenous variables have a bar on top, endogenous vari-
ables do not. Parameters have Greek or lower-case Latin letters. Subscripts re-
fer to set indices. A “0” superscript is used to refer to base-year variable values.
Otherwise, superscripts are exponents (that is, not part of the name of the vari-
able or parameter). In the presence of the “0” superscript, the time subscript (/)
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has been suppressed. The fact that an item is a variable and not a parameter in-
dicates that, at least under certain model assumptions, its value is endogenous.
In Tables A3.2 and A3.4, the domain column, which follows the column with
the equations, isan important part of the mathematical statement—it indicates
the set elements to which each equation applies."

The core CGE module

As shown in Table A3.2, the core CGE module is divided into blocks covering
prices, production and trade, domestic institutions, investments, system con-
straints and macro variables, and stock updating and productivity.2This sec-
tion will describe in more technical terms the equations in each of these blocks.

Price block

The price block (equations 1-11) defines prices that can be expressed as func-
tions of other endogenous variables (as opposed to being free variables that
perform market-clearing functions). Among these prices, it is worth noting that
transactions costs (the cost of moving the commodity between the border and
the demanders or suppliers, or between domestic demanders and suppliers)
are accounted for in the definitions of demander (domestic-currency) import
prices, supplier (domestic-currency) export prices, and demander prices for do-
mestic output sold domestically (equations 1, 2, and 4).

Whereas the transformation of output between exports and domestic sales
typically is imperfect, the model also allows for the special cases of outputs ex-
clusively produced for foreign markets (no domestic sales; see below discussion
ofequation 22) and of perfect transformability with zero exports as one possible
outcome. Perfect transformability is useful for commodities that are relatively
homogeneous; with only small differences depending on whether the demander
is domestic or foreign (like grains). This case is covered by equation 3, which
has three components: (a) the constraint that domestic supplier prices are larger
than or equal to export prices in local currency units (LCU); (b) the constraint
that exports are larger than or equal to zero (that is, zero is a possible outcome);
and (c) a complementary-slackness relationship according to which at least one
of (a) and (b) has to hold as a strict equality—domestic supplier prices only
exceed export prices if exports are zero or, if exports are above zero, then the
two prices are equal. In terms of economics, this means that the export price is
a floor price and that producers prefer to sell at the highest price that is offered.
If the domestic price is above the export price, then nothing is exported. If, in
the absence of exports, the price would have fallen below the export price, then
exports will be positive, preventing a decline below the export price.B

Various aggregative prices—for composite supplies, for produced commodi-
ties, and value-added—are derived from relationships that define total revenue
or costs as the sum of disaggregated receipts or payments (equations 5-7 and 9).
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The price of the aggregative intermediate commodity for any activity depends
on its commodity composition and the prices of the commodities involved
(equation 8). The model is homogeneous of degree zero in prices, with the CPI
serving as the model numéraire (equation 10). Alternatively, the price index for
non-tradables may serve as numéraire (equation Il).14

Production and trade block

This block (equations 12-27) includes the first-order conditions for profit-max-
imizing production and transformation decisions as well as cost-minimizing
domestic demand decisions. Given available technology and market prices
(taken as given in a perfectly competitive setting), producers maximize profits.5
The technology is defined by a nested, two-level structure. At the top, output
is a Leontief aggregation of real value-added and a real aggregate intermedi-
ate (equations 12-13).16At the bottom, these are linked to a Constant Elasticity
of Substitution (CES) aggregation of primary factors (a value-added function)
and a Leontiefaggregation of intermediate inputs (equations 14-16). Given that
the national accounts rarely attribute value-added to government capital, the
CES value-added functions for government production do not include capital
factors. Typically, government value-added is limited to labour.T”

Each activity produces one or more outputs with fixed yield coefficients (equa-
tion 17). Any commodity may be produced and marketed by more than one
activity. A CES approach, assuming profit-maximizing producer behaviour,
is used to aggregate market sales of any commodity from different activities
(equations 18-19). Production is transformed into exports and domestic sales on
the basis of a CET (Constant Elasticity of Transformation) function. The prof-
it-maximizing, optimal ratio between the quantities of exports and domestic
sales is positively related to the ratio between the corresponding supply prices
(equations 20-21). A less complex relationship applies to production without
exports or without domestic sales (equation 22). Government and private social
services are typically non-traded, that is, they have no exports and all of the
supply is from domestic producers. For any exported commodity, two alterna-
tives are possible for export demand: (a) exogenous prices in foreign currency
units (FCU) combined with an infinitely elastic demand; or (b) price-sensitive
export demands (defined by constant-elasticity functions) with the FCU prices
determined by domestic conditions and the exchange rate (equation 23 applies
to the constant-elasticity case.) Given that, in the equations, PWE (the export
world price) has a bar on top, we assume that (b) does not apply in this specific
case (and that the set CED is empty).

Domestic demanders are assumed to minimize the cost of imperfectly sub-
stitutable imports and commodities from domestic production according to
an Armington (CES aggregation) function (equations 24-25). For commodities
with only one supply source, the supply from this source equals the composite
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supply (equation 26). The transactions (trade and transport) demand for any
service commodity is the sum of demands arising from domestic sales, exports,
and imports, each of which is the product of the quantity traded and a fixed
input coefficient (showing the quantity of the service commodity per unit of
trade; equation 27).

In the country studies, government service sectors invariably produce single
outputs and have fixed coefficients for intermediate inputs and capital (typi-
cally without any value-added payment; also see discussion in the section “In-
vestment block™). Given this, “profit-maximization” merely involves some flex-
ibility in terms of the composition of their labour employment as they supply
the quantities that are demanded.

Domestic institution block

This block (equations 28-44) accounts for the receipts and expenditures of all
domestic institutions, both government and non-government (households) as
well as current, non-trade payment flows to and from the rest of the world; that
is, factor incomes and transfers. When they represent inflows of foreign cur-
rency, these payments tend to be fixed (in FCU). The equations are structured
to accommodate databases with any number of households, one government,
and one entity representing the rest of the world. The payments in this block
are highly interrelated since institutions often are both at the receiving and pay-
ing ends. Transfers between any two institutions may flow in both directions;
however, if so, the analyst may often find it more convenient to net these in the
initial model SAM.

Turning to the equations, factor incomes are defined as a function of domestic
wages (which may vary across activities) and employment levels, augmented by
factor incomes from the rest of the world (equation 28) and allocated across dif-
ferent institutions (domestic and foreign) in value shares that depend on factor
endowment shares (equations 29-30). Domestic non-government institutions:
(i) earn net interest incomes, defined as the difference between net interest earn-
ings from loans to the government and net interest payments to the rest of the
world on foreign debt (equation 31); (ii) transfer fixed shares of their incomes (net
of direct taxes and savings) to other institutions (domestic or foreign) (equation
32); (iii) earn total gross incomes defined as the sum of factor incomes, net inter-
est incomes, and transfers from other institutions, where the treatment of the
latter differs depending on the nature of the sending institution (government,
the rest of the world, or another domestic non-government institution) and the
receiving institution (household or non-household) (equation 33); (iv) pay direct
taxes according to rates that are fixed unless adjusted as part of the government
closure rule (equation 34; note that all right-hand-side terms are exogenous);
and (v) save out of incomes net of direct taxes according to marginal (and aver-
age) rates that are endogenous, depending on changes in per-capita incomes if
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the elasticity of savings with respect to per-capita income is different from unity
(equations 35-36). Alternatively, for any given institution, the savings and/or di-
rect tax rate may be adjusted as part of the savings-investment and government
closure rules. If direct tax rates are adjusted as part of the government closure
rule, either they are scaled up/down “efficiently” by a factor ( ) or
uniformly adjusted for selected institutions (through DTINS). As suggested by
the absence of a bar above DTINS, this mathematical statement assumes that
changes in direct tax payments via adjustments in DTINS clear the government
budget. This closure was the default in the country studies. The savings rates
can be adjusted through similar alternative mechanisms (through MPSADJ or
DMPS) as part of the savings-investment rule.

For households, incomes net of direct taxes, savings and transfers to other
institutions (defined in equation 37) are allocated across different commodi-
ties according to demand functions belonging to a Linear Expenditure System
(LES), defined in per-capita form with separate equations for demands from the
market and from own-production (equations 38-39). If the database explicitly
considers transactions costs, then market demands include these whereas de-
mands for own production do not.

For the remaining domestic institution, the government, current incomes
come from taxes (which are disaggregated into a wide range of categories), fac-
tor endowments (the government may own non-labour factors), and transfers
from other domestic institutions and the rest of the world (equation 40). The (re)
current expenditures of the government are divided into consumption, trans-
fers to domestic institutions (CPI-indexed) and the rest of the world (fixed in
FCU), and interest payments on domestic and foreign debt (equations 41). For
each period except the first, real government consumption, disaggregated by
commodity (excluding consumption for infrastructure), is defined as the level
in the previous year times a growth factor that consists of multiple terms (equa-
tion 42). In the mathematical statement, the right-hand side terms are all exog-
enous or lagged; in simulations with other rules for determining government
consumption (including simulations targeting MDGs), one of the exogenous
terms is endogenous.AReal government consumption of infrastructure servic-
es, also for each period except the first, is defined as the quantity of government
consumption per unit of the government infrastructure capital stock times the
real endowment of that capital stock by the government; that is, the size of the
capital stock determines consumption (which may represent maintenance, ad-
ministration, and so on) (equation 43). Finally, government savings is simply the
difference between current revenues and current expenditures (equation 44).

Investment block

This block (equations 45-53) covers the determination of government and pri-
vate investment (including FDI) and how these are financed.
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Government investment demand by capital stock (DKGOI'f is defined in equa-
tion 45, which consists of three parts.DDifferent treatments are applied to serv-
ice capital (used in the production of government services) and infrastructure
capital (which requires government support services) (equation 45a). For service
capital, growth in service production is the driving force; investment demand is
determined as the difference between (i) the anticipated capital demand next year
(assuming that production growth will be the same as last year and using a fixed
capital-input coefficient) and (ii) the capital stock that would remain if no invest-
ments were made. For infrastructure capital, government investment demand
is determined as the difference between (i) an exogenous growth term times the
infrastructure capital stock in t (similar to equation 42) and (ii) the capital stock
that would remain if no investments were made.Z A non-negativity constraint
is also imposed for government investment (equation 45b). A complementary-
slackness condition (equation 45c¢) imposes that (i) if DKGOV is positive, then
equation 45a must hold as an equality; and (ii) if the right-hand side of equation
45a is negative, then DKGOV will be zero and equation 45a will hold as an ine-
quality. This treatment is used to avoid a negative investment value (DKGOV<0)
in the exceptional case of an anticipated production decline that is larger than the
depreciation rate. Equation 46 transfers the value of DKGOV io investment by
institution, DKINS (for the government), a variable that is used elsewhere in the
model to represent investment across all capital stocks and institutions.

The prices of new capital stocks (disaggregated by type) depend on their com-
position and market prices (equation 47). The resulting fixed government invest-
ment value (defined on the basis ofthe price and quantity information generated in
the preceding equations) is financed by some combination of government savings
(net of spending on stock or inventory changes), sales of government bonds (that
is, new interest-bearing borrowing), borrowing via the monetary sector, foreign
borrowing and foreign capital grants (which is separate from current government
transfers from the rest of the world) (equation 48). Returning to the equations,
government bond sales and borrowing via the monetary system are allocated
across households on the basis of their savings shares (equations 49-50).2

Equation 48 concludes the series of equations that summarize the govern-
ment budget (see also equations 40-41 and 44). The choice of mechanism for
clearing the budget (the government closure rule) is an important part of the
simulations in the country studies of this project. As noted above, changes in
the variable DTINS (see equation 34) adjust direct tax payments sufficiently to
clear the budget. The other terms in the expressions for government receipts
and outlays are exogenous or determined via other mechanisms. Under the oth-
er three closures that are used, direct tax rates are exogenous while one of the
following variables is endogenized to clear the budget: government bond sales
(GBORTOTTfgovernment borrowing from the rest of the world ( ), or
government grants from the rest of the world ( ).
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Each alternative closure has specific macroeconomic repercussions. Increas-
es in government bond sales reduces the amount of financing that is available
for private investment (compare equation 51) while increases in foreign grants
or foreign borrowing tend to permit more rapid growth in GDP and private
final demand (consumption and investment). Reliance on foreign resources also
tends to bring about real exchange rate appreciation, slower export growth,
and more rapid growth in imports and production for domestic markets. The
strength of these effects depends on the growth impact of the expansion in
government spending as well as on whether the new spending has high or low
import shares. If the country later needs to reverse the switch toward produc-
tion of non-tradables (for example, because of a decline in foreign grants in the
future), and its structure is rigid, it may end up suffering from “Dutch Disease”.
Expansion in foreign borrowing is less favourable than grants since it drives
up the foreign debt (which, in the absence of debt relief, eventually has to be
repaid) and related interest payments (more or less burdensome depending on
loan conditions). The alternative of raising direct taxes tends to be less favour-
able to growth in GDP and private final demand than reliance on foreign re-
sources. However, given that most of the cut in household disposable income
IS born by consumption as opposed to savings and investment, the direct tax
alternative is more favourable than domestic government borrowing for long-
run growth in GDP and private final demand.

Equation 51 defines the fixed investment values for non-government insti-
tutions—all terms do not apply to each institution—as own savings, net of
spending on stock (inventory) changes and lending to the government, and aug-
mented by borrowing, capital grants and FDI from the rest of the world. For
the latter, the fixed investment value is simply the value of FDI (fixed in FCU)
times the exchange rate. (The FDI term is invariably fixed at zero for domes-
tic institutions.) Implicitly, equation 51 shows the rule that the country studies
used for ensuring that total savings and total investment are equal: given that
government and households savings, government investment, and FDI all are
determined by other rules, the clearing variable is private household invest-
ment ( INVVALJ.

For each non-government institution, real investment in different capital
stocks (investment by destination) is determined by its total fixed investment
values, the prices of capital goods, and exogenous value shares by capital stock;
the value share is unity if the database only specifies a single private capital
type (equation 52).23

The final equation in this block defines total investment demand by commod-
ity source (often referred to as investment by origin). It is defined on the basis of
real gross fixed capital formation (both private and government; investment by
destination) and the capital composition parameter (equation 53).

8
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Other system constraints: foreign exchange, factors and commaodities

In the preceding, we discussed alternative mechanisms for clearing two of
the macro constraints of the model, the government budget and the savings-
investment balance. The current block (equations 54-58) includes the remaining
system constraints: the balance of payments and the markets for factors and
commodities.

The balance of payments (or foreign exchange constraint) (equation 54) im-
poses equality between foreign exchange uses (spending on imports, factor in-
comes and transfers to the rest of the world, and interest payments on foreign
debts) and sources (export revenues, transfers, factor incomes, borrowing, capi-
tal grants, and FDI).2 In the country studies, the (real) exchange rate (
clears this balance. For example, other things being equal, depreciation (an
increase in EXR) will remove a deficit by raising supplies for export relative to
supplies for domestic sales while reducing domestic use of imports relative to
domestic use of domestic output.

The market constraint for factors (equation 55), which applies to all factors
except government capital, states that total demand for any factor (the left-
hand side) equals the total endowment times the employment rate (one minus
the unemployment rate). This is straightforward if the unemployment rate is
exogenous—if so, in any time period, the economy-wide wage variable (WFt)
will clear the market by influencing the quantities demanded.

Figure 31 shows the functioning of factor markets with endogenous unem-
ployment. The supply curve is upward-sloping, reflecting that, ceteris :

Figure 3.1 Labour market adjustment with endogenous unemployment
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workers request higher wages as the labour market gets tighter. When the mar-
ket reaches a state of “full employment”, that is when the minimum unemploy-
ment rate is reached (which is set here at 5 per cent but varies across the country
studies), the supply curve turns vertical. When the factor market is below full

employment, the unemployment rate ( Bithe cle
employment, the economy-wide wage ( Wycle:

should be seen as broadly defined, representing the degree of underutilization

of the factor (and the potential for increased utilization), due to a combination

of full or partial unemployment (that is, also considering underemployment).
Equations 56-57 specify our treatment of the labour market. Workers have a

reservation (minimum) wage (WFREStpelow which they will

tion 56). It is defined as a function of the economy-wide wage in the base year,
and the ratios between current and base-year values for the (un)employment
rate, household consumption per capita (as indicator of real living standards)
and the CPI. The ratio terms are raised to elasticities that determine their im-
portance (an elasticity of zero implies that a term has no importance). Equation
57 consists of three parts: (a) the constraint that the economy-wide wage for
each factor cannot fall below the endogenous reservation wage; (b) the con-
straint that the unemployment rate cannot fall below an exogenous minimum
(ueratmin); 5 and (c) a complementary slackness condition, which states that
either (@) or (b) but not both are slack (non-binding). In other words: if the
unemployment rate is above its minimum, then the wage must be at the reserva-
tion level; if the wage is above the reservation level, then the unemployment rate
must be at its minimum.

Note that, at the activity level, the wage paid is the product of WFft and
\VFDISTtui(compare equations 15and 28). a distortion (or differ-
ential) term that typically is exogenous, reflects relative wage differences across
activities. In some cases it may be desirable to impose an exogenous time path
for the employment of specific factors in selected activities (drawing on other
pieces of information, for example data on the expected evolution of sectors
based on the exploitation of natural resources). For the factor-activity-time
combination in question, the analyst only has to flex the wage distortion vari-
able (WFDISTta") and fix the employment variable (QFf ). Such an assumption
can coexist with factor markets with or without endogenous unemployment.

For each composite commodity, the supply is set equal to the sum of demands
(equation 58). As noted earlier, composite supplies stem from two sources, im-
ports and domestic supplies to domestic markets (compare equation 24); for
each commodity with both sources, demand is allocated between them on the
basis of relative prices. The market-clearing variables are the quantity for
imports and, for domestic output, the price (PDS for suppliers and PDD for de-
manders, with a wedge between the two in the presence of transactions costs).
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Asset stock updating and productivity block

The equations in this block update institutional stocks of assets and liabilities,
and TFP by activity (equations 59-66). Except for equations defining arguments
for the definition of TFP, all equations in this block include lagged relation-
ships. They do not apply to the first year, for which the values of the variables
defined in this block are fixed.

In most country studies, MAMS has a single representative household and
this is also the implicit assumption in this mathematical statement.ZBFor capi-
tal, the stock of any institution (household, government and rest of world) is
defined as the sum of its previous-period stock (adjusted for depreciation), new
investments, and exogenous adjustments (which may reflect the impact of natu-
ral disasters or institutional changes, removing parts of the capital stock from
production) (equation 59). The evolution of labour endowments is defined in
equation 8L For other factors (for example, agricultural land), the growth in
institutional endowments (QFINSin) is exogenous. Except for the absence of
depreciation, the relationships that hold for foreign debt (equations 60) and
government bonds (equations 61) are identical to those used for capital. For for-
eign debt, the treatment is potentially more complex since the model allows for
the possibility of non-paid interest (which is added to the debt) and debt relief.

This block includes further a set of equations used to define total factor pro-
ductivity (TFP) for each activity. To simplify the algebra, equations 62-63 de-
fine real GDP at market prices and the real trade-to-GDP ratio.

In equation 64, the TFP of each activity (a variable that appears in equation
14, the CES value-added function) is defined as the product of a trend term,
changes due to capital accumulation, and changes due to variations in eco-
nomic openness (defined by the real trade-to-GDP ratio). The effects of capital
accumulation and changes in openness depend on the values of exogenous elas-
ticities—if they are set at zero, the effect is zero and then only the trend term
matters. In the definition of the trend term (equation 65), the first of the trend
growth terms, ClLvagai invariably exogenous. The second term, , IS
endogenized when a certain GDP level is targeted (used in the base simulations
of the country studies). In this context, the parameter tfpOl has been used to
control relative TFP growth rates across activities (with values ranging between
zero and unity). However, apart from the base simulation, all right-hand terms
are either exogenous or lagged while GDP is endogenous.Z The trade-to-GDP
ratio, the most common indicator of economic openness (in terms of outcome,
not policy stance) is defined in real terms (to avoid the impact of nominal
changes, for example due to exchange rate depreciation) and with a potential
lag to avoid unrealistically large immediate productivity effects of changes in
openness: in any time period, the numerator in the last term of equation 64 is a
weighted average of current and past trade-to-GDP ratios. The parameter for
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the length of the lag is part of the country-specific database. The final equation
in this block, equation 66. defines real GDP at factor cost; it is flexible unless
CALTFPG is flexible.

The fact that the elasticity parameters in equation 64 are disaggregated (by
activity for trade and by activity and function for capital) make it possible to
specify different channels and magnitudes for the productivity effects of trade
and different types of capital stocks. In the country studies, the productivity ef-
fects of capital are limited to infrastructure capital.8 Depending on the degree
of disaggregation of these capital stocks and activities, the productivity effects
can be more or less finely targeted. For example, if irrigation and road capital
stocks are singled out, these could meaningfully be linked to agriculture (es-
pecially crop activities) and transportation services, respectively; other sectors
would only be influenced indirectly by these productivity changes. On the other
hand, if infrastructure capital is a single capital stock, the selection of targeted
sectors would have to be more general (implicitly reflecting some assumed com-
position of this broader spending type).

The MDG module

The MDG module (equations 67-83) specifies the mechanisms that determine
the values for the indicators related to the different MDGs and educational
behaviour as well as the size and disaggregation (by educational achievement)
of the labour force. The rest of the economy, which was presented in the preced-
ing sections, influences the evolution of the MDGs and the educational sector
through variables related to household consumption, the provision of different
types of MDG-related services, labour wages, and capital stocks in infrastruc-
ture. In its turn, the MDG module influences the rest of the economy through
its impact on the size and composition of the labour force. In addition, the
evolution of one set of MDGs can influence other MDGs. The notation and
the equations of the MDG module are respectively presented in Tables A3.3
and A3.4.

MAMS focuses on the MDGs that typically are most costly and have the
greatest interactions with the rest of the economy: universal primary school
completion (MDG 2; measured by the net primary completion rate), reduced
under-five and maternal mortality rates (MDGs 4 and 5), and increased access
to improved water sources and basic sanitation (part of MDG 7). The poverty
MDG (MDG 1) is simulated in the microsimulation model (see Chapter 2, Ap-
pendix A2.1); it is not targeted given the absence of tools (in MAMS and in
most real-world, developing-country contexts) that policymakers could use to
fine-tune poverty outcomes.®

As explained in the introductory section of this chapter. MDG outcomes de-
pend on government and private sector provision of MDG-related services as
well as demand conditions for those services. Table 3.3 lists the determinants
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Table 3.3Determinants of non-poverty MDGs
MDG SD HC wi Pl oM

2. Primary education X X X X 4
Under-five mortality X X X 7a, 7b

5 Maternal mortality X X X 7a, 7b

7a. Access to safe water X X X

7b. Access to basic sanitation X X X

Abbreviations: SD: Service delivery; HC: Household consumption per capita; WI: Wage
incentives; Pl: Public infrastructure; OM: Other MDGs.

that were included in a typical country study. In most cases they were identified
on the basis of sector studies underpinned by econometric analysis and subject
to the constraints of an economy-wide model like MAMS (including the fact
that it is difficult to include finely disaggregated actions, like increasing cover-
age of certain types of vaccinations).3 Beyond per-capita real service delivery
(either public or a combination of public and private as is the case in most of
the LAC region), the determinants include other MDGs (for example, better
access to water and sanitation may improve health outcomes—MDGs 4 and 5),
as well as public infrastructure, per-capita household consumption, and wage
incentives (through the ratio of labour wages of different educational levels).
Other potential determinants (like the impact of education on health) were not
included given that their effects tend to make themselves felt only over time
periods longer than the ones covered by the country simulations.

In the equations of this module, the treatment of the education MDG 2 is
separate from the treatment for the remaining MDGs (4, 5, 7a, 7b) since, rather
than targeting MDG 2 directly, the model defines (and may target) specific edu-
cational behavioural outcomes that jointly determine the value for MDG 2.

The first three equations define arguments that enter both education and
MDG functions. Equations 67-68 define aggregate human development (HD)
services (which include both MDG and education services). For each service
type, equation 67 separates demand into two aggregates, government and non-
government, according to who is paying for the service. Typically, services paid
for by the government (non-government) are also supplied by a government
(non-government) activity, but this is not necessarily the case. Equation 68 gen-
erates an economy-wide aggregate (which below is fed into the determination
of MDG and education outcomes), permitting two alternative assumptions:
services paid for by government and non-government are perfect substitutes
(simply summed) or imperfect substitutes (according to a CES function). Equa-
tion 69 defines average real household consumption per capita ( ) as total
household consumption (both marketed and home commodities) at base-year
prices divided by total population.

The educational component consists of equations 70-79. It is disaggregated
by cycle (with three cycles as a typical level of disaggregation). For each cycle.
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educational quality ( Bls defined as the ratio between real services

student (aggregated services divided by total enrolment) in the current year and

In the base year; that is, in the base-year, educational quality is indexed to one

(equation 70). Within any cycle, the model endogenizes the following aspects of

student behaviour (or outcomes):

» the shares of the enrolled that pass their current grade, drop out, or repeat the
grade next year (referred to as pdropout and rep). Ti
Is unity—that is, during the school year, a student must either pass, drop out
or become a repeater (this applies to each grade and for each cycle as a whole).
Note that the term “pass” throughout this chapter and the model refers both
to students who successfully complete a grade and continue to a higher grade
within the cycle, and to students who successfully finish the last year of a
given education cycle (and thus graduate);

* the shares among the passers from their current grade (pass) who graduate
from their current cycle (grdcyc) or continue to a higher grade within this
cycle (contcyc). In terms of shares: grdcyc + = pass’,

* the shares among cycle graduates who exit the school system (grdexit) or con-
tinue to next cycle (grdcont).The sum of these shares is also unity
ates from the last cycle, the share of those who exit is unity; and

* the share of the cohort of the 14 year in primary school that enters school
(glentry).

Drawing on the above information, we can define the number of enrolled stu-
dents by cycle and year. Equation 71 defines the number of “old” enrolled stu-
dents in any cycle (that is, those who were enrolled in the same cycle last year) as
the sum of those who: (i) continue within the cycle after successful completion
of an earlier grade; and (ii) repeat the grade they were in last year. The number
of “new” enrolled students is defined in equation 72 as the sum of: (i) cohort
entrants (only for the 14 grade of the primary cycle); (ii) other, non-cohort en-
trants entering any cycle in the educational system; and (iii) graduates from
the relevant earlier cycle last year who chose to continue.3 The total number
of enrolled students in a cycle is the sum of old and new students (equation 73).

Equations 74-78 model the share variables that identify different aspects of
student behaviour. For each cycle, a logistic function (equation 74) defines
SHREDU, the shares for 1tyear in-cohort entry, for graduates from the current
grade, and for graduates who decide to continue to next cycle (that is, glentry,
pass, and grdcont, the elements of the set BLOG). The logistic form was selected
since it makes it possible to impose extreme (for education it is a maximum of
one) values for the function and to incorporate extraneous information about
elasticities and conditions under which target values are achieved. Another ad-
vantage is that it allows for segments of increasing and decreasing marginal re-
turns to improvements in the determinants of educational behaviour. The only
endogenous variable in the logistic function ( ), is defined in a constant-
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elasticity (CE) function (equation 75) as determined by: (i) educational quality;
(it) wage incentives, defined as relative wage gains from continued schooling
(that is, the relative wage gain that students can achieve if they complete a cycle
that is sufficiently high to enable them to climb to the next higher level in the
labour market); (iii) the under-five mortality rate (a proxy for the health status
of the school population); (iv) the size of the infrastructure capital stock; and
(v) household consumption per capita. Figure 3.2 illustrates the logistic func-
tional form for education. The observed base-year value for SHREDU is gen-
erated at the base-year value for ZEDU. The parameters of the function have
to be defined such that the maximum share is one, the base-year elasticities of
SHREDU with respect to each determinants of ZEDU is replicated and, under
values for the determinants of ZEDU identified in the database, a target level
for SHREDU is realized. In terms of the algebra, the parameters in equations
74-75 are selected as follows:
* the parameter extedushows the extreme (maximum) value (here
which the behaviour share should converge as the value of the intermediate
variable approaches infinity;

* the parameter a di calibrated so that, under base-year conditions, t
havioural share replicates the base-year value;
* the parameters p eduand tpedu are calibrated so that the two eqt

replicate the base-year elasticities of the behavioural share (SHREDU) with
respect to the arguments of the CE function; and (ii) achieve a behavioural
target (for example, a share very close to one for glentry, the share of the rele-
vant age cohort that enters first grade) under a set of values for the arguments
of the CE function that have been identified by other studies; and

ZEDU

Figure 3.2 Logistic function for education
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* the value of the parameter y ddtermines how the bas
logistic function is positioned relative to the inflection point (where the curve
switches from increasing to decreasing marginal returns as the determinants
of educational behaviour improve).

Equation 75 is calibrated so that, in the base year (under base-year condi-
tions), ZEDUIc] = sHReDu e (Note that the left-hand term enters 1
tor of the second term in equation 74.)

Drawing on the shares defined in the preceding equations, the shares for re-
peaters, dropouts, and cycle graduates exiting from the school system ( , drop-
out and gelements in the set BRES)are d
The formulation considers the fact that, as noted above, selected shares have to
sum to unity. If more than one variable in BRES has to be adjusted in relation
to one or more elements in BLOG (as is the case for the adjustment of shares for
repeaters and dropouts in response to changes in the share of graduates), then all
adjusted variables are scaled up or down by the same factor.2The share of gradu-
ates from acycle ( d)s defined as the share for the total number of passe
the cycle (pass) divided by the number of years in the cycle times an adjustment
term (since students may not be evenly distributed across grades) whereas the
residual share is assigned to graduates within a cycle (conteye) (equations 77-78).

We use the net completion rate as our MDG 2 indicator. It is defined as the
product of the relevant Is-year primary school entry rate and the pass-
ing rates (pass) over time for the cohort that graduate from primary school in
the current year (equation 79).3

The labour force participation rate is defined as the labour force (QFINS)
divided by the population in labour force age that is not enrolled in secondary
and tertiary cycles (equation 80).31 Institutional labour endowments (QFINS
for labour) are defined as the sum of the following components (equation 81):
(i) remaining labour from the preceding year; (ii) new labour force entrants
among students who exited from the school system in the previous year (with
separate terms for non-tertiary graduates, tertiary graduates, and dropouts);
and (iii) new labour force entrants from the non-student population who reach
the age at which they, to the extent that they seek work, become part of the la-
bour force. Depending on their highest completed grade, the new labour force
entrants are allocated to a specific labour category.

The treatment underlying MDGs 4, 5, 7a and 7b is similar but less complex.
For these, a logistic function directly defines the MDG indicators as a func-
tion of an intermediate variable that is defined in a related CE function (equa-
tions 82-83). The values for the parameters extmdg, cundg, p and c are
defined following the same principles as the corresponding parameters in the
logistic and CE functions for education. The arguments of the CE function are
similar except for that the relevant service supply is expressed in per-capita
form (not per enrolled student).
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Overview of MAMS data needs and sources

The data needs of the core CGE module of MAMS are similar to those of other
CGE models. Additional data (for the SAM and other parameters) is needed
primarily for the MDG module but also to capture some other extensions,
mostly related to the treatment of the government.

In an earlier section, we presented the structure of a SAM for the full (MDG)
version of MAMS, as applied in the country studies. The following aspects of
this SAM give rise to data requirements that go beyond what is needed for most
SAMs for CGE models:3(i) government consumption and investment spending
must be disaggregated into functions that correspond to policy tools for ad-
dressing the relevant MDGs and providing education at the three major levels
(primary, secondary and tertiary); (i) labour must be disaggregated by level
of education in a manner that matches the educational system; and (iii) the
SAM must include accounts for foreign and domestic interest payments. In ad-
dition, if they are important, it is also preferable to single out separate private
activities and commodities in the MDG and education area; for example, the
private sector may account for significant shares of the total supply of educa-
tion, especially at higher levels. In other respects, the SAM is very similar to
standard practice.

Other data and sources

Other than the SAM, MAMS requires data that in part coincides with those
of many other models, most importantly elasticities to capture substitutabil-
ity between factors in production, transformability of output between exports
and domestic sales, substitutability between imports and domestic commodi-
ties in domestic demand, and responses in household consumption to income
changes.

The other data requirements, specific to MAMS, are mostly due to its exten-
sions to include MDG indicators and their determinants, an extended educa-
tion module and relatively detailed government accounts. The links between
labour, education and population necessitate consistent base-year data on em-
ployment (by activity and labour type), unemployment (by labour type), and
enrolment (by level or cycle).3 The model also requires projections for the to-
tal population and the population of three age groups: the cohort of entrants
to primary school, the cohort of entrants to labour-force age and the broader
population group in working age.

Both for education (for each of the three levels) and four of the non-education
MDGs in MAMS (labelled 4, 5, 7a, and 7b), it is necessary to provide data for
base-year outcomes: in education, cycle-specific rates for entry, pass, repetition
and dropout; outside education, the rates that define other MDG indicators
(for example, the under-five mortality rate). For these non-education MDGs,
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information on the situation in 1990 is needed to define the targets for 2015.
To model how these outcomes change over time, two pieces of information are
needed: (a) base-year elasticities (linking outcomes to determinants), preferably
estimated using logit or probit models; and (b) a path for the evolution of these
determinants that makes it possible to reach a set of future values (typically
targets for 2015). This information is used to calibrate the functions so that they
replicate base-year outcomes and elasticities, reach each MDG under specified
conditions, and have the upper limits that were specified exogenously.

Finally, also for non-labour factors, it is necessary to define base-year stocks.
For private capital, these may be defined on the basis of base-year data for
rents, profit rates and depreciation rates.3For each type of government capital,
the base-year stock is defined on the basis of historical data on service growth,
investments, depreciation rates and the assumption that the capital stock over
time has grown at the same rate as real services. For other factors such as agri-
cultural land and natural resources, base-year stocks can typically be defined
so that base-year rents are normalized to unity; data on the future stock growth
is also needed—as opposed to labour and capital, growth for these factors is
exogenous.

The construction of this database requires the analysts to consult existing
SAMs and input-output tables, other standard databases (both country-spe-
cific and those of international organizations, covering national accounts, gov-
ernment budgets, and the balance of payments), surveys (of households, labour
and health conditions), and relevant research on trade, production, consump-
tion and human development, including available MDG strategies and other
analyses of the determinants of MDG outcomes. Sector-focused MDG studies
(in health, education, water and sanitation, and public infrastructure), pub-
lic expenditure reviews and other types of country-level economic studies are
often valuable sources. In the country studies for this project, it was typically
necessary to complement available studies with new survey-based research to
better understand the determination of MDG and education outcomes.3

As shown, MAMS does not replace other forms of sectoral research in human
development; on the contrary, it draws extensively on and stimulates such re-
search. Without sector studies that provide a strong empirical basis, the analy-
sis of MDG strategies in an economy-wide framework (whether MAMS or any
other) loses much of its power.

Concluding remarks

This chapter has documented MAMS, a dynamic CGE model that constitutes
the central methodological framework of this study and, together with a mi-
crosimulation model complemented with sector studies, is used to answer the
three development strategy questions posed in Chapter 1 MAMS is designed
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to analyse strategies for achieving selected MDGs and, more broadly, policies
for medium- and long-run growth and poverty reduction in developing coun-
tries. The development of MAMS is and has been driven by a strongly felt need
for an economy-wide approach to development strategy analysis that consid-
ers the different effects of government interventions, not only because of their
resource requirement but also through their impact on human development,
including the size and educational characteristics of the labour force, and pub-
lic infrastructure. MAMS is sufficiently flexible to address the key processes for
MDG achievement and other development strategies in a wide range of coun-
tries. The requirement is to link the model to country databases that capture
country characteristics; the databases may vary widely in terms of disaggrega-
tion. The development of such a database, undertaken for the country studies
in this volume, requires a considerable research effort. At the same time several
aspects of MAMS were further developed to better accommodate many of the
specificities of LAC countries.

In the country studies of this volume, MAMS is first used to generate a bench-
mark, business-as-usual scenario for a period that typically starts around
2000 and ends in 2015; as indicated by its name, the aim of this scenario is to
represent a plausible projection into the future, drawing on recent trends. As
a second step, MAMS is used to simulate a set of alternative scenarios un-
der which growth in government MDG services is adjusted endogenously to
achieve selected MDGs under alternative financing policies. The scenarios tar-
get different combinations of MDGs 2 (universal completion primary school),
4 (reduced under-five mortality rates), 5 (reduced maternal mortality rates) and
7 (improved access rates for water and/or sanitation). The alternative sources
for the additional financing are grant aid, foreign borrowing, domestic bonds
and direct taxes.

As the analysis in Chapter 2 made clear, the results vary systematically de-
pending on the targets, the financing mechanism, the initial starting point (how
far is the country from achieving the MDG) and overall macroeconomic con-
ditions (including GDP growth under the base or business-as-usual scenario).
The country analysis shows that reliance on foreign financing tends to appreci-
ate the real exchange rate, increase import growth and reduce export growth.
Real exchange rate appreciation is more significant if the spending increase
primarily is directed toward non-tradables (the case for most scenarios except
for those that target the water and sanitation MDGs, which tend to be rela-
tively more investment- and import-intensive). Among the two foreign financ-
ing alternatives, grant aid differs in that it does not leave the country with a
debt that requires interest payment and may be the source of sustainability
problems. This form of financing of the MDG strategy does not adversely affect
private consumption or private investment as is the case in taxation or domes-
tic-borrowing strategies of increased MDG-related spending. Under the do-
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mestic financing alternatives, government expansion leaves fewer resources in
the hands of households and the private sector. When a government expansion
is financed via direct taxes, for example, household disposable income declines,
with a stronger reduction (in value terms) for private consumption than private
savings and private investment. The government will likely have to spend more
to make up for a reduction in private MDG-related spending, rendering this al-
ternative more expensive (compare Chapter 2). Other things being equal, GDP
growth may suffer slightly. Poverty reduction is compromised in the short run
while the medium-run results up to 2015 are very heterogeneous.

The effects of the simulations on the labour market are also systematic. For
the scenarios that target MDG 2, labour force growth declines in the least edu-
cated segment and overall but expands for the more educated segments; these
effects are particularly strong in countries that start out with the lowest educa-
tional achievements. Accordingly, wages grow more strongly while unemploy-
ment declines for the least educated. However, this tendency is mitigated given
the fact that MDG strategies also tend to generate more rapid demand growth
for more educated labour. Overall, the gains in productivity and average wages
from having a more educated labour force are considerable, both for the nation
and for the workers who climb the educational ladder.
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Appendix A3.1

Mathematical statement of MAMS

Table A3.1 Sets, parameters, and variables for core CGE modules of MAMS model

Symbol
SETS

aeA

a e ACES (c A)
ae ALEO (¢ A)

ce C
ce CD(c C)

ce CDN{aC)
ce CE(cz C)

ce CEN{a C)

ce CECETN(ce C)
ce CINF(cC)
ce CA/(c C)

ce CMN(cz C)

ce CT(ee C)
f.f'eF

f e FCAP(e F)

f e FCAPGOV(e FCAP)

fe FEXOG(ce F)

fe FLABN(a F)
fe FUEND(czF)
he H(cINSDNG)
ie INS

ie INSD(ce INS)

ie INSDNG(c INSD)

Explanation

activities

activities with CES function between Value Added and
Intermediate inputs

activities with Leontief function between value added
and intermediate inputs

commodities

commodities with domestic sales of domestic output
commodities not in CD

exported commodities

commodities not in CE

exported commodities without CET function
infrastructure commodity

imported commodities

commodities not in CM

transaction service commodities

factors

capital factors

government capital factors

factors with exogenous growth rates
non-labour factors

factors with endogenous unemployment

households (incl. NGOs)
institutions (domestic and rest of world)

domestic institutions

domestic non-government institutions
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Table A3. ! (cont'd)
Symbol

1€ INSNG(alNS)
(f,a)e MFA
te T

aneconomy-wide modelfor analysis of MDG country strategies

Explanation
non-government institutions

mapping showing that disaggregated factor fis used in
activity a

time periods

PARAMETERS—LATIN LETTERS

capcompcf
c\vtsc
depty
dintta t )
chvts,
fdebtrelief,
fdi,,
finirait
fintratdue|
fPrd/
gbdisti

gfcfshiyJt
icaca
icdc,.,

icec.c,

faf'O
igfcj.,

intaJ

guantity of commodity ¢ per unit of new capital f
weight of commodity c in the CPI

depreciation rate for factor f

interest rate on government bonds for domestic
institution i

domestic sales price weights

foreign debt relief for domestic institution i

foreign direct investment by institution i (rest of world)
(FCU)

interest rate on foreign debt for domestic institution i
(paid)

interest rate on foreign debt for domestic institution i
(due)

productivity of factor fin activity a

distortion factor for government borrowing from
institution i

share of gross fixed capital formation for institution iin
capital factor f

guantity of ¢ as intermediate input per unit of aggregate
intermediate in activity a

trade input of ¢ per unit of commodity ¢’ produced &
sold domestically

trade input of ¢ per unit of commodity ¢’ exported
trade input of ¢ per unit of commodity ¢’ imported

quantity of capital f per unit of government activity a

guantity of gov consumption per unit of gov
infrastructure capital stock f

quantity of aggregate intermediate input per unit of
activity a

10
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Table A3.1 (contd)

Symbol

ivaa

mpsOl'
mpsbar
poptot,

P

p\vsecl

gdstec.i<

qecj
gfhhtotf

gfinsadji f,

rqgadjcc,t
shiiu.
lao,

teck

tfpOlal
tfpelasgga f,
tipelastrda

tfptrdwt”.

tgap.r

tinsOlj

Explanation
quantity of value-added per unit of activity a

0-1 parameter with 1for institutions with potentially
flexed direct tax rates

Exogenous component in savings rate for domestic
institution i

total population by year
import world price of ¢ (FCU)
world price for export substitutes (FCU)

guantity of stock (inventory) change

export demand for c if pwe = pwse (world price for
substitutes)

total household stock of exogenous, non-labour factors

exogenous factor stock adjustment

per-capita quantity of exogenous-supply factor f by
institution i and year t

parameter linking government consumption growth
across commodities

share of net income of i’to i (i—INSDNG)
tax rate for activity a

export tax rate

direct tax rate for factor f

0-1 parameter for activities with endogenous TFP growth

elasticity of TFP for activity a with respect to
government capital stock f

elasticity of TFP for a with respect to GDP trade share

weight of period t’ in tfp-trade link in t

gap between tand t’ (years used for calculation of
expected growth rate for QA)

0-1 parameter with 1 for institutions with potentially
flexed direct tax rates



MAMS: aneconomy-wide modelfor analysis of MDG country strategies 103

Table A3.1 (contd)

Symbol Explanation

tinsbar f exogenous component in direct tax rate for domestic
institution i

1me import tariff rate

iac) rate of sales tax

irnsfr,.., Exogenous transfer front institution i’ to institution i

trnsfrfr Exogenous transfer from institution i' to factor f

trnsfrpc _per-_capllta t_ransfers from institution i' to household
institution i

naa, rate of value-added tax for activity a

PARAMETERS— GREEK LETTERS

shift parameter for domestic commodity aggregation

Olacc .
function
a 'aat exogenous component of efficiency (TFP) for activity a
Gqc Armington function shift parameter
a'c CET function shift parameter
. marginal share of household consumption on home
PW.A commodity ¢ from activity a
marginal share of household consumption spending on
Pmen marketed commodity ¢
baca share parameter for domestic commodity aggregation
function
Armington function share parameter
8« CET function share parameter
£ vaf CES value-added function share parameter for factor fin
val-a activity a
per capita household subsistence consumption of home
yacH commodity ¢ from activity a
h per capita household subsistence cons of marketed
Y commodity ¢
P aCc domestic commodity aggregation function exponent

P O Armington function exponent



104 Public Policies for Human Development

Table A3.1 (contd)

Symbol

PNV

P vaa

Kc
VARIABLES
ALPHA /g,

ALPHA VA%,

CALTFPG,

CPI,

GBORMS;jj
GBORMSTOT,
GBORit
GBORTOT,
DKGOVA,
DKINS,j |,
DMPS,
DPI,
DTINS,

EG,

E",,

EXR,
FBOR(

FDEBT,

Explanation

elasticity of savings rate with respect to per-capita
income for institution (household) h

CET function exponent
CES value-added function exponent

yield of output ¢ per unit of activity a

efficiency parameter in the CES value-added function

endogenous TFP trend term by a

calibration factor for TFP growth

consumer price index

implicit government Central Bank borrowing (deficit
monetization) from institution i

total government Central Bank borrowing (deficit
monetization)

change in holding of government bonds for domestic
institution i

total change in holding of government bonds

gross government investment in f

gross change in capital stock (investment in) f for
institution i

uniform point change in savings rate of selected
domestic institutions

producer price index for non-traded output

uniform point change in direct tax rate of selected
domestic institutions

government expenditures

consumption spending for household
exchange rate (LCU per unit of FCU)
foreign borrowing for domestic institution i

foreign debt for domestic inst i
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Table A3.1 (cont'd)

Symbol Explanation
FGRANT, foreign grants to domestic institution i (FCU)
GDEBT" endowment of government bonds for i
GDPREAL, real GDP at market prices
GDPREALFC, real GDP at factor cost
GSAV government savings
INSSAV savings of domestic non-government institution i
INWAL investment value for institution i
MPS marginal propensity to save for domestic non-gov
. institution i
MPSADJ, savings rate scaling factor
PA activity price (unit gross revenue)
oddc demand price for commodity ¢ produced & sold
' domestically
PDSCY supply !orice for commodity ¢ produced & sold
domestically
PE_ export price (domestic currency)
PINTA aggregate intermediate input price for activity a
PK,.. price of new capital stock f
PM import price (domestic currency)
pop,, population by household
pQc, composite commodity price
PVA value-added price (factor income per unit of activity)
PVAAVG, average value-added price
PWE export world price of c (FCU)
PX. . aggregate producer price for commodity
PXAC, , price of commodity ¢ from activity a

105
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Table A3.1
Symbol

QD,
QF,...

QFINSI/t

QG,
QHl,

QINTA"

QMT,,
QINV,
QK,
ole}

Qe

QVA,

QX,,

QXACac,
QGGRtV,

QGGRWC,

SHIF,,
TINS

TINSADJ,

TRDGDP

TRIL, 1,

(contd)

Explanation

guantity sold domestically of domestically produced c
guantity demanded of factor f by activity a
real endowment of factor f for institution i

guantity of government consumption of commodity c

guantity consumed by household h of marketed
commodity ¢

guantity consumed of home commodity c from act a by
hhdh

quantity of aggregate intermediate input used by activity
a

guantity of commodity ¢ as intermediate input to activity
a

guantity of investment demand for commodity ¢

guantity of imports of commodity c

guantity of goods supplied to domestic market
(composite supply)

guantity of trade and transport demand for commodity ¢
guantity of (aggregate) value-added
aggregated quantity of domestic output of commodity

guantity of output of commodity ¢ from activity a

real government consumption growth forall cin t
relative to t-1

real government consumption growth of ¢ in t relative to
t-1

share of institution i in income of factor f

direct tax rate for domestic non-government institution i
direct tax scaling factor

foreign trade as share of GDP

transfers from institution i' to i (both in the set INSDNG)
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Table A3.1 (cont'd)

Symbol Explanation

WE | average price of factor
WFDIST., wage distortion factor for factor fin activity a
WFREST t reservation wage for factor f

YF,, income of factor f

YG, government revenue

Yln income of domestic non-government institution

YIF income to domestic institution i from factor f

if.l

YI/NT interest payment on government bonds to institution i
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Table A3.2 Equations for the core CGE module of MAMS model

# Equation Domain
Price Block
PMCJ = pwmct & 1+tmCJ )e ceCMR+ Y (PC
@) ceC teT
PEC] = PWE w1 leLm ce CE KE
(@ PDSct > PEct ce
. (CDn
b )QEt O (c)(PDSct-PECct)\QECJ-Qi)=D
3) CECETN)
Complementary slackness relationship: teT

1 If domestic price exceeds export price then export quantity is zero.
2. Ifexport quantity exceeds zero, then domestic price equals export price

PDDct = PDSQ +  ~PQcj sicdc*cij ceCD
(4) ceC teT
ce
(5) teT
PXCJ+*QXCJ = PDSct+QDct + PEct*QEC) ce
teT
pAat o PXACactmac ae A
(7) ceC teT
g PINTAa,= PQ tmcaca ae A
( ) ceC teT
9) o(1- =PVAgj «0 N + PTNTA™ QINTAa, ae A
teT
CPIt=X f'&.i cuwc teT
(10) ceC
DPI, = pDSct -dwtsc teT
(ID ceCD
Production and trade block
(12) teT
QINTAa =inlaa mQAat aeALEO

(13) teT
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Table A3.2 (cont'd)

#  Equation Domain
1 aeA
\—P\ea teT
(14) QVAa{= ALP X ~dPrd\al QFf,aj)
(fzF 7
WFEftsW F D I S T rtaut = PVAaJ\\-tvaat)Q a€A
feF
t ril
teT
(15) X Ba \a -(fPrdf \a,tmQF \a,t) P
A %eF j
QINTCat=icaca QINTAat ceC
aeA
(16)
teT
QXACac[+ X QHAaj I t= ceC  xe0Aaj
aeA
(17) heH
teT
i ce
f g p°C (CEuUCD)
(18) QXcj ~oacce 18 *tae«c;5° teT
~NE
aeA
(19) 0X4C"2"") o X4 1 ceC
PXct teT
1 ce(CDn
(200 QXC[ oicei6fc-0£P}+r7-5ic;-0Z)P})" CECET)
teT
1 ce(CDn
(1) QEct_ PEct 1-8r Pcl CECET)
QPgl <PPEct 8l teT
QXct—QDcj + QEct ce
(CDnCEN)v
(22) (CEn CDN).

(CDn CECETN)

teT
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Table A3.2 (contd)

#

(23)

(24)

(25)

(26)

(27)

Equation

' PWECt "P'C

£c,t ect*
Q y , Pwsect ,

1

QQc,t=~ 5¢c QM p+(I-61c) QDepr ) P*

QMctJ PDDct o6 W t
qdcd pmcj ;-8,cJ

QQcj ~Q°c,t * QMct

i (icmc,c\t m
c'eC

Domestic institution block

(28)

(29)

(30)

(1)

(32)

YFFJ A :><NFft u

ae

SHIFjf , =
J" QFACINSTjj
i’€INS

«

=g —

»

YIINT], = gintratj , IGDEBT] t -

77211, >t = shiii r ¢1-

QMc\t

QFAcmsu,

+icec,c\t 'QEc\t +icdc,c

WFD,STf.aJ'QFf M +

MPSp t)-( 1-

Domain

ce CED
teT

c e
(CMnCD)
t er

ce
(CMnCD)
leT

c€

(CDNn CMN)K

(CMn CDN)
teT

ceCT
1%@9&)

feF
teT

ie INS
feF
teT

ie
feF
teT

ie mEXRt
INSDNG

teT

ieINS
i’e
INSDNG
teT
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Table A3.2 (contd)

aneconomy-wide modelfor analysis of MDG country strategies

Equation Domain
Ylj= X rav,/,,+ X TRIIjj", + YIINT,t i €
feF i INSDNG INSDNG
teT
(33) +rnsfri g0Vt CPI, +trnsfrpci gov] m
+tmsfrirowt m EXR,+tmsfrpci rowtm mEXR,
TINSI = tinsbarjs]l + BinsOljj + DTIRISt
(34) INSDNG
teT
- |6
MPSj,: ((. (I - T|NSIJ-? 17,,, INSDNG
(35) POPI) teT
(i+ mpsad#mpsOf) + mpsOf
36) INSSA Wi = MPSite(l- TINSI,) 1eINSDNG
( he H
37) EHhj = teT
ie INSDNG
J=POP] cec
QHcl = I,,r he H
S teT
(38) p-Cfz° '5', PQc't "Yno',h~ AX AX YXAC(c ®Fac
pop c’eC aeAc'eC
Ych.
aeA
Q MaxXt =POPhj
ceC
IT p \\ he H
. POPHK c'eC teT
Pac/i'
(39) X \c '7a'ci
. a‘eAc’eC
Yacli
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Table A3.2 (cont'd)

#  Equation
rc,= y TiNSumn,j + Yd'ffj-YFfj] +
ieINSDNG feF
Y, taaj * ‘QMaj +
Y, tyaaj '~ *2 VAq[+
A
(40) ae.
X tmcjEPwmcjrQM gL+
ceCM
y ~c/*PWEci *QECt£A /74  ttfcj ‘PQcj "QQcj +
ceCEt reC
YIFgov.f.t - TRIlgoyj, + '
feF ieINSDNG
EGt= Xp&.' O Ge,f+ X CPIt
ceC ie/NSDNH
+ X trnsfiPcpop lu trnsfrrow gov | m
(41)
he H
+ N gintratysGDEBT + finiraig0Y't mEXR,
ieINS
(°Gf / = ¢ 1+ £2GGEHT, + ~01Ci..,
(42) ceC
QGct= X isfcj
(43) ie/NS
feF

(44) GSAV,=YG,-EGt

Domain

teT

teT

ceC
ce C/NF

teT

t>1

ce CINF
teT
t>1

teT
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Table A3.2 (cont'd)
# Equation

Investment block

(@) DKGOVj§ > £ ifafaJ EXP In QA& )
2eA YVEMRA el
f eFCAPGOVSER
\
\+2qg()Ifcj-QGGR\VCct QFINSgOVT |

R/ ceC J /

feFCAPGOVINF

(45) QFINSgovjj "(1—depr/j)
(b) DKGOVj'i> 0
(c) (DKGOV ft- DKGOVDEMT t)+(DKGOV ft- 0)=0
where DKGOVDEM f t = right-hand of part (a) of Equation 45
Complementary slackness relationship:
1.1f government investment exceeds its demand then this investment level is zero.
2. If the government investment level is above zero, then it equals its demand.
DKINSgovft = DKGOVfj
(46)
(47) PKf.t = X capco
ceC
£ PKf, DKINSgm.f ,=GSAV,- PQC, qdstcgov, + GBORTOT,
feFCAPGOV ceC
(48)
+GBORMSTOT,; +|(FBOR + FGRANT |
I 6 gey gov. B
] gbdistj INSSA If,
GBOR, = o GBORTOT,
(49) gbdistj'- INSSA If,
1€ INDENG
) ghdistj INSSA \f,
GBORMSj, = o — GBORMSTOT
(50) | gbdistj'- INSSA If, '
fe INSDNG’
INVVALj,=INSSAIf, - £ PQC, mdstci, -

-GBORMS;j t +(FBOR +FGRANTIt +fdiit) EXRt

aneconomy-wide modelfor analysis of MDG country strategies

Domain

fe
FCAPGOV
teT
t>1

fe
FCAPGOV
teT
t>1
f e FCAP

teT

teT

ie
INSDNG
teT

ie
INSDNG
teT

ig INSNG

teT
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Table A3.2 (cont’d)

#  Equation Domain
Investment block
PKft DKINSi ft= gfcfshrjit mINVVAL,, 1€ INSNG
(52) f e FCAP
teT
f > ceC
(53) QINVct= £ capcompcr DKINS, f , teT
feFCAP{ ieINS
X X teT
\J I / " EXR, EXR"'
~\ ~trns~" sFEEBT]j
(54) ieNSD
= ]T PWEct QEc,t+ X tmsf Xtr,ISf PCh.rowJ =F
ceCE ' ielNSDNH heH
+ X tmsf if,row, t+ X ( »V+ Ar7’[4) +
feF ieINSD
55) ~L<2rU j={\-UERATfJ\ £ QFINSjj, feF
ae A is INS teT
I*
(56) fB*rc, f f (\UERATTt) I CPI, RAEND
[% verat™ \ CPIO J teT
(a) WFf t>WFREST t 1€
(b) UERA Tf t > ueratminp t REND
57) () [WFft- WFREST tJs|JUERATf t- ueratminf t)=0 teT
Complementary slackness relationship:
1 If wage exceeds reservation wage then unemployment rate is at its minimum.
2. If unemployment rate exceeds its minimum, then wage equals reservation wage.
Asset stock updating and productivity block
(58) QQct = XQ,NTca<+ X + QGct + + X «*'CAr +ey, ceC

aelt li€]]

teT
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TableA3.2 (cont'd)

#  Equation

QFINSjj, = @- deprft_xmQFINSiJt_x+ DKINSiJt. x+

aneconomy-wide modelfor analysis of MDG country strategies

Domain

i G/jVS
| ¢ FOl/*
teT

>l

i e IMS2)
teT
t>1

1G
INSDNG

teT

/>1

teT

aeA
teT

/>1

tfhT4Y)

teT
/>1

(59)
FDEBTIt = B FBORIt_x
©60) ., (rintratduCj t I- fintrat; rjsFDEBTI t_x-
GDEBT]j j = GDEBT] + GBORj f j
(61)
GDPREALj = £ XPQ CQHcXt+Y, Z Z PXACa.cQHAacl,t
ceCheH aeAceC heH
(63) +Y ,pQc QGc4+Y,PQ°c QINVc,t+yIZ
ceC ceC cede INS
+ £ PAT?0 P(EE? QEct- £ PXR° Pliwf QMct
ceCE ceCM
tfpelasqgaf ,
£ QHNSLjj
AT D M Flgiqj —AT DUAL/AL ieINS
feFCAP ro/s7rn
¥Vs
(64)
. tfpelastrda
y tfptrdwtj f>TRDGL>p *
teT
TRDGDPO
K J
ALPHA VA2at= ALPHA VA2al.j (I + avaga
(65)
(66) GDPREA LFCt= P VA® <1 - tvaai) QVAa{eT

aeA
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Table A3.3Notation for MDG module of MAMS model

Symbol Explanation

SETS

ae A activities

be B student behavioural characteristics ={rep = repeater;

dropout = dropout; pass = pass; grdcont = continuing
graduate; grdexit = exiting graduate; glentry = entrant to
grade 1; grdcyc= pass from last cycle-year; contcyc = pass

within cycle}
be BLOG (cfi) student behaviour determined by logistic function ={pass,
grdcont. glentry}
be BRES(cB) student behaviour determined by rgsidual_s_caling ={rep =
repeater; dropout = dropout; grdexit = exiting graduate}
€ C commodities
ceCEDU (czC) education services ={c-edup = primary; c-edus =

secondary; c-edut = tertiary}; can include both private and
public education

ce ERXcC) tertiary education services = {c-edut}
ce CELA educational cycle that corresponds to the age at which non-
students would enter the labour force
ce CHLTH(cC) health services (public) ={c-hltlg = low-tech; c-hlt2g =

medium-tech; c-hlt3g = high-tech}; corresponding private
health services labelled with “ng”

cmdge CMDG aggregate MDG (non-education) service commodities =
{c-hlt = aggregate health in MDG functions, not in C; c-wtsn
= water-sanitation services}

ce CIVTSN (cC) water-sanitation service commodities{c-wtsn = water-
sanitation services}

eduarge EDUARG arguments in CE function for educational behaviour
={edu-qual = quantity of services per student; w-prem
= semiskilled-unskilled wage ratio; w-prem2 = skilled-
semiskilled wage ratio; mdg4 = under-five mortality rate;
fcapinf = infrastructure capital stocks; ghpc = per-capita
hhd consumption}

fe FEXOG factors with exogenous growth

fe FLAB labour factors {f-labn = less than completed secondary
education; f-labs = complete secondary education (without
completed tertiary); f-labt = completed tertiary education

lie H households (excl. NGOs) ={h = the single household}
ie INSG government institution

ie INSNGAGG aggregate (domestic) non-government institution
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Table A3.3 (cont'd)

Symbol
b,b'e MBB

M ‘e MBB2

c,c'e MCE

c,c'g MCHDC
c,c'eMCM

mdg ¢ MDG
mcyc(c, b, t\t)

mdge MDGSTD

f.,ceMFC

mdgarge MDGARG

te T
te Til

PARAMETERS

aedub.c

QLeduceb e

amdShtg

am cemdg

cLltdc

$ eduh.c

Explanation

mapping between b (in BRES) and b’ (in BLOG): = {(rep,
dropout).grd, grdexit.grdcont}

mapping between b (in BRES) and all elements b’ (also in
BRES) that are related to the same element(s) in BLOG:
={rep.(rep, dropout), dropout.(rep. dropout), grdexit.grdexit}
mapping private and public education into 1education
commodity, by cycle = {c-edup.(c-edup, c-edupng)} where
c-edupng is private primary;similarly for c-edus and c-edut
human development service c is aggregated to ¢’

mapping between aggregate (CMDG) and disaggregated
MDG service commodities (CHLTH and CWTSN) = {c-hlt.
(c-hltlg, c-hlt2g, c-hlt3g, c-hltlng, c-hlt2ng, c-hlt3ng} and
{c-wtsn.(c-wtsn)}

selected MDG indicators =jmdg2. mdg4. mdg5. mdg7a,
mdg7b(

MDG?2 in tis defined as the product over selected
combinations of band t’ (where * e »11)= jpass, glentry}

MDG indicators =!mdg4 = under-5 mortality rate; mdg5
= maternal mortality rate; mdg7a = access to safe water;
mdg7b = access to basic sanitation}

mapping indicating that students who have completed cycle
¢ belong to labour type f ={f-labn.(c-edup): f-labs.(c-edus);
f-labt.(c-edut)}

arguments in CE function for MDGs ={cmdg = agg
commodities; mdg = different MDGs; fcapinf=
infrastructure capital stocks; hhdconspc = per-capita hhd
consumption }

time periods

time periods including preceding years for MDG?2
calculation

constant in logistic function for educational behaviour
constant in CE function for educational behaviour
constant in logistic function for MDG achievement
constant in CE function for intermediate MDG variable
efficiency term in CES aggregation function for human

development
constant in logistic function for educational behaviour
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Table A3.3 (cont'd)

Symbol

$ Iy
bhdi

Vedcedag
rmugntbag

y edhc

| nfrmog

p Me

dePrfJ
discrat

extedub
extmdsnjg
grdcontOlcc.
ord.
Popgl,
poplabt
poplabent,
poptol,

qglentncohd

shrdemotOlg.:.
sht'edbc

shrgrdcycc

Cc

Explanation
constant in logistic function for MDG achievement

share parameter for HD CES function

elasticity of behaviour b in cycle ¢ with respect to argument
eduarg in educational CE function

elasticity of mdg with respect to argument mdgarg in CE
function for MDG

parameter in logistic function for education
parameter in logistic function for non-education MDGs

exponent in CES aggregation function for human
development

depreciation rate for factor f

discount rate

maximum share for educational behaviour b in cycle ¢

maximum value for MDG 7a and 7b; minimum value for
MDG 4and 5

0-1 constant showing that for ¢’ next cycle isc
ordinal position of tin the set T

population in age cohort entering grade 1
population of labour force age

population in age cohort entering labour force (age at end of
a model education cycle)

total population int

number of non-cohort (non-Ist-year-primary) entrants to
first cycle

share of domestic institution i in income of factor f

0-1 parameter showing that for dropouts from c' the highest
cycle isc
base-year share for behavioural indicator behav in cycle ¢

share of graduates (passing students) graduating from cycle
c in base-year
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Table A3.3 (contd)

Symbol

shrlabentc,
sh)1abent2j f

yrcycc

VARIABLES
EDUQUAL;|

EG,

INVVAL,,

M D G V A LmIigl

PQc

QENR,

QENROLD j

QENRNEIV ,

QFACINSIf,

QHcX,

QHAacht

OHPC,

QQa
QXHLTHmagl
SHREDUhcl

WFfd

ZEDU hct

Z M D G mdgl

aneconomy-wide modelfor analysis MDG country strategies

Explanation

share of drop-outs and leavers in cycle c that enter the labour
force

share of labour type f of labour force entrants without
education

years in school cycle for each education cycle ¢

educational quality in cycle ¢ in year t

government expenditures

investment value for institution i

value for MDG indicator mdg in t

price of commodity c in t

price of commodity ¢ from activity a

total number of students enrolled in cycle ¢ in year t
number of old students enrolled in cycle ¢ in year t
number of new students enrolled in cycle ¢ in year t
endow ment of labour type f for institution i int
consumption of commodity ¢ in t by household h

guantity consumed of home commodity ¢ from activity a by
household h

Per-capita household consumption in t

guantity of goods supplied to domestic market (composite
supply)

government and NGO provision of aggregated health
services related to health MDG

share of students in cycle ¢ with behaviour b in t
economy-wide wage for factor fin t

intermediate variable for educational outcome (defined by
CE function; entering logistic function)

intermediate variable for standard MDGs (4-5-7a-7b)
(defined by CE function; entering logistic function)

11¢
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Table A3.4 Equations for MDG module of MAMS model

#  Equation Domain
QHDcJJ= £ QGC\t+£ ceC
(67) ceC c'eC 1€/
[ >evicHDC [c.c®eMCHDC teT
u JeINSG u \ieINSNGAGG
1 ceC
QHDA GGG —ph - bhigj QHD2|A) PH el
(68) ieINS teT
it
+.XQHDt ceCHDPRFSUB
ieINS
teT
Z X<t onewr 2L L
69 iDf' i
(69) wln'IDLf _ ceClieH aeAceC heH
poptot,
. " ceCEDU
EII:DIf)JL?dI'}RLciQ HDAGGc [/ gh DACPﬁch'Rj'
(70) teT
t>1
QENROLD&=SHREDUconigCci_jiQENRCA | + ceCEDU
(71) SHREDUrepc, iQENRcC, i teT
/>1
QENRNE\VCt =SHREDUg\entrvc (.] popg\t+ gg\entncohct ceCEDU
teT
(72)
+ £ grdcont()icc-n SHREDUgrdconlcl.jaSH REDUgrjcycctF_ilQENRc t
ceC
QENRc t=QENROLDct + QENRNEWCct ceCEDU
(73) teT
t>1
be BLOG
OH RIEDU L £ #—Calledh > © °Ap'c
(74) *  1+EXPfate +~ hc1ZED uhxy) ceCEDU
teT
beBLOG
zep Wct =crbe ( ED HA Lct
ceC
( IJ/r \(p f I’jl’ prem
WFf-labs, t f-labu G jreduh ref4 €T
(75)  KWFf-iabnj » WFf-hbsl
\Felhcf
n £ 2 QF/NSjj, Q H P ¢ feduhoghece

/ eFCAPGOVINF\iel NS j
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Table A3.4 (contd)

Equation Domain
b 6 BRES
sHReDUR ce CEDU
(76) SHREDUbcJ = 1- £ SHREDUb'A ' e T
b'eBLOG SHREDUb'c
\(b,b~)eMBB b'eBRES
i(b.b~eMBBI

:SHREDUp*, c€ CEDU

X \-SHRED Upasc teT
(7)) SHREDU ~ SHREDUpass et 3Pguyq
grdcyc,cj
yrcycc
yrcycc J
SHRED Ucontcyc.c.t ~ SHRED SHRED ¢ eCEDU
(78)
teT
MDGVALMjg2t — ’ teT
(79) beB.t'eTI
\mcyc :9)
£ QFINSiJj teT
t>1
flab
@) | ABPARTRAT = 8 we
poplabt- ~ QENRc.t FEXOG
ceCELA
i eINS
QFINSi f t :sh'lrplfj *< £ OQFINSrJj { f e FLAB
i'eINS teT
o shrdemotOf c*eshrlabentc f t> 1
c,c gC (f.c)eMFC
nceCEDUT
SHREDUA *SHREDU~~  QENRci_{
(81) (.c)eNFC (shruaad, m SHREDUgrdcycct MQENRct_x)
ceC nceCEDUT
*X(f CBhriabentc,t ® SHRE' QENRCc,t-\)

ceC nceCEDUT

tshrlabent2¢ 4 poplabent,- ~  QENRNE\Vc|
ceCELA
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Table A3.4 (cont'd)

# Equation Domain
nige
MDGVALTfjjg J= e\tmdgnjj 2 + , N X
(82) A e EXP{frdSdg + Pmdgmdg ZMDGmdgt) MDGSTD
teT
( yegorg  MOE
MDGSTD
ZMDGmdg,- Qrehdg m 19 n teT
eulgiICMDG ftc
K(cmdg,c)eMCM }
\ )
(83) r \<RmmdgJ
n X QFINS>ft
f FORGINFIANS>
f \
MDGVAIiy™d"1¢'mdg’
nuig'sMDGSTD ?!
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Notes

1

A complementary, less comprehensive presentation of MAMS is found in Bourgui-
gnon and others (2008). Lofgren (2008) presents a simplified mathematical statement.

For more details, see Bourguignon and others (2008).

The starting point for the MDG module is the MDG model in Bourguignon and others
(2004). All of these models are coded and solved in the General Algebraic Modeling
System (GAMS).

The SAMs used in the country studies are invariably more disaggregated in three re-
spects: (a) government activities, commodities and investment accounts are split by
government function; (b) the interest account is split into two, one for interest on do-
mestic government debt and one for interest on foreign debts; and (c) the tax account is
split into separate accounts for direct, import, export, value-added, and other domestic
indirect taxes (of course, in some of the applications, some of these tax types may not
exist). In contexts outside this project, MAMS has also been implemented without the
MDG-education module.

The SAM (and MAMS) may also include accounts and entries representing home con-
sumption and transactions costs associated with the commodity marketing (of imports
from the border to the demander; of exports from the producer to the border; and of
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domestic output for domestic sales). For a more detailed discussion of the treatment of
these aspects of the SAM. see Lofgren and others (2002, pp. 3-7).

In addition to the current entries, it is not uncommon that the government owns part
of the capital stock and earns part of operating surplus.

Given this assumption, it is not necessary to model how the endowments and invest-
ments of different institutions (households, government and the rest of the world) are
allocated across different private capital types (perhaps disaggregated by sector); this is
a key advantage given limited knowledge of the mechanisms that determine the evolu-
tion of this distribution over time.

MAMS does not separate enterprises from other domestic institutions. In the SAM.
these would have been linked to factors (enterprises receive factor incomes, reflecting
their ownership of non-labour factors), “other” institutions (direct tax payments and
transfers reflecting institutional ownership of the enterprise) and enterprise capital ac-
counts (which spend on investments). In the country databases, these “other” institu-
tions (primarily households) directly receive the factor transfers while assuming the
savings and direct tax payments that otherwise would have been done by the enter-
prises. Other SAM payments are not affected.

The SAM and MAMS may also include direct taxes levied on factor incomes (repre-
sented by payments from factor accounts to the tax account).

To verify these statements and for more details, see Agénor (2004. pp. 11-22), Rao and
Nallari (2001, pp. 25-32, 176 and 168), and Barth and Hemphill (2000, pp. 71-74 and
101-106).

For example, in Table A3.2, the domain column of equation 1shows that this equation
does not apply to all commodities; it is limited to commodities with imports.

Apart from the fact that variables are time-indexed, most of the core CGE module
is similar to the IFPRI standard, static CGE model described in Lofgren and others
(2002).

In GAMS, a model formulated as an MCP (mixed-complementarity programme) can
handle a combination of equations that are (a) strict equalities; and (b) inequalities
linked to variables with lower limits in a mixed-complementarity relationship.

The GAMS code permits the user to choose either the CPI or the price index for non-
tradables as numéraire. As long as the model is homogeneous of degree zero in prices,
this choice has no impact on the equilibrium values of real variables. This homogeneity
condition is not met under macro closures with fixed savings or domestic borrowing
for the government. In these cases, it is implicitly assumed that the fixed variables are
indexed to the numéraire.

Some of the country applications include a private regulated sector (typically a utility)
for which behaviour deviates from the assumption of profit-maximizing output and in-
put demand (including capital use) given market prices and rents. Each regulated activ-
ity has its own capital stock —otherwise, there is only one private capital stock, which
is mobile across private activities. For regulated activities, output prices, investment and
capital use are exogenous; production is demand-driven at fixed output prices. Their
capital stocks earn an endogenous, residual share of value-added which most likely
deviates from the market rent; other factors earn market wages.

MAMS also permits the alternative of a CES aggregation of the real aggregates of
value-added and intermediates. The choice does not tend to have a major impact on
results. Most country studies used the Leontief alternative.

Nevertheless, the model accounts for the fact that government capital stocks indeed are
needed in government activities by imposing investments derived from a Leontief-rela-
tionship between government activity levels and related capital stocks, with the stocks
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being defined on the basis of initial stocks, investment and depreciation (see equation
45). In the exceptional cases when the SAM indicates that government capital earns
value-added, this value-added is a fixed share of the total value-added of the activity
(in effect equivalent to a tax on value-added), not related to any market rent.

@&y (a term for government consumption growth that is not commaodity-specific)
is flexed if the absorption share of total government consumption is fixed. (
(a term for government consumption growth that is commodity-specific) is flexed when
some target influenced by this specific government service (c) is fixed for year t. For
the most straightforward case, qgOl  (, a parameter for mapping one c¢ to another, is 1

when c= tand zero otherwise. If the analyst wants one or more kinds of ¢

consumption to grow in tandem with another, more than one may have a value of 1

for any given c'. In either case, each d linked to only ¢

Among these, only part (a) is an explicit equation in the GAMS code. The non-neg-

ativity constraint on Bihandled via a lower limit on this variable. -

plementary-slackness condition is imposed by associating the first equation to the
D@&W¥ariable in the GAMS model definition.
In GAMS, the treatment is more general, giving the user the option to assume that the
rate of expected output growth is the same as the rate of simulated output growth dur-
ing the last 1,2 or 3 years.
For public infrastructure, actual QG (government service level) is determined by the
current capital stock (see equation 43). In equation 45, the exogenous growth variable
QGGRIVCd (which is defined over c, where the relevant ¢ may be public infrastructure
services) is mapped to the capital stock/'associated with ¢ and drives the expansion in
the capital stock.
The savings shares are adjusted by a distortion term ( ) that reflects deviations
between household shares of government borrowing and savings. Implicitly, the burden
of monetary system borrowing is felt by other agents since it extracts real purchasing
power from them by reducing the value of the old money that they hold. In the absence
of an explicit treatment of money in this model, this burden is allocated across house-
holds on the basis of their savings shares.
Typically, the model will only have one private capital stock, that is, the value of the
share parameter is unity for this capital type. If the model has more than one private
capital stock, the allocation between the different stocks may be endogenized, possibly
deviating from the base-level allocation in response to changes in relative profit rates, a
relationship that would need to be specified in one or more additional equations.
Implicitly, an additional system constraint, the savings-investment balance, also holds:
by channelling domestic savings and the terms that make up foreign savings to invest-
ment, the model equations assure that total savings and total investment are equal.
The level of the base-year unemployment rate relative to the minimum unemployment
rate indicates the potential for employment growth over and above the growth rate of
the labour stock.
In applications with multiple households, it was necessary to specify how the population
in each household evolves over time. Our general principle was that the household
types that exist in the base-year (characterized by patterns for generation and spending
of incomes) continue to exist but grow at different rates depending on the types of
labour that they control. The non-labour endowments of each household type grow at
the same rate as its population, scaled upwards or downwards to ensure that the total
for these endowments across all households respect economy-wide constraints.
When developing the model base run, CALTFPG may be endogenous or exogenous.
If it is endogenous, real GDP (at factor cost) should be fixed (growing exogenously
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over time). If so, the analyst should review the resulting economy-wide growth in TFP
as well as efficiency growth in different activities and. if needed, adjust
the targeted real GDP levels. On the other hand, if CALTFPG is exogenous (and real
GDP endogenous), the analyst should monitor overall GDP growth and. if needed,
adjust either CALTFPG or avag. The estimates of initial capital stocks and deprecia-
tion rates may also have to be revisited. For non-base runs, the determinants of trend

12

TFP grow'th ( ALPHA Kare typically fixed, while real GDP growth

growth in factor employment and endogenous TFP changes.

It would also be possible to include the effects of improved health on the productivity
of labour (with these effects disaggregated by labour type and activity). These were not
considered in the country studies for lack of estimates of the quantitative relationship.
Implicitly, when MDGs 4 and 5 are achieved, the expansion in health services and
other determinants may be sufficient to achieve MDG 6 (to halt and reverse the spread
of HIV/AIDS, malaria and other diseases). MDG 3 (elimination of gender disparity
in education and empowering women) was not addressed due to data issues. However,
note that, if MDG 2 is achieved, gender equality is achieved in primary education.
The country studies of this volume show that the relationships between the determi-
nants and the non-poverty MDGs in the MAMS model hold from a statistical point
of view for a number of Latin American and Caribbean countries. Kamaly (2006)
provides examples of the literature on health and education whose findings, although
sometimes contradictory, show broad support also in sub-Saharan Africa for the inclu-
sion of the determinants referred to in Table 3.3.

This category includes non-cohort entrants to the 1st primary year of primary school
(who may represent a significant number during a transitional period of primary school
expansion). It may also include immigrants from other countries.

The equation is formulated so that it works for cases with one or more than one term
in any of the sums over related shares (defined by the mappings MBB and MBB2) in
either of the sets BRES and BLOG.

In other w'ords, in order for 100 per cent of the cohort to complete the primary cycle
on time, it is necessary that all of them enter at the time of their first year and that all
manage to pass each year (that is, successfully complete each grade) up to the final
year of the cycle. Given that we do not generate separate pass rates for students in the
relevant cohort (as opposed to students outside this cohort), we assume that the rates
for in-cohort students are identical to the over-all rates for students in the cycle.

It is assumed that, as an acceptable approximation, students in secondary and above
are in labour force age. If not. this definition should be adjusted.

A SAM for the core (non-MDG) version of MAMS deviates from this in that may
have a very aggregate treatment of sectors (activities and commodities), factors and
institutions. The minimum degree of detail is two sectors (private and government);
two factors (labour and private capital), three institutions (government, household and
rest of world), two investment accounts (private and government capital).

For the 18 country studies, the base year falls within the period 2000-2005. that is,
approximately at the mid-point between the starting year on the basis of which many
MDG targets are defined. 1990, and the target year. 2015.

The follow ing formula is used to define the base-year private capital stock: = sam-
rentl(netprfrat + deprrat) where gfcap = the stock; samrent = total VA to private capital
in SAM; netprfrat = the net profit rate (in decimal form); deprrat = the depreciation rate
(also in decimal form).

The micro-simulation approach to poverty and inequality analysis that was followed in
the different country studies requires access to a recent household survey.
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