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Abstract

Fiscal policy can be multidimensional in nature. @® one hand, it addresses socio-
economic development, and on the other, it death emnsuring fiscal sustainability. The
ability of the government to design fiscal polictesachieve the twin goal of socio-economic
development and fiscal sustainability requires ustd@ding the social, economic and public
debt impact of the fiscal policy. This can only aehieved by considering the complex
relationships between the social sector, the ecan@ector and the public sector. Even
though existing models and techniques offer insigiitout the impact of fiscal policy on
socio-economic development and fiscal sustaingpilitey lack sufficient causal explanation
of the dynamic impact of fiscal policy on socio-eomic development and fiscal
sustainability. This paper develops a causal secamomic model to help analyze the impact
of fiscal policy on socio-economic development disdal sustainability. Results from the
policy analyses found that expansionary fiscal qyols the best policy to achieve socio-
economic development. Contractionary fiscal polisyfound to be the best policy for
ensuring fiscal sustainability. We conclude tha blalanced budget fiscal policy is the most
workable fiscal policy for the government to acl@ethe twin goal of socio-economic

development and fiscal sustainability
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1. Introduction

Over the past decade the emergence of the puliicalisis in many developing countries
has been attributed to the growth of public spepdiranzi and Blejer 1986). Guided by the
economic models suggesting that growth can be stepp by increasing resources for
investment, governments of developing countriesehatften resorted to borrowing to

supplement revenue. The borrowed resource is afse for investment purposes and/or
consumption smoothing (Campbell 1989). However, dowrariety of reasons, including

increased spending resulting from population growadlternal shocks, bad economic
management, low productivity, low competition iretvorld market, as well as output
decline and slow recovery thereafter, governmeerhdimg consistently exceed its revenue,
hence causing continued borrowing (Lindauer andedMghik 1992; Jha 2001; Ghatak and
Sanchez-Fung 2007).

It is therefore not surprising that the economiogpam, i.e. structural adjustment program
designed to deal with the public debt crisis inaleging countries, had fiscal adjustment as a
critical component. The aim of the fiscal adjustimisrto reform the government expenditure
management aimed at reducing total government efjoee and to correct the imbalances in
government finances through tax reform aimed atravipg the efficiency and effectiveness
of the tax system and tax administration (Konadyékxgang 2001). However, due to the
inability of government to increase tax revenuenigigantly, government expenditure was
reduced to ensure fiscal balance. Empirical studieznadu-Agyemang 2001; SAPRIN
2002) have concluded that the social sector expaedii.e. education and health suffered
most from the expenditure cut while in some coestthe economic sector was not exempted
from the cut in expenditure. Balancing the art dfiaving socio-economic development and
ensuring fiscal sustainability has been the dilenmhgovernments over the years. In most
developing countries, these two goals appear tonbeonflict because the only way to
increase socio-economic development from beyondctimeent stage of development is to
increase government expenditure. Increased expeadiill increase budget deficit and,
consequently, public debt, defeating the goal etdi sustainability. The ability of the
government to design fiscal policies to achievetthia goal of socio-economic development
and fiscal sustainability requires understandirg gbcial, economic and public debt impact
of the fiscal policy. This can only be achieved taking into account the complex
relationships between the social sector, the ecangector and the public finance sector.
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Even though existing models and techniques offeighiis about the impact of fiscal policy
on socio-economic development and fiscal sustdibgbithey lack sufficient causal
explanation of the dynamic impact of fiscal polmy socio-economic development and fiscal

sustainability. This is the content-wise shortcognive address in this paper.

Our contribution is as follows; first, we have dmped a structure-behavior oriented model-
based socio-economic framework that representdhglex interactions between the social,
economic and public finance sectors based on aptation of system dynamics to the
social, economic and public finance theories andrapirical observations. Second, we offer
causal explanation for the dynamics observed insth@al, economic and public finance
sectors of the economy and their evolution oveetiirastly, we conduct a policy analysis
from 2000 to 2080 to determine what socio-econade¢elopment and fiscal sustainability

would be as a result of the four experimented fipoticies'.

The policy analysis demonstrates thidtge expansionary fiscal policy is the best polityne
intends to increase and enhance socio-economidagpenent; however, the down side of this
policy is that it builds up high public debt thatakes fiscal policy unsustainabl@he
simulation result concludes that contractionargdigolicy is the best policy to significantly
reduce the public debt burden in Ghana; but theetadf for this policy is that it reduces
socio-economic development. We find that the baddnoudget fiscal policy is the second
best policy to increase socio-economic developraedtreduce debt-GDP ratio. Lastly, the
result of the combined fiscal polityesult demonstrates that the policy is the thesttif one
intends to increase socio-economic developmentredicing debt-GDP ratio. We therefore

recommend the balanced budget fiscal policy asntibst workable fiscal policy for the

! The fiscal policies are; expansionary fiscal pglicontractionary fiscal policy, balanced
budget fiscal policy and combined fiscal policy.

2 This policy is a combination of expansionary flspmlicy in the medium term and
contractionary fiscal policy in the long term. Tbembined policy ensures that government
expenditure exceeds its revenue in the medium terbuild human and physical capital to
increase production and socio-economic developnwhen the foundation of the economy
is perceived to be strong, government fiscal pol&cghanged to contractionary policy to

ensure that previous deficit are financed by fusinlus.
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government of Ghana to pursue in its attempt ofeaing the twin goal of socio-economic
development and fiscal sustainability. Though caxttonary fiscal policy reduces debt-GDP
ratio much more significantly than the balanceddaidiscal policy does, the simple fact that

it reduces socio-economic development do not magegolicy the most desirable policy.

This paper is organized as follows. In section 2 mgeiew the social and economic

implications of public debt. Section 3 represenke tmethods for assessing fiscal

sustainability and socio-economic development alsh #he assumptions of the system

structure of the socio-economic model. Section dcdees the socio-economic model in

detail. Section 5 represents the validation of niedel. Section 6 represents the base run
behavior explanations. Section 7 represents th&ypahalysis and discussion. Section 8
represents the scenario analysis. Section 9 repsetdee conclusion.

2. Literature Review
This section reviews literature on social and ecaicoimplications of public debt in

developing countries. The purpose of the literatengew is: first and foremost to outline
some of the empirical finding from studies in deygghg countries concerning the impact of
public indebtedness on social and economic devedopn$econd, we want to offer structure
information to be imbedded in the model. Lastly, want to refer the literature to structure
documentation. We want to establish through valbdaif the behavior pattern from the

model coincide with empirical findings.

2.1 Social and Economic Implications of Public Debt
According to (Mahdavi 2004), two main issues anseelation to efforts aimed at containing

the fiscal deficits. The first issue is the dismion of the deficit reduction between
government expenditure cuts and higher taxes t@ase revenues. Empirical evidence and
findings from studies (Konadu-Agyemang 2001; SAPRIDD2) indicates that, government
expenditure is more likely to be reduced in timésdeficit reduction than increases in taxes.
This is because raising taxes may be perceived a@sliay with distortionary effects
(Mahdavi 2004). The second issue is the distributibgovernment expenditure cuts among

various functional spending. Mahdavi argued thape#nding cuts mainly fall on expenditure
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categories that affect current income and consumpéivels of large segments of population,
they will have adverse welfare (poverty) implicago(Mahdavi 2004). This may result in a
rise in the levels of public discontent and poditiénstability. On the other hand, if the
expenditure reduction is borne by sectors that taminand enhance the economy’s
productive capacity, it may well endanger the Ild@gn economic growth. This is

particularly true in developing countries where fmablic sector is the main source of
investment in infrastructure, education and hedMiring the structural adjustment program
era, these concerns were expressed by many grqgmsed to the structural adjustment

program.

Various studies (Pattillo, Poirson et al. 2004;d.@nd Olivera 2006) have concluded that
high public debt severely constraints developingntoes ability to provide social services
such as education and health. A recent study by lbod Olivera (2006) indicates that a
higher debt ratio reduce social expenditure not juscause interest payment on debt
constrained social spending, but because high uabt is associated with cuts in total
expenditure that affect the social sector. Theyaldisthed that debt displaces social
expenditure mainly because it reduces the roonth@rappetite) for further indebtedness.
Mahdavi (2004) assess how the external debt burday influence the composition of
government spending and concluded that there isradweffect of debt burden on capital
expenditure, and on current expenditures other thages and salaries. He explained that
since a large part of social expenditure takesepladhe form of wages and salaries paid to
public servants in the education and health pgdators, this finding may suggest that social
expenditure are shielded from the adverse effddtseodebt burden (Mahdavi 2004).

Public debt has both social and economic consegsefioc every economy. However, there
seems to be little agreement as to whether publit affect social and economic sector of the
economy negatively or positively. The debt overhéimgpry (Krugman 1988; Sachs 1989)
concludes that high public debt negatively affemtial and economic growth. On the other
hand, debt irrelevance theory (Cordella, RiccileR@05) concludes that the debt overhang
argument holds for non-HIPC (countries who are mghly indebted), but that for HIPC

(highly indebted countries) there is no evidencthefdebt overhang argument.

A number of studies (Krassowski 1974; Sachs 198dgkian 1988; Olukoshi 1989; Sachs
1989; Sachs 2002; Pattillo, Poirson et al. 2004)eh@ealt with the public debt-economic
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growth relationship during the last two decadesthBbeory and policy discussion indicate
that the effect of public debt on economic growblald occur through both the main sources
of growth, i.e. the capital accumulation channel &ctor productivity growth channel. The
capital accumulation channel argument is suppobedhe debt overhang theory which
implies that when external debt grows large, inmesstower their expectations of investment
returns in anticipation of higher and progressivelgre distortionary taxes required to repay
debt (Pattillo, Poirson et al. 2004). ConsequerniByw domestic and foreign investment is
discouraged, which in turn, slows capital stockuaaglation. In the highly indebted poor
countries (HIPC), it is argued that investors hb&tk, given the uncertainties about what
portion of the debt will actually be serviced withe countries own resources (Pattillo,
Poirson et al. 2004). The factor productivity growthannel proponents argue that
governments of indebted countries may be lessngilio undertake difficult and costly
reforms if it is perceived that the future benefiterms of higher output will accrue partly to
foreign creditors. They speculate that the poomicp environment, in turn, is likely to
affect the efficiency of investment and productivitin addition, it is believed that
uncertainties and instabilities related to debtrlbarg are likely to hinder incentives to

improve technology or to use resources efficie(®ttillo, Poirson et al. 2004).

According to the debt irrelevance theory, generoffisial assistance helped highly indebt
poor countries (HIPCs) to service their debt, s they never experience the crowding out
of resources that preceded the emerging marketatisig of the 1980s. Moreover, the debt
irrelevance theory suggests that net official trarssto HIPCs have grown together with the
debt stock from the 1970s, and that donors/creslit@ve continued to transfer to HIPCs

resources in excess of those needed to servicargyalebt.

3. Methodology

3.1 Fiscal Sustainability
The definition of fiscal sustainability derives ifinothe budget constraint of the public sector.

Many authors (Buiter 1985; Blanchard, Chouraquiakt1990; Horne 1991; Ghatak and
Sanchez-Fung 2007) have discussed the concept eadimy of fiscal policy sustainability.
The idea of fiscal sustainability is intimatelyatdd to the public debt dynamics. According

to Ghatak and Sanchez-Fung (2007), for a fiscatpdb be sustainable, every deficit should
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be financed by future surplus. To illustrate, Bf be the stock of total public debt
outstanding at the end of perioEx, the non-interest government expenditure, that is,
government expenditure excluding total interest npayts on the public debtR the

government revenue and granis;the rate of interest on public debt amdis the debt

maturity. Then, the budget constraint for the pubctor can be written as:

dD,_,, /= (at)Ex, - (dt)R + (at)iD, , + (dt)Dt—l/n (1)

Equation (1) shows that the change in public delitbe equal to the difference between
non-interest government expenditures and governnegehues and grants, plus total interest
payment on public debt and repayment of principalis budget constraint ignores public
revenues arising from the creation of money. Eguafl) can be rewritten as:

D, = (dt)pd, + (dt)ds )

Here, pd,is the primary deficit i.e. the difference betweeon-interest expenditure and
government revenue and grants, amiglis debt servicing which consist of total interest

payments and repayment of public debt. By iteratimg government budget constraints
forward, a fiscal policy is considered to be sushle in infinity if the condition expressed in

eqguation (3) holds:

T

D, =->"((dt)pd, +(at)ds,) (3)

t=1

Equation (3) is a condition for fiscal sustaindlililt says that the value of future primary

surpluses must be equal to the total public deberdfore, for the purpose of this study, a

fiscal policy is said to be sustainable if the kothudget surplus over time
T

{—Z((dt)pdt +(dt)ds, )} is large enough to maintain or reduce total putiéibt over the time
t=1

frame of the analysis.
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According to the World Bank, fiscal policy is sustble if debt-GDP ratio does not increase
continuously and/or creates financing needs thahaabe adequately met by the supply of
funds available to the public sector (Bank 2004anBhard (1990) defines sustainable fiscal
policy as a policy that ensures that the ratioaeiftdo GDP converges back towards its initial
level (Blanchard, Chouraqui et al. 1990). Howeyaldgments about fiscal sustainability and
particularly about excessive debt-GDP ratio ared Har make. Economic theory provides

little guidance on this because it was generallyebed (before the 1982 Latin American

debt crises) that countries do not go broke. A comrapproach, therefore, is to rely on a
simple rule that specifies, for example, that tebtdatio should not rise or exceed a specific
limit (e.g. is the approach used by the World Bamkl IMF for the highly indebted poor

countries initiative).

For the purpose of this paper, a fiscal policyascgived to be sustainable if;
1. The total budget surplus over time is large endogleduce total public debt

2. Debt-GDP ratio decreases or remains constantesu#t of the fiscal policy.

3.2 Socio-economic Development Index
Assessment of the development level in this stuslybased on the socio-economic

development index (SEDI) proposed in this sectidihe SEDI consist of various indicators
of education, health, social services and incontee BEDI is formulated to be as all-
inclusive socio-economic indicator of developmest macticable. The estimation of the

SEDI is influenced by human development index (HD#pm United Nations and socio-

® The human development index (HDI) is a compogilgex that measures the average
achievements in a country in three basic dimensanheuman development: a long and
healthy life as measured by life expectancy ahbiknowledge, as measured by the adult
literacy rate and the combined enrolment ratiogiomary, secondary and tertiary schools;
and a decent standard of living as measured bysgtosiestic product (GDP) per capita in

purchasing power parity (PPP) US dollars
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economic development index from the E(Mehrotra and Peltonen 2005). The SEDI
estimation includes the following variables; primachool enrollment rate, secondary school
enrollment rate, tertiary school enrollment ratdant mortality, life expectancy, average
access to basic health, per capita food availgbper capita community/social expenditure,
unemployment rate and GNI per capita.

The SEDI is calculated by estimating the variousigonents or indexof SEDI. However,

each index consists of variables. Table 1 showsS3EDI indicators and its component

variables.
Values Dimension Value®
SEDI Index (Variables) i : Source of Value
Max Min Max Min
Education
Primary enroliment rate (%) 1 0.2 1 0 HDE’
Secondary enrollment rate (%) 0.8 0.15 1 0 Author’s Estimation
Tertiary enrollment rate (%) 0.6 0.05 1 0 Author’s Estimation
Health
Infant mortality 10 400 1 0 Author’s Estimation
Life expectancy 85 20 1 0 HDE
Average access to health (%) 1 0.1 1 0 Author’s Estimation
Per capita food availability 3 0.5 1 0 Author’s Estimation
Social Services
Per capital Com/Social exp.| 400 10 1 0 Author’s Estimation
Unemployment rate (%) 5 40 1 0 Author’s Estimation
Income
GNI per capita 40000 100 1 0 HDE

Table 1: Goalposts for Calculating Socio-Economé@v&opment index (SEDI)

* The index consists of different indicators of Hhiealinfrastructure, environment and

education taking into account the public/privatetse nature of the variables and data
limitations

®> Index represents the main categories of the SEBIsown in table 1, the SEDI index are
education, health, social services and income

® The estimated values are expressed as dimendioesvaetween 1 and 0.

" Human Development Estimate by the United Nations
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The equation for representing the index is repieskas;

Zn: Evar
Index, = i< 0 (4)

Here, Index is the estimated value for each cate§arfthe SEDI, Evar is the estimated
value of the variable andis the number of variables under each catedovgr is calculated

as:
Evar = (var—min, )/(max —min,) (5)

Here, var is the value of the variablemin, is the minimum value of variablieand max is

the maximum value of the variableThe socio-economic index at any tirhés obtained by

an arithmetic average of;

Zn:index
SEDI, == N (6)

Here, nis the number of variables. It is important to nibigt the calculation of the SEDI

follows quite closely the human development indd®l) of the United Nations (UN).

3.3 Model Boundary
Sterman (2000) defines model boundary as the depatsetween the system being modeled

and the rest of the universe. The boundary is séteep the model manageable without
compromising its purpose. Table 2 shows the socom@mic model’s boundary indicating

the ignored, exogenous and endogenous variablgseategely. A model is but a

8 Education, health, social services and income
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representation of reality. A representation caflgfsglected to serve a particular purpose. The
purpose of this model is to develop a structureabiin oriented model-based socio-
economic framework that represents the complexrant®ns between the social, the
economic and the public sector. The purpose ofnlbelel served as a guide to carefully
select variables to be determined endogenouslygesaus and ignored in the model. The
endogenous variables listed in table 2 are theabbas defined by the feedback structure of
the model. The exogenous variables affect the d&telopment (behavior) of the model but
are not affected by it. The exogenous variableiiner constants or historical tables that are

specified as input to the model. The ignored vdemhbre completely omitted from the model.

Ignored Variables Exogenous Variables
» Politics * Price
* International relation Interest Rate

Endogenous Variables

. : Social

*  Monetary Sector * Inflation » Population
* Exchange Rate Births
* Rest of the World « Deaths

* Education

* Access to basic health
Production

» Agriculture
Industry
Services
Investment
Employment, human
capital

e Households
Public Finance

* Government expenditure

¢ Government revenue

¢  Public debt

Table 2: Boundary diagram of the Socio-Economic ®lod

3.4 Simulation Methodology

3.4.1 Rationale

We selected the methodology of System Dynamicsréate our socio-economic model.

System Dynamics is an adequate methodology to @phe relevant system structure to
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explain the system’s outcome behavior (Radzicki2198terman 2000; Wheat 2007 ).
Fundamental is the idea that all socio-economim@asttake place within “feedback loops”.
According to Forrester,the feedback loop is the closed path that connects an action to its
effect on the surrounding conditions, and these resulting conditions in turn come back as
information to influence further action” (Forrester 1973). Two types of feedback loops are
differentiated; the positive or reinforcing feedbatoop (R), and the balancing or
counteracting loop (C). A reinforcing loop repretsem mechanism by which an action
produces a result which causes more of the sarn@ndhus resulting in the reinforcement of
a growth or decline of a system’s state. A coumtéerg loop attempts to stabilize some
current state at a desired level through an aatioresistance; it reacts to any change and
works as a dampening mechanism. The assumptiomepsesent by the system structure in
our socio-economic model are explained in the Yol section. To portray these
assumptions, we use causal loop diagram (Sterm@®) 28 causal loop diagram is important
tool in the SD modeling approach for representivegfeedback loop structure of systems and

for communicating the important feedbacks undegyime system.

3.4.2 Assumptions about Model System Structure
Figure 1 depicts the assumptions about the systamtwre of the socio-economic model.

Forrester proposed that it is especially importaneview, revise and document the structure
of the model because structure is just as imporanthe assumed numerical initial and
parameter values in determining the modes of behdkat a system can exhibit (Forrester
1973). The causal diagram in figure 1 helps toewyiexamine and observe the feedback
structure of the socio-economic model. We havetitied twelve reinforcing feedback loops

and ten counteracting feedback loops.
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Figure 1: Complete Causal Structure of the Socamemic Model interrelating the Social, Economic and
Public Finance sectors of the economy

3.4.3 Social causal structure

The social causal structure consists of the denpbgraeducation and health. They are
explained below:

Demography

The demographic causal structure consists of thewiimg feedback loops; the births loop
(R1), the deaths loofC1), the migration loodC2), and the under-five mortality loafiR2).
These loops are explained below:

Births loop
Feedback loogR1) represents the mechanism that generates additidhetgopulation,

causing population to grow. LoofR1) includes births, population and sexually active
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women. According tqR1), births at any point in time depend on the poputatd sexually
active womef, and the total fertility rate of sexually activeomven. An increase in births
causes an increase in population and, consequémglyopulation of sexually active women,

which further create the condition for births torease.

Deaths loop
Feedback loogC1) represents one of the mechanisms responsible foulgtion decrease.

While births reinforce population growth as shown(R1), deaths counteract such growth.
Loop (C1) includes deaths and population. Lo@Pl) represents the fact that a rise in
population causes deaths to increase which, in tauses a decrease in the population the

next time round.

Migration loop
The feedback loogC2) represents second mechanism responsible for gapuldecrease.

Feedback loodC2) includes migration and population. Counteractiegdback loogC2)
represents the fact that whereas a populationaserpositively affects migration an increase

in migration in turn causes the population to dasee

Under-five mortality loop
The feedback l0ofR2) represents the mechanism through which underdfiogality affects

the population dynamics. LoofR2) includes under-five mortality, total fertility, bhs,
population and deaths. As deaths increase, dueatyy factors, such as lack of access to
basic health care, under-five mortality is expedtethcrease as well. Increase in the under-
five mortality rate will increase the desired numbeéchildren to compensate the possibility
of infant death consequently, total fertility ranereases. As the total fertility rate increases,
birth and population is expected to increase wiedds back to increase death and under-

five mortality rate

Education
The education causal structure is governed by;ethecation loop(R3), the educational

capacity loogC5), and literacy looR11). These loops are explained as follows;

® Female population between the ages of 15yearsa9ye
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Education loop
The education feedback structure is shown by timéareing loop(R3). This loop represents

the feedback process between government educa@msg, human capital and production.
Loop (R3) includes educational expenditure, educational @gpaaddition, educational

capacity, enrolled population, literate populati@ducational attainment of labor force,
average years of formal schooling, human capitattasal production, gross domestic
product, government revenue and government expgrdiGovernment finances expenditure
by taxing income (GDP). Among other expenditurefsaetion of the tax revenue is spent on
education. It is postulated that as education dpgndéhcreases, educational capacity
increases over time which increases the abilitythef educational system to enroll more
students. As the students eventually graduate different educational attainments, labor
force is made available to the economy for emplaymé&he educational attainment of the
labor force determines the quality of the laborcéomhich is used to estimate the human
capital. As human capital increases, we posit tBBXP increases which, consequently,

increases the tax revenue of government the nextrpeind.

Educational capacity loop
Feedback looC5) represents the mechanism that makes sure thaatemhad capacity does

not exceed the desired capacity. This loop consifteducational capacity, educational
capacity gap and educational capacity additionucBtional capacity is always compared to
the desired capacity and the capacity gap is usadjust educational capacity to ensure that

we do not over or under capitalize education.

Literacy rate loop
Feedback loofgR11) represents the effect of literacy on the poputatgnamics. This loop

includes literate population, literacy fractiontaiofertility rate, births, population, population
of school going age, educational capacity and &dgopulation. As the literate population
increases, the literacy fraction increases. Supddsy demographic literature we hypothesize
that an increase in literacy fraction will decredle total fertility rate. Therefore, as the
literacy fraction increases the birth rate and awee, the population decreases as well. In
particular, the population within the school goenge decreases. As a result, the educational
capacity available is able to accommodate the @ojoul more effectively, which in turn,

increases the literate population.
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Health

Access to basic health care loops
Feedback loopfR8, R12, C8 and C10) represents the mechanism responsible for deterqini

accessibility to health care. In the model, twades determine access to basic health care.
These factors are physical access to health fgciihich is represented by loogR8 and
C10) and physician-population ratio, which is represdrty loopgR12 and C8). Loop (R8)
includes health care spending, health care cegmpuylation-health care center ratio, physical
access to health facility, access to basic health, @deaths, population, population of school
going age, enrolled population, literate populatieducational attainment of labor force,
average years of formal schooling, human capitattasal production, gross domestic
product, government revenue and government experditThis loop shows that as
government expenditure increases due to GDP ingrdass expected that health care
spending will increase. As health care spendingeeses, health care centers are expected to
increase which in turn reduces the population galth center (i.e. population-health center
ratio), consequently, access to basic health cameeases. An increase in access to basic
health care is postulated to decrease deaths dn, tincrease population which,
consequently, will increase the labor force to ¢iehore employment and thus increase
production. As production increases, revenue tceguwent is expected to increase which
will, subsequently, increase health care spendmegnext year round. FQR8) to work,
health care center growth must exceed populatiowtty: If not, access to basic health care
will decrease. This is represented by 1¢6f0). Loop (C10) includes population, population-
health care center ratio, physical access to Iesitth facility, access to basic health care and
deaths. As population increases, all things beopgak the pressure on the existing health
care centers increases, consequently, populatialthheare center ratio increases which in
turn, decreases access to basic health care. Assatrbasic health care decreases over time,

deaths are hypothesized to increase which williin tlecrease population.

Feedback looR12) includes health care spending, physicians, phgisipopulation ratio,

access to basic health care, deaths, populatigmylggemn of school going age, enrolled
population, literate population, educational attaémt of labor force, average years of formal
schooling, human capital, sectoral production, grdsmestic product, government revenue
and government expenditure. As government expenedificreases due to income (GDP)

increase, it is assumed that health care spendiignerease. As health care spending
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increases, more physicians are hired which inceeenumber of physicians. As physicians
increase, physician-population ratio will decreagech will increase access to basic health
care, over time, deaths is assumed to decreasassao basic health care increases, which
in turn increases population. Population increadiecansequently increase the labor force to
yield more employment and thus increase product#aproduction increases, revenue to
government is expected to increase which will, sghently, increase health spending the
next year round. FofR12) to work, therefore, physicians’ growth must exce@egulation
growth; else, access to basic health care willeise. This is represented by feedback loop
(C8). Loop (C8) includes population, physician-population ratiogess to basic health care
and deaths. This loop implies that as populatiocrease, physician-population ratio
increases which consequently decrease accessitoheadth care. As access to basic health
care decreases, over time deaths is expected tease which will in turn, decrease

population.

3.4.4 Economic causal structure

Employment loop
The feedback loops (R4, C3 and C4) represents gwhamism that generates employment.

Loop (R4) includes gross domestic product, expected demdeslred labor, employment,
human capital and sectoral production. The reimigrdoop (R4) represents how gross
domestic product creates demand of goods and esrwdhich is produced by labor
(employment). As employment increases, over timendn capital increases which in turn
causes sectoral production and gross domestic grou increase. The counteracting
feedback loodC3) causes employment to increase as desired lab@ases. Consequently,
as employment increases, desired labor is expéatdecrease the next year round, assuming
desired labor remains constant. The counteractagiifack loop(C4) postulates that, if
unemployment rises, wages will fall. As a resuksided labor will increase which will
initiate the hiring of labor to increase employmaver time. As employment increases

eventually, unemployment decreases.
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Public investment loop
The feedback loofR5) represents how public investment creates physagaital that is used

for production. Loop(R5) includes public investment, investment, sectotgisgcal capital,

sectoral production, gross domestic product, gowemt revenue and government
expenditure. As public investment increases, imaest goes up, which accumulates physical
capital and consequently increase production. Aslymtion increases, government revenue
is expected to increase which is used to finant@a@lernment expenditure. As a result
government expenditure increases which in turnemee private investment the next time

round.

Private investment loop
The feedback loopR6) represents the mechanism that creates privatstimeat. LoopR6)

includes gross domestic product, household incodisgosable income, savings, private
investment, sectoral physical capital and sectgnalduction. As households’ income
increases as a result of increased income fromuptmoh (GDP), disposable income
increasesAs disposable income increases, it is expectedstdnangs will rise, which in turn
will increase private investment with a delay acahsequently, investment. In reality, rise in
investment increases physical capital accumulaf\sma result, GDP increases.

Labor Productivity loop
The feedback loop structure of labor productiviygoverned by the reinforcing lodR7)

and the counteracting feedback lo@p7). Loop (R7) includes sectoral physical capital,
capital-labor ratio, labor productivity, sectoralroguction, gross domestic product,
government revenue, government expenditure, puioh@stment and investment. The
reinforcing loop(R7) represents how an increase in physical capititive to employment,
causes capital-labor ratio to increase, which febdsk to increase labor productivity,
production and thus physical capital accumulatidme counteracting feedba¢k7) includes
employment, sectoral employment, capital-labor oratiabor productivity, sectoral
production, gross domestic product, expected demamd desired labor. LoogC7)
represents how an increase in employment relativehiysical capital causes capital-labor
ratio to decrease, consequently, causing laboruatoaty to fall. As labor productivity
decline, production decreases which feed backitaqpeaing the increase in employment.
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3.4.5 Public debt causal structure

The accumulation of public debt is embodied inrgiaforcing feedback loop$:9, R10, and

C9). Government finances its spending in part by tguticome (GDP); and finances any gap
remaining, as is the case in developing countri®g’raising public debt through borrowing.
The feedback loopdR0) and R10) represents thdebt trap phenomenon (Saeed 1993) which
represents the basic mechanism responsible foratshimulation in developing countries
The reinforcing loopR9) includes the following variables: Budget defitigrrowing, public
debt, interest payments due and interest payméstshe budget deficit increases due to
government excess spending over revenue and gramsgdeficit is financed through
borrowing. As borrowing increases, public debt acclates, - consequently the interest
payments build-up. As interest payments increasesdoes the budget deficit due to
increased spending. The deficit must, in part,ibaniced by additional borrowing which in
turn increase public debt the next time round. figieforcing loop R9) illustrates the deep-
seated structure of the debt accumulation prodéssreinforcing loopR10) includes public
debt repayment and borrowing. As public debt ineesarepayment increases over time. Due
to pervasive deficit spending by government, repayinincrease causes the need to borrow
to finance repayment, which in turn increases pubibt the next year round. The public
debt growth is contained by the counteracting faekbloop (C9) striving to reduce the
public debt stock and other measures such as @éibt and interest relief that are not
represented in the feedback loop structure ofrtiuodel. Loop C9) includes public debt and
repayment. As public debt increases, repaymeneasas which then decreases public debt

the next time round.

4. Description of Stock and Flow Structure of the Modules

4.1 Population Module

Since population size, composition and growth havwaajor influence on socio-economic
development, a long-term socio-economic model regua population module that generates
these outputs. The significant importance of paputain a country’s economic growth

makes its presence in such model essential andfuedtal not the least, because population
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provides one of the two major inputs to economiadpction, i.e. labor and the other one
being technology. The population module represegdotal population and population age-
distribution disaggregated by sex. The concepttahéwork of the population module is
based on the demographic transition theory (Thom@28) and empirical observations
which suggest that births, deaths and net migradirenthe three determinants of changes in
the size of population over time. The stock andavfktructure of the population module is

shown in figure 3 below.

' total net migration
NET MIGRATION PER ,\gg?é:\éLsTlgix oy 9
1000 HABITANTS
FUNCTION
INITIAL adult crude death
Na POPULATION rate
net total migratioA————————#net migration
) total adult secondary student
<Time> populatio‘n\ total adult deaths crude death rate
. v . primary student
f Popuiatiory X crude death rate
2 total popuiat W
otal population
/ <deaths> share of population
under five f per gender
mortality rate - I. population total deaths l .
infant mortal ; <total population>
ity population group cohorts shift death per age pop
group
effective death rates
population under per age group
five

Figure 3: The stock and flow structure of the pagioh module

The population stock is disaggregated into malefanthle genders and 82 age cohorts. i.e.
(new born, age 0 to 79, 80+) for each gender. Theing process is conceptually
straightforward, as illustrated in Figure 2. Baliesn (births) is moved to a stock called new
born, which is immediately moved to age 0-1 cohAttthe end of each year, the surviving
population in each age cohort is moved to the aggtcohort, except for the last age cohort

(age 80+). The population in the last age cohoniaias in the cohort until they die.
o

1 1
death at birth
% age 1 deaths age 2 deaths %age 79 deaths  [jage 80+ deaths

births ——® new born

age 0-1 & age 1-2 e — age 78-79 & age 80+

Figure 2: Ageing process in the population module
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In the population module, the equation that shifespopulation from one cohort to the other

at the end of each year (minus deaths) is:

Population cohort shift [sex] = SHIFT IF TRUE (pdgtion [sex, hew born], MODULO
(time, 1) <time step/2, age 80 and over, 1, 0)

When the condition MODULO (time, 1) <time step/2tise (when time reaches the end of
each year), the subscripted variable populatiofissfrom one age cohort to the next. The
second to last parameter of the equation causefison to add (not replace) the age 79
cohort to the last cohort age 80+. The last paranadtthe function (0) is used to replace the
first age cohort, i.e. to set the first cohort tvaat the end of each year to store new births

the next year.

We initialize the population stock by estimating thopulation for each age (age 0- 80+)
using the 5 year age group population data of tleeld\Population Prospects provided by
United Nations (UNDP 2002). We postulate a dimimghstock variable for the population

ageing process where a given population decline$ m®ves from one age cohort to the
other due to deaths. Therefore, the formula foraglisegating the 5 year age group

population data to initialize the model is as fol&y using age 0-4 as an example:

AGE, = X, , +2* (X,_, — Xs4)/5 7)
AGE, = X, , + (X4 = Xs,)/5 (8)
AGE, = X, , = PO—% 9)
AGE, = Xy, — (Xy = Xo5)/5 (10)
AGE, = X,_, —2* (X, — Xo_5)/5 (11)

Here, X,_, is the mean population of age group (age 04), is the mean population of

age group (age 5-9) arfg]_, is the sum of the population age group (age 0-4).
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Equation (7) to (11) illustrates the estimationruafial population into the age 1-4 cohort. The
approach and sequence is followed for the sucaesage groups to disaggregate the

population into each age cohort to initialize tlopylation module.

4.2 Births Module

The study of population dynamics must begin wittiliey (McFalls 2003). The determinants
of fertility have engaged the interest of economisir sometime. Adam Smith noted that
families were larger in settings where labor waarse and child labor was especially
valuable to parents (Smith 1776). However, Malthiesved fertility not as an individual
choice but as an outcome of social institutionsltiMes assumed with some justification that
fertility is determined primarily by two variablegage at marriage and the frequency of
coition during marriage (Malthus 1798). AccordingBecker, the development and spread of
knowledge about contraceptive during the last agngmeatly widened the scope of family
size decision-making, for it has separated thesttito control births from the decision to
engage in coition (Becker 1960). However, such@ewing of the scope of decision-making
has increased the importance of other factorsvényesociety a variety of cultural, economic
and health factors interfere with the process om#&u reproduction (McFalls 2003).
Demographic literature has identified countlessdiac that affect births. Any population
model that tries to account for each factor soocobees hopelessly confusing (Meadows,
Randers et al. 1972). To avoid confusion withouhpoomising the fundamental objective of
the model, we assume that births depend on thneables namely, the number of sexually
active women, the total fertility rate and age spetertility distribution. The choice of these
variables is consistent with the proposed factgrdVlalthus (Malthus 1798) incorporating
Becker's approach to fertility rate estimation (Bec 1960). These causal variables were
found in a review of literature on fertility seenfh 1776; Malthus 1798; Kamerschen 1972;
McFalls 2003; Schultz 2007). The structure of thhbmodule is as shown in figure 5:
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FRACTION ON CONTRACEPTIVE
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Figure 5: The Structure of Birth Module

(i) Sexually active women
This is the female population between the age ¢sHd-49 years. It is assumed that females

between these age cohorts are the womb of them#&®the female population in the 15-49

years increases, births are more likely to increase

(if) Total Fertility Rate
In the births module, the total fertility rate iegatively influenced by the desired number of

children and negatively affected by the contraseptprevalence fraction. Leaving the
contraceptive prevalence fraction for later distussconsider the desired number of
children: It is suggested that income (GDP), edanand perceived under-five mortality are
the determinants of desired number of childrens lissumed that human nature no longer
guarantees that a growth in income appreciably alo® subsistence level results in a large
inadvertent increase in fertility (Becker 1960). dther words we stipulate a negative
relationship between income and desired numbehitdren. Moreover, we postulate that, as
literacy rate increases and women increasingly inecactive economically, the desired

number of children will decrease over time. Lastg assume that a decline in under-five
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mortality would induce a corresponding decline @sided number of children. Considering
the contraceptive prevalence fraction, the growthkmowledge about contraception has
greatly widened the scope of decision-making caringrfamily sizes. We would expect this
to have reduced the relative fertility rate amorgera. We assume a positive causal
relationship between relative adult literacy andtcaception use. A rise in literacy rate is
postulated to increase contraception use whichespently reduces fertility. Consciously
controlled fertility fraction is defined as desiratumber of children per woman by
contraceptive prevalence fraction. On the otherdhamconsciously determined fertility
fraction is determined by unconsciously determifextllity fraction by the fraction of adult
population not using contraception (1-contracepfpivevalence fraction). Thus, total fertility
rate is defined as consciously controlled fertilitaction plus unconsciously determined
fertility fraction. Therefore, births are determihdy total fertility rate, sexually active
women, age specific fertility distribution. Birttese disaggregated by proportion of babies
per sex. The age specific fertility distributiom@ion used in the model is shown in figure 4.

(iii) Age Specific Fertility
Figure 4 shows the fertility distribution by age& the model this is taken as exogenous

variable based on data from Ghana population dabysis report (Ghana Statistical Service

2005).
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Figure 4: Age Specific Fertility rate
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4.3 Deaths Module
In recent history, there has been a substantidingeinn mortality in the poorer countries of

the world. One manifestation of this mortality deel has been labeled the population
explosion, in that the large increase in the nusoépeople has been associated with drops
in deaths, rather than increases in fertility. Bxtee research review shows two main
arguments about the causes of mortality declinerelsing success in the application of
communicable disease control technologies throwdtligactivities is argued to be the main
reason for the decline in mortality. On the othandh Krishnan (1975), indicated that the
decline in mortality had been the result of genecanomic improvement, particularly in the
elimination of famines and improved nutrition aahile to the people of the less developed
countries (Grosse and Perry 1982). The relationseipreen social and economic well-being
and health status has long been recognized, badtbeen argued that the association
between economic levels and health status has wedka recent decade. The structure of

the death module is as shown in figure 7.
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Figure 7: The Structure of Death Module
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In the model income, health and literacy rate aeethree main factors determining deaths
through life expectancy. We postulate a positiviatienship between income and life
expectancy. However, it is important to note thas$ relationship is nonlinear, where, at a
certain level of income, the effect is flattenedg$igure 6). Access to basic health care is the
proxy for health. We assume a positive causalioglghip between access to basic health
care and life expectancy. As the percentage ofpthiulation with access to health care
increases, it is expected that life expectancy initrease which will subsequently reduce
mortality. Lastly, the literacy rate is believeddontribute to increase life expectancy. As the
population becomes more literate, their way of difel level of awareness about health issues
increases. This directly or indirectly affects légpectancy positively. Figure 6 shows the

postulated relationship between income and lifesetancy.
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Figure 6: Income and Life Expectancy

4.4 Education Module
The history of education in Ghana indicates thategoment efforts in education lagged

behind the missions (religious groups), and betwkgt7 and 1923, there was no colonial
education policy per se (Finlay 1971). After indegence, the education system grew and
access to education was a response to African atigpis, their desire for parity with
European elites, and their recognition of where itriglmpportunities resided (Foster 1965).
As primary education expanded, the concomitant cefi@as increased pressure for

development of secondary schools, partly becausest the logical extension of existing
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education and would meet employment needs and tppies (Finlay 1971). The stock and

flow structure of the educational module is as shdigure 8.
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Figure 8: Stock and Flow Structure of Education Med

The education module models the educational capathe education system and the
recruitment of labor. Leaving the educational eystand the recruitment of labor for later
discussion, consider the educational capacity: ifpet to the educational capacity sector is
the total education expenditure which comprisegutdlic and private education expenditure.
Total education expenditure is used to financetahpind recurrent education expenditure.
The capital expenditure finances capital spendiag ¢reates educational capacity to support
the education system at each level. The allocaifatapital spending to primary, secondary
and tertiary levels of education is based on a stl@ti variable “educational capital
expenditure function”. This decision variable refe government education priorities. We
used subscripts to disaggregate educational cgpauid the three educational levels

identified in the model, i.e. primary, secondary &ertiary.

Considering the educational system, this sectéh@imodule models the process of students
going through schooling from the primary to thes®tary and to the tertiary level. Students

are disaggregated by both stage and gender witbcspts. The primary education has six
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stages, each stage is assumed to last for onewk#de, secondary education has six stages,
comprising of junior secondary, i.e. three stagesl senior secondary, i.e. three stages, with
each stage duration of one year. Moreover, tergatycation is assumed to comprise of four
stages with each stage lasting for a year. Theubwpeach stage and level of education
serves as an input to the subsequent stage anld Végeassume age seven as the age for
starting primary school. The main input to the ediomal system sector is the age 7
population. The stock of student at each level chication is increased by enrollment and
decreased by graduation and dropouts. The followgations are used to represent student

population at each level. The equation represeriiagrimary students is:

s"=s."+["-0")-(5."*d™) (12)

Where, S_, are the previous year primary studergs; is the primary enrolimentg, ™ is

the primary graduation andr,”is the primary dropout fraction. The equation reprging

the secondary students is:

s*=s."+[e*-97)-(s.**d>) (13)

Here, S_, ¥ are the previous year secondary studeaf8js the secondary enrolimeng,*is

the secondary graduation andr,”is the secondary dropout fraction. The equation

representing the tertiary students is:

S(te — S(—lte + (ette _ gtte)_ (S(—lte * drtte) (14)

Here, 3_1‘eare the previous year tertiary studereé‘iis the tertiary enrollmentgtteis the

tertiary graduation, andr,“is the tertiary dropout fraction.

Considering the recruitment of labor, the modeloact for the population disaggregated by

levels of education. This is important for the lab@cruitment process, because the
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educational attainment of the labor force is ddferated. In the model, the following
equations are used to represent the populationdiffgrent levels of education. The equation

representing the population with no formal educais

Ptnf - Pt_lnf + (pt7 _e[pe)+ d pe _ (Pt_lnf * rtnf ) (15)

Here, R_lnf is the previous year population with no formal eation, pt7is the age 7

population, g *is the primary enrollmentd™is the primary dropout antq”f is the death

fraction of the population with no formal educatiohhe equation for representing the

population with primary education is:
R™ =P, +(g." -6 )+d= - (R, * 1) (16)

Where, P_,"is the previous year population with primary edigabnly, g,”is the primary

graduation,e*is the secondary enrollmerd,®is the secondary dropout antis the death

fraction of the population with primary educatiomlyy The equation representing the
population with secondary education is:

R*=P,*+(g,*-¢")+d* - (P, =*1r,*) (17)

Here, P_,*is the previous year population with secondary ation, g,*is the secondary

graduation,e[teis the tertiary enrollmentd®is the tertiary dropout and *is the death

fraction of the population with secondary educatibime equation representing the population
with tertiary education is:

Ptte — Pt—lte + gtte _ (Pt—lte * rtte) (18)
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Here, Pt_lteis the previous year population with tertiary ediog gtteis the tertiary

graduation, and,“is the death fraction of the population with testiaducation.

We assume age 18 to 60 years as the working ageefbine the total workforce in the model
consist of the total workforce with no formal edtica, 18 years to 60 years, total workforce
with primary education, 18 years to 60 years, tatatkforce with secondary education, 18
years to 60 years and total workforce with tertiaducation, 18 years to 60 years. The

eguation representing the total workforce is;

L =1" +1,7+1+1° (19)

Where L, is the total workforce)," is the workforce with no formal educatioh?® is the

workforce with primary education only,” is the workforce with secondary educatiaff, is

the workforce with tertiary education. The workfenwith no formal education is represented
by equation (20) as:

" = agel8< P\ < age60 (20)
t=1
Equation (21) represents the workforce with primeglycation only as:

1, = agel8< P™: < age60 (21)

t=1

Representation of the workforce with secondary atiog is as shown in equation (22):

7= agel8< P* < age60 (22)

t=1

Page 30 of 88



The workforce with tertiary education is represdntg equation (23) as follows:

=" agel8< P* < age60 (23)

t=1

4.5 Access to Basic Health Care Module
The stock and flow structure of access to healte oaodule is as shown in figure 9.
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Figure 9: Stock and Flow Structure of Access toiBgaigalth Care Module

The access to basic health care module represealih ltapacity. It includes the population
of physicians and the process of student’s physscgoing through schooling and eventually
becoming practicing physicians to contribute toltmeeare delivery. The model also accounts
for the distribution of health capacity and praaigcphysicians within the urban and rural
parts of the country and its effects on health @eess. In the module, we assume that
capital expenditure on health contribute to theattom of health capacity. Therefore, as
capital health expenditure increases it's presugaisat health capacity will increase. It has
been established that in most developing countmeiding Ghana, the per capita social

services is more skewed towards the urban areaparenh to the rural areas. We therefore
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assume that a higher proportion of health centslidbe located in the urban areas resulting,

in lower population-health centre ratio in the urlaaeas than, what we find in the rural areas.

In the module, we assume a fraction of the studgaisg to the university to enroll into
medical school and become student physicians. Basethe medical school educational
structure in Ghana, we assume 6 years delay froplle@nt to medical school to becoming
a practicing physician. The population of studemtfs/sicians increases by enrollment and
decreases by graduation or dropout rate. The populaf practicing physicians increases by
graduates from the medical school, and immigratbmphysicians whereas retirement and
out-migration decreases the population of pragjighysicians. It has been established in
Ghana that there are more physicians per capitheiurban areas as compared to the rural
areas. The model incorporates this vital informatly assigning a higher proportion of
practicing physicians per capita to the urban akemess to basic health care depends on
physical access to health facility and effect opylation-physician ratio on access to basic
health. Physical access to health facility is deteed by population-health centre ratio and
average distance to access health centre. Itimmasd that the rural population travels an
average distance of 10km to access a health fagilitich causes their physical access to
health services to be low compared to the urbamlptipn with an average distance of 2km.
Moreover, it is hypothesized that, as the poputatmhealth centre ratio, increases, access to
health decreases due to the inability of the lichfcility to take proper care of such a larger

population.

4.6 Government Revenue/Expenditure Module
The structure of the government expenditure andme® module is as shown in figure 10

below:
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Figure 10: Structure of the Government Expendituné Revenue Module

This module represents government expenditure @rehue accounting identities underlying
the government fiscal policy. Government expenditis defined as the budgetary
expenditure fraction of gross domestic product. datdry expenditure fraction is a decision
variable, where the government decides on the ¢éoga¢nditure for each fiscal year. The total
budgetary expenditure fraction is estimated exogsiyofrom historical data by computing

the ratio of government expenditure as a fractiblGDP. Non-interest expenditure is the
difference between government expenditure andiméaiest payments. The total government
expenditure consists of six functional expenditufidge functional expenditures are; general
services, education, health, community/social sesji economic services and unallocated
expenditure. The functional expenditure share of-imberest expenditure is estimated from
historical data. The allocation of the functionapenditure is taken as a decision variable
where government based on the expenditure prisrdiecides the fraction of non-interest
expenditure to be spent on each area. Public imesdt is captured in the functional

expenditure by the share of government expenditiore economic services. In the

government expenditure accounting, for instanceirelé general services expenditure is the
actual government expenditure on general serviodsganeral services expenditure is the
actual expenditure. It is hypothesized in the gorent expenditure accounting that desired

expenditure equals the real expenditure.
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Considering government revenues the tax revenastisiated as a function of the effective
tax rate and gross domestic product. The effettixegate is the actual tax fraction of income
(GDP) actually collected by the tax authoritiestineated from historical data. Grants are
exogenous variable from historical data. Revenmelsgaants is the sum of tax revenues and
grants.

4.7 Public Debt Module
The conceptual framework of the public debt modislea SD-based adaptation of the

government budget constraint literature (Christ 896Blinder and Solow 1973). This
literature sets out that the fiscal deficit mustagthe sum of domestic borrowing, foreign
borrowing and seignorage and considers the imdadefecit financing on output (Islam and
Wetzel 1991). Guided by the economic models sugggethat growth can be stepped-up by
increasing resources for investment, governmentieeéloping countries have often resorted
to borrowing to supplement revenue. The borrowesbuece is often used for investment
purposes and/or consumption smoothing (Campbel®}138owever, due to various reasons,
including increased spending resulting from popotatgrowth, external shocks, bad
economic management, as well as output decline igdslow recovery thereafter,
government spending consistently exceed its reyemergce causing a continued borrowing
(Lindauer and Velenchik 1992; Jha 2001; Ghatak &uahchez-Fung 2007). As a

consequence, debt accumulates causing a heaviutelan.

The public debt model demonstrates transparenglyrtachanisms that generate debt. Public
debt disaggregates into domestic and foreign seurBebscripts are used to separate
domestic debt from foreign debt. Principal reliefdainterest relief in the model are only
applicable to foreign debt, and are representedexggenous variables generated from

historical data.

19 The following variables: ( borrowing, borrowingafition, public debt, total public debt,
repayment, debt maturity, interest payments dueyast payments, obligatory interest rate,
interest rate, interest addition, accrued intetiagrest subtraction) in the public debt model

as shown in figure 1la are subscript variables s¢painto domestic and foreign.
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We assume that government finances its budgetidéficborrowing from domestic and

foreign sources and depict it as a result of a gowent budget constraint:

pd, +i'D%-1+i,'D i1+ Ddt%nd + fo%nf =Bd, =gB" + 9B’ (21)
Where pd, is primary deficit, itd is the domestic interest rat® is the domestic public
debt of the previous yeaipf is foreign interest rateD ' is the foreign public debt of
previous year,m” is the domestic debt maturityp is the foreign debt maturityBd, is the

budget deficit,gBtd is the domestic borrowing angBtf is the foreign borrowing.

We express the stock of total public deld, J from the government budget constraint

equation and the public debt model in figure 1foHews:

D, =D%+D", (22)
D¢, = [Ddt-1+(dt)gBtd —(dt)[Ddt%n dﬂ+[A| 91+ (dt)la® + (dt)Ui; - (dt)is’] (23)
D' = [th-1+(dt)gl$f —(dt)(fo%ﬁ)}[Alft-ﬁ(dt)laft i~ +[o (£ -1 Haro ] 24)

Here Al is domestic accrued interest obligation of thevimgs year, (dt)la’; is the
domestic interest obligation accrugkit)Ui; is the domestic unpaid interest payments,
(dt)1s®; is domestic interest obligation eliminatiod) -1 is the foreign accrued interest
obligation of the previous yeafdt)la'. is foreign interest obligation accrual(dt)Ui': is
foreign unpaid interest paymen(slt)lsft is foreign interest obligation eliminatior, is the
current average exchange rate per yéay,is average exchange rate of the previous year and

(dt)ert—l is the foreign public debt forgiven per year.

Equation (22) demonstrates that total public deirsists of domestic public debt and
foreign public debt. Equation (23) defines the dsticepublic debt, where the first term of
the equation represents the integration of domésttcowing and domestic repayment into
the domestic public debt. The second term chanzetgthe integration of domestic interest
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obligation accrual, domestic unpaid interest payseand domestic interest obligation
elimination into the domestic accrued interest gdtion. In equation (24), the first term of
the equation represents the integration of fordsgmowing and foreign repayment into
foreign public debt. The second term representsrifegration of foreign interest obligation
accrual, foreign unpaid interest payments and dorenterest obligation elimination into
foreign accrued interest obligation. The third teepresents the foreign debt adjustrirent
where the change in exchange rate is multipliethkbyforeign debt. The last term represents
debt relief.

The public debt model adopted the ‘co-flow struetu¢Sterman 2000) to account for
‘accrued interest obligation’. As government borspwt attracts an interest obligation, which
is referred to as ‘interest obligation accrual’gdgure 12). The ‘interest obligation accrual’
is stored into a stock of ‘accrued interest oblm@t ‘Accrued interest obligation’ represent
the total obligatory interest to be serviced peary®©n the other hand, when repayment on
debt is made, it decreases ‘accrued interest dlaigathrough ‘interest obligation
elimination’. In sum, the co-flow structure helps to keep track of ‘accrued interest

obligation’ as an attributes of public debt.

Obligatory interest rate is estimated as accrueerest obligation divided by public debt.
Assuming that government is able to service alergdgt payment due, where interest
payments due equals’ interest payment. In thaatin, ‘obligatory interest rate’ (as is being
referred to in this model) would be known as ‘ageranterest rate’. However, in the model,
we postulate that depending on government debtepufdheasured by debt-GDP-ratio),
interest payments due can be rescheduled for fgayment. The addition of unpaid interest
payments to the stock of accrued interest obligaticeate imbalance between public debt
and accrued interest obligation, therefore, theapeinterest rate on public debt is referred

to as ‘obligatory interest rate’.

Unpaid interest is the difference between intepsstments due and interest payment. The
model separates interest payments due from int@@gnhents because when government
debt burden is high, deficit spending is reducedrdscheduling interest payments which

inadvertently reduces borrowing. Interest payments is estimated as public debt multiplied

1 Foreign debt adjustment is the foreign debt iredidue to changes in exchange rate.
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by obligatory interest rate. Interest paymentsestenated as interest payment due multiplied
by effect of debt-GDP-ratio on interest paymentise Tion-linear function of the effect of
debt-GDP-ratio on interest payment is as shownguaré 11 below. According to figure 11,
as debt-GDP-ratio increases, governments’ abilitgdrvice interest payments is reduced; as
a result a fraction of the interest payments dwigally paid.

1.05

1

0.95

0.9

0.85 \
>

0.8 A

effect on interest payment

0.75

o] 0.2 0.4 0.6 0.8 1 1.2
Debt-GDP-ratio

Figure 11: Non-Linear effect of Debt-GDP-Ratio oterest Payment

The foreign debt adjustment is most often unacamirfor in many studies such as
(Simonsen 1985; Meijdam and Stratum 1989; Saee@;1®nhadji 1997; Helbling, Mody et
al. 2004). In many developing countries, foreigrbtdadjustment is a significant debt
component that is often not recognized. The foreaight adjustment in the public debt
module captures the debt incurred due to exchaatgechanges. The adoption of a Structural
Adjustment policy of currency exchange liberaliaatand the resulting devaluation, as well
as currency devaluation policies significantly eased the exchange rate in many developing
nations, Ghana included, in the 1980s after margrsy®f a fixed exchange rate policy
regime (Islam and Wetzel 1991; Konadu-Agyemang 20®ince foreign loans are
contracted in foreign currency, the sudden increas¢he exchange rate following the
liberalization of the exchange market significanthcreased the foreign debt in local
currency equivalence. This is captured in the momlekcount for the exchange rate effect on
foreign debt accumulation. As the exchange rateease¥, ceteris paribus foreign debt is

increased by the debt incurred from the exchantgeimarease (foreign debt adjustment). It is

12 Exchange rate is the current market price of 1ddi&r to 1 Cedi (Ghanaian currency). An
increase in exchange rate is when more cedi isetedexchange for 1 US dollar. That is to

say that the local currency (cedi) has depreciatede US dollar has appreciated.
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important to note that foreign debt adjustmentearisnly when the exchange rate changes. In
cases where exchange rate remains stable, theoefagseign debt adjustment. The stock and

flow structure of the public debt module is as showfigure 12.
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Figure 12: Stock and Flow Structure of Public Debt

4.8 Households Module
In the household module, real total household ireasncalculated as the sum of income

(GDP) and total net transfers. In other words, tetl household income equals the sum of
income from production, private transfers, privateome and interest payment from
domestic loans. Private transfer and private incamgeexogenous variables from historical
data. Disposable income to households is the suaftef-tax income. It is assumed in the
model that, the household use their disposablemectmor consumption and or savings. The
consumption decision of households in the modelrass that households will spread

existing resources to achieve a smooth consumptiofile and the excess resources will go
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for savings. We speculate that as disposable inaiges, consumption as well as savings
increases. Over time, savings are used for invedtmbkich builds-up capital for production

whereas; increased consumption can move aggregatamd upward consequently leading
to more production to meet demand for goods andicesy. The structure of the household

module is as shown in figure 13.
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Figure 13: Structure of Household Module

4.9 Land Module
The land module represents the urban land, aguieiliand in use and other laidand

account for the factors responsible for the chamgekese categories of land. In the model,
urban land increases as agricultural land and démer are converted for urban land use due
to population increase in urban areas. In the magehssume a per capita space for each
person in the urban area. Therefore, desired udrahis defined as urban population by per
capita space. Agricultural land increases as mtrerdand is transformed into agricultural
land and decreases as agricultural land is movethtr land due to land fertility decline and
transformation of agricultural land to urban landedo urbanization. Desired agricultural
land is calculated as indicated per capita landainiculture by rural population. Here,
desired agricultural land is the land desired bynfxrs to support their livelihood. It is
assumed that agricultural activities occur onlyha rural areas. Indicated per capita land is
defined as normal per capita land for agricultund affect of fertilizer use on agricultural
land expansion. It is postulated that as fertilimee decreases due to increase in fertilizer
prices, per capita land for agriculture increases t reduction in land fertility. Therefore,

13 Land other than for agriculture and urban land use
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for a farmer to achieve the production targetsdlaize must be increased. The stock and

flow structure of the land module is as shown gufe 14.
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Figure 14: Stock and Flow Structure of Land Module
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4.10 Employment Module
The stock and flows structure of the employment @@ shown in figure 16.
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Figure 16: Stock and Flow Structure of Employmermtddle

Neoclassical economics postulate that employmepemtts on both the supply of and
demand for labor. Demand for labor is representetie model by a variable called “desired
labor”. As desired labor changes, employment agjtistough net hiring. Desired labor
depends positively on expected aggregate demangbfuis and services and negatively on
wages. Net hiring is the difference between desiabdr and employment divided by the
hiring adjustment time. The total workforce is defil as the working age population (age 18-
60 years). Wages is the income share of labor ifrecs taken to be equal to GDP). In the
model, wages is formulated by exponential smoothindicated wages are the negotiated
wages. The real wages adjusts to their indicatdaesavith a delay (wages payment time).
This adjustment time determines how rapidly wagspond to the result of negotiations. In

the model, wages payment time is monthly, adjustroan take place at a minimum of 0.08
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years. Indicated (negotiated) wages is a functiograss domestic product and labor income
share adjusted by the unemployment effect on wagés. equation for representing

employment is as follows;

Ep, = Ep,, +(dt)nh, (25)

Where Ep, is current employmentzp,_; is previous year employmenth, is net hiring. Net

hiring is represented by equation (34) as;
nh, = If[wf, > Ep,,(dL, - Ep,)/® 0| (26)

Here Wf, is total workforce,dL, is desired labor, an® is time delay to adjust net hiring.

Equation (35) represents the desired labor as;

_xd (l—a)
dL, ="t Nw, / Ep, (27)

Here, xd, is expected demandl— a) is labor income share, ardw, is nominal wage.

The supply of labor is referred to as total workéar The unemployment fraction is the
unemployment relative to the total workforce. Assumhat the unemployment fraction

increases unexpectedly. This will push wages dowasyahus keeping wages lower than
when the economy is in equilibrium, i.e. normaleTgffect of the unemployment fraction on

wages is represented by the nonlinear functionrgget in figure 15. Figure 15 shows that,
as the unemployment fraction increases, wages dpestad downwards because the
unemployed labor would rather work for less wadpestbeing unemployed. We assume that,

decreasing wages will stimulate demand for labositey an increase in employment.
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Figure 15: Non-linear effect of unemployment franton wages

The employment module postulates that employmepbupnities are filled by workforce

with the highest educational attainment respectivét other words, it is assumed that
workforce with tertiary education attainment is thest category of workforce to be

employed, followed by workforce with secondary eatian attainment, primary education
attainment and lastly, non formal education respelgt The acquisition of human capital is
represented by an exponential smoothing. The realan capital adjusts to its indicated
value with a delay (time to adjust human capitadjlicated human capital is a function of
average years of schooling and employment. Theeseptation of human capital in the
model is based on Loening’s human capital estimatiethod (Loening 2005). The equation

representing human capital is as shown below:

hc, = he,_, +(dt)che, (28)

Here, hcis the human capital anchcis the change in human capital. The change in human
capital is calculated in the model as:

che, = (ihc_, —hc,_,)/the (29)

Here, ihc,_, is the previous year indicated human capital #mds the time to adjust human
capital. The indicated human capital is calculatetthe model as:

ihc, = Ep,_, * ays,, (30)
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Here, Ep,_, is previous year employment amagls_, are the previous year average years of
schooling. The average years of schooling is ddfase

ays, = SUM (eart_l *nys ) (31)

Here, ear, , is the previous year education attainment ratio ayslis the number of years of

studies. The educational attainment ratio meastines level of education among the

workforce.

4.11 Agriculture Module
Agricultural production in developing countries hagually been dominated by small-scale

farmers who are known to produce up to 90% of fooaasumed in some countries in Africa
(Lambert 1989; IFAD 1993). In Africa, it is estineat that small-scale farmers make up at
least 73% of the farming population (Garrison 198AD 1993; Odulaja and Kiros 1996)
and it is expected to be about 90% in Ghana. Téeksind flow structure of the agricultural

sector is as shown in figure 17.
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Figure 17: Stock and Flow Structure of Agricultukéddule
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The agricultural production function in the modudlects the characteristics described. The
production function used in the agricultural modigebased on the agricultural production
function by Odulaja and Kiros (1998with modification. The modification here is thate
introduce a fourth factor of production, i.e. capitwhich represents investment in
agricultural research and extension servitesin most developing countries in Africa,
agricultural activities are small-scale, which makée use of agricultural machinery.
However, government investment in agriculture tigftoagricultural research departments to
produce high-breed seeds, to come out with bestifigr practices and advice farmers on

cropping pattern is considered here as the cappitéhe agriculture model. In the module,

agricultural production Y% ) is calculated as a function of yield per hectgyh ) and land

area cultivatedd, ).

Y? =yh *dl, (32)
Where vyield per hectareyli) is portrayed as a function of reference yield Ipectare y),
relative environmental effectefl), relative management effectn(), relative capital effect
(K?#) represented as;

yh =ry*en* rm* K* (33)
In the module, we define relative environment dffeen) as;

AT

Here, rf, is average annual rainfall, arrdl_;is the initial average annual rainfalft,is the
current fertilizer consumption ft,_ is the initial fertilizer consumption arnfiis the agric

environment elasticity.

Relative management effeatn() is portrayed in the module as;

“ . y=1(L)g(E)h(M). Where L is land size, E is environmental effeatsd M is

management effects and f, g, h are functions ngldb L, E and M respectively.
15 |s the application of scientific research and nkewowledge to agricultural practices

through farmer education
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rm= (hc%cat_ljd (35)

Here, hc®is the current human capital in agricultural sectéord hc®:-1is the initial human

capital in agricultural sector, andl is the agric management elasticity.

Lastly, relative capital is portrayed as;

K = (Var (36)

I3
(i,
HereVa, is the current agricultural capital, i.e. investmienagricultural research and
agricultural extension staf{/a_; is the initial agricultural capital andis agric capital

elasticity.

In the agricultural module, agricultural productisndriven by the increase in availability of
the production factors i.e. land, environment, ng@naent and capital. Agricultural value
added is the price of agricultural products andicagjural production is calculated as

agricultural yield by value added to agriculture.

4.12 Industry Module
The stock and flow structure of the industrial mieds as shown in figure 18.
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Figure 18: Stock and Flow Structure of Industriadddle

The industry module employs a Cobb-Douglas produacfunction to represent industrial
production. Industrial capital is accumulated thlglouindustrial capital acquisition and
industrial capital depreciation. Industrial capitatquisition is defined by industrial
investment divided by per unit cost of industrialpital. Industrial capital depreciation is
based on the perpetual inventory method with a comgeometric depreciation rate of 4%
(Collins and Bosworth 1996). This gives an averhigeof industrial capital of 25 years.
Industrial human capital represents the human aagitcumulation in the industrial sector of
the economy. Industrial production is representgd a

Yit = (Kit—l)M * (hCit—l)l_/Ji * |pit—1 (37)
Here, Y'iis the industrial productionK i1 is the industrial capitalhc'i-1is the human capital

in the industrial sector|p'i«is the industrial labor productivity andiis the industrial

physical capital elasticity.
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Labor productivity calculation in the module is edson the labor productivity function
(Sargent and Rodriguez 2000). In the industrial mt@dve define labor productivity as;

Ip'c =1p' e (dt)clp, (38)

Here, Ip'. is the industrial labor productivityclp, , is the change in industrial labor

productivity. Change in the industrial labor protiuty is the difference between indicated
labor productivity and labor productivity adjustbyg time. Indicated labor productivity is a
function of initial industrial labor productivityeffect of industrial labor-capital ratio growth

and effect of industrial capital growth.

4.13 Service Module
The stock and flow structure of the service modsil@s shown in figure 19.
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Figure 19: Stock and Flow Structure of Service Medu

The service module like the industrial module usesCobb-Douglas production function to
estimate the service production. Service capitatualates through service -capital
acquisition and service capital depreciation. Sergapital acquisition is the delayed capital
acquisition which is service investment divided gBr unit cost of capital service. Service
capital depreciation follows the perpetual inventastimation of capital with 6.67%
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depreciation rate which translates to 15 years alise capital life. Service labor
productivity follows the definition of Sargent arRiodriguez (2000) as explained in the

industrial sector. The service production is defias;

Y = (K St—l)/'lS * (hCSt—l)l_/JS * |pst—1 (39)

Here Y is the service productiork °-i1is the service capitahc®-1is the human capital in
the service sectotp®i-1is the service labor productivity ang is the service physical capital

elasticity.

4.14 Investment/Aggregate Production Module
The investment module simply represents how adtcall industrial and service

investments are calculated. In the model, investsnare apportioned to the three sectors of
the economy (agriculture, industry and servicesa lolecision variable, investment share. We
assume that 10 percent of investment goes to thieu#igral sector, 40 percent to the
industrial sector and 50 percent to the serviceéosetnvestment to the various sectors is
portrayed as investment multiplied by investmertrehGross domestic product is the sum of
industrial production, service production and agtigal production. The sector GDP ratio
accounts for the ratio of each sector of productmhe total production. The structure of

investment and production is shown in figure 20.
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agricultural
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<industry sectoral
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Figure 20: Structure of Investment and Aggregatel&ction Module
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5. Validation

Validation of the model is an integral part of ounodel development (Forrester and Senge
1980; Sterman 1984; Barlas 1996; Sterman 2000; &uimger and Grosser 2008). First, the
model is firmly grounded in empirical research aoreomic growth (Smith 1776; Solow
1956; Romer 1990; Stern 1991; Solow 1994; Ranisw&tt et al. 2000), demographic
transition theory (Thompson 1928), SD-based adaptatf the government budget constraint
literature (Christ 1968 ; Blinder and Solow 1973)dahe debt trap theorfSaeed 1993).
Second, the validation of the parameter valuegzeatidraw on variety of data sources such
as; quarterly digest of statistics from Ghana Stiaal Service, world development indicators
from the World Bank, international financial stétis from IMF, world population prospects
from UNDP, demographic and health surveys in Grarthexpert opinions from interviews.
Third, the model has been extensively analyzedgusiructure-oriented behavior test (e.g.,
extreme condition test, boundary adequacy testvantication test). Finally, in the behavior
reproduction tests we compared the simulation dupth several historical times series
(e.g., total population, life expectancy (femald® expectancy (male), under-five mortality,
government expenditure, gross domestic productsdtmald income, disposable income,
foreign debt and domestic debt). The result frora behavior reproduction tests (Theil

inequality) is presented as follows:

5.1 Behavior reproduction test
In a behavior reproduction tests we compare thailsition output with several historical

times series. Summary statistics of historical (8terman 1984) has become a standard
validity test for system dynamics models (Oliva 8P9The summary statistics proposed by
Sterman (2000), apply mean-square-error (MSE) ¢éontleasurement and interpretation of

forecast errors by comparing the model output $tohical data. The MSE is defined as:
2

1 n

" Z (St - A ) (40)

n =

Wherenis the number of observationss time, S is the simulated value at time t, aid is

the historical value at time t.
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Failure to fit the historical data with simulatedlwe may be caused by a poor model or by a
large degree of randomness in the historical datierihan 1984). Sterman employs the Theil
statistics (Theil 1966) to decompose the MSE. Thequality proportions’ (Theil statistics)

derived from the MSE are:

UM - (5-7) (41)

Iy (s-A)

Here, UM is the fraction of MSE due to biaS§ is the mean of the simulated values arid

the mean of the historical values.

Us = (Ss ~Sa )2 (42)
1 2
- S —
S2.(8-A)
Here, U®is the fraction of MSE due to unequal varian&js the standard deviation of

simulated values an8,is the standard deviation of historical values.

_ 2(1-r) S¢S,
“Y (- A)

Here, U%is the fraction of MSE due to unequal covariance aris the correlation

UC

(43)

coefficient.

UM +U®+U°=1. Table 3 present the error decomposition ostheo-economic model.
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Inequality Statistics
Variable RMSE| uM us uc R?
Total population 0.018 0.013| 0.320| 0.667( 0.998
Life expectancy (female) 0.020] 0.192 0.760| 0.048| 0.998
Life expectancy (male) 0.025| 0.437( 0.537| 0.026] 0.998
Under-five mortality 0.19¢ 0.573| 0.332] 0.096( 0.952
Government expenditure 0.433 0.352| 0.056( 0.591| 0.759
Gross domestic product 0.115 0.167| 0.167| 0.666| 0.849
Household income 0.119 0.185| 0.298| 0.517( 0.871
Disposable income 0.122 0.172( 0.230| 0.598| 0.827
Foreign debt 0.800 0.128| 0.043| 0.829| 0.773
Domestic debt 0.286 0.407( 0.158| 0.435| 0.856

Table 3: Error Decomposition (Theil Inequality)

Table 3 demonstrates that the model reproduces trafables with a high accuracy ranging

fromr? = 075tor? = 0.998. This indicates that there is a strong correlati@ween the
model output and historical data. On the behavadidity, table 3 shows the results of total
error from MSE breaks down into bias™)) unequal variance ®and unequal covariance
(U%). The result in table 3 indicates that most of theiables except i.e. government
expenditure, foreign debt and domestic debt have&SRMbove 20%. This strongly indicates
that the model endogenously tracks major variablese well. Moreover, all the variables
except i.e. life expectancy (female), life expectafmale) and under-five mortality, shows
that the major part of the error is with the coaaion component as compared to bias and
unequal variance which are relatively small. Thisady shows that simulated variables
tracks the underlying trend well, but diverges pdigrpoint. This might indicate that the
majority of the error is unsystematic with respecthe purpose of the model, and it should

not therefore be rejected for failing to match dla¢a points.
The high error associated with bias i.e. life expecy (female), life expectancy (male) and

under-five mortality might be due to the few datanps available for historical data of these

variables.
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6. Model behavior: the base run
This section presents a base run simulation thatiniended to replicate historical

development and the future development base opriésent. The simulation time frame is
from 1960 to 2080.

6.1 Demographic transition
Figure 21 shows the evolution of total populatiomde births rate, crude deaths rate and out-

migration rate on the left hand side and infanttaldy rate, life expectancy and total fertility
rate on the right hand side from 1960 to 2080.
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total fertity rate : baserun

Figure 21: Base run: demographic transition

Ghana’s total population have been increasing fapproximately 6.8 million people in 1960
to around 18.9 million people in 2000 and by 20@@al population will be 52.1 million if
current trend continues. The net annual populagronvth rate decreased from 2.5% in 1960
to 2.3% in 2000 and will be 0.59% in 2080. The nm@gterminants of population growth, i.e.
mortality and fertility have been declining overtlgears and will continue amidst some
slowdown, which is consistent with the demograghaasition theory. Out-migration on the

other hand continues to rise as population incseaser time.
Mortality, measured by the crude deaths rate shawscreasing trend from 1960 to 2045,

after which crude deaths rate started increasihg.cfude deaths rate of 21 deaths per 1000
people in 1960 fell to about 8.7 deaths per 10Gipleein 2000 and will decrease further to
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6.1 by 2045 before increasing again to 8.7 by 208Me current trend continues. The
significant decrease in mortality is an indicatiohfundamental improvement in Ghana’s
human health which is also evident in the improvetnod the infant mortality rate and the
life expectancy as shown on the right hand sidégofre 21. The infant mortality rate was
179 infant deaths per 1000 live births in 1960 haad fallen over the years to about 85 by
2000 and will fall further to around 24 deaths @00 live births in 2080 if current trend
continues. Life expectancy at birth has increaseoh 43 years in 1960 to approximately 62
years in 2000 and will be 82 years by 2080. Thdimedn mortality and increase in life
expectancy at birth is caused by a higher litenatg, increased access to basic health care
and increased real per capita income in USD'PP®s per capita income in USD PPP
increases, normal life expectantyo be achieved increases as well. Moreover, agatiy
rate and access to basic health care increasesfets on normal life expectancy is assumed

to be positive, thus further increasing life expecty at birth.

The crude birth rate remained above 40 births P&0Ipeople from 1960 until about 1985
when it started reducing. The crude birth rate idedl from 45 births per 1000 people in
1960 to 35 births in 2000 and will be 18.2 birtley £000 people in 2080 if current trend
continues. The crude birth rate remained highean tha crude death rate from 1960 to 2080,
and this explains the population increase. Whitedacline in crude birth rate is substantial,
it is far above the replacement level fertilityeaif 8.7 births per 1000 people (crude death
rate in 2080). The total fertility rate — the avgganumber of children a woman would have
during her life given the current fertility ratelif substantially from 5.5 children in 1960 to 4
children in 2000 and will be 2.2 children in 2080he factors responsible for the decline in
total fertility rate are increase in the contracepprevalence rate, and a decrease in desired
number of children per woman due to decline in wide mortality rate, increased literacy
rate and increased per capita income. As contraeepsage increases due to an increase in
literacy rate, and promotion of contraceptive us®ugh public education, it is postulated
that the total fertility rate will decline becauskthe reduction in the probability of unwanted
children being born. In addition, as under-five tabty rate decrease, total fertility rate is
expected to decrease due to the positive relatipristween under-five mortality and total

18 United States Dollars in Purchasing Power Parity
7 Normal life expectancy is the life expectancy thamsiders income as the only

determining variable.
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fertility rate. Also, an increase in literacy raémd per capita gross national income is

assumed to decrease total fertility rate.

In summary, in Ghana, birth rate has continuouglgrbhigher than the death rate over the
years; consequently, the population has grown stargly from 1960 to 2000. The base run
simulation indicates that birth rate will continteeexceed birth rate by 2080.

6.1.1 Age-sex structure
Figure 22 shows the age-sex structure distributibiGhana’s population for 1960, 2000,

2040 and 2080. The male population is on the lafichside and the right hand side portrays
the female population. The population pyramid shdvesmale and female population into 5
years age cohorts from age 0 to age 80 and overxJdxis represents the population size

and the bar represents the population size in ageftohort.
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Figure 22: Population pyramid for 1960, 2000, 2aAd 2080
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Ghana’s population bears a youthful structure &itbroad base consisting of large numbers
of children and a conical top of a small numbeeloferly persons. The population pyramid

shows that Ghana’s population continues to expawdulse of the tremendous momentum
built into its young age structure, as larger nurebef people are born each year. The
structure of the population in Ghana as showngarg 22 implies that even if the average
number of children born per woman falls substalytias compared to what is it now, the

young age structure will generate growth in popofafor decades to come as successively
larger number of people enters their childbearigg. aThe shape of the population pyramids
shows the transitional nature of Ghana’s populatrom 1960 to 2080. The population is

experiencing a transition from high births and teattes to a rapid and continuous drop in
deaths rates without a corresponding reductionrthdrate. Consequently, the proportion of
the population within 15-60 years as well as tldedy (60+) years is expected to increase

over time.

Table 4 shows the share of the population in absadad relative terms in the various age

cohorts.

Age Cohorts 1960 1980 2000 2020 2040 2060 2080
0-14 3.13E+06 4.92E+06  7.73E+06 9.65E+06 1.05E+07 .18E+07 | 1.34E+07
15-59 3.40E+06 5.92E+06 1.01E+0 1.65E+Q7 2.24E+02.64E+07 | 2.91E+07

60+ 2.85E+05 5.27E+05 9.87E+0bH 1.96E+06 3.61E+06 79Bt06 | 9.68E+06
Total 6.82E+06 1.14E+0Y  1.89E+0V 2.81E+07 3.66E+074.50E+07 | 5.21E+07
0-14 0.46 0.43 0.41 0.34 0.29 0.26 0.26
15-59 0.50 0.52 0.54 0.59 0.61 0.59 0.56
60+ 0.04 0.05 0.05 0.07 0.10 0.15 0.18
Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Table 4: Population by Age Cohorts in absolute rhative terms

Leaving the share of population in relative termslater discussion, we consider the share of
population in absolute terms. The simulation outeondicates significant increase in all age
cohorts from 1960 to 2080. This is a reflectiorthad continuous increase in population over
the years. Considering the share of populationelative terms (as a proportion of total
population), table 4 shows that, the share of theufation under 15 years (0-14) has been
decreasing from 46% in 1960 to 41% in 2000 and vélR6% of the population in 2080. The

relative reduction of the under 15 population isyv&gnificant and is mainly the result of a
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fertility decline. The age 15-59 has increased f&0f0 in 1960 to 54% in 2000 and is likely
to be 56% in 2080. The relative increase in theldg89 is an indication of the improvement
in the human health condition in Ghana and theifseggmt increase in life expectancy at
birth. The share of the elderly (60 and older)ha population increased slightly from 4% in
1960 to 5% in 2000 and is expected to increaseifsigntly to 18% by 2080 due to the
transition that the population is going throughisTindicates that the aging process is slowly
creeping in because of the improvement in healtustwhich, consequently, increases the
life expectancy at birth. The growth of the workiage population and the elderly is also

evident in the gradual broadening of the top ofgbpulation pyramid.

In summary, the population of Ghana is increasing #he increase is expected to continue
due to the rapid drop in deaths rates without aesponding rapid reduction in births rate.
Moreover, the changes of the age structure areutemes of the dynamics of fertility and

mortality through the demographic transition.

6.2 Education
Figure 23 shows the base run simulation of the atilutal expenditure, the educational

capacity (schools), the enroliment fraction andltieeacy rate from 1960 to 2080. The graph
on the top left hand side shows the government atthual expenditure and the capital
educational expenditure used for building up theucational capacity for the three
educational levels (primary, secondary and tertiarythe model. On the top right hand side
of figure 23 shows the simulation of the educatiarzgacity available for the primary, the
secondary and the tertiary education. On the bolédinmand side of figure 23, the simulation
shows the average enrollment rate for the primig,secondary and the tertiary education.
Lastly, the bottom right hand side shows the litgraate among the female and the male

population.
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Figure 23: Base run: Educational expenditure, etituta capacity, enrollment and literacy fraction

The behavior of the educational expenditure inégathat the government of Ghana’s
expenditure on education is very significant and bias been consistent over the years and is
expected to continue to 2080. Historical data iatlis that 11% of government’s non-interest
expenditure went to the educational sector in 1860 increased to 14% in 2000 and is
therefore assumed to remain constant over time.edewy capital expenditure distribution to
the three educational levels clearly shows thatgineernments’ educational policy places
more emphasis on primary education, followed byosdary education and tertiary
education. It is estimated that 25% of the govemisieeducational expenditure goes to
capital expenditure for primary education, whilel#$6 and 5% goes to the secondary and
the tertiary education, respectively. Consequeetliycational capacity in the primary level is
expected to be higher as compared to the seconaladythe tertiary education. The
educational capacity simulation shows that by 2089expect primary education capacity to
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be approximately 48830 as compared to 1800 in 19®@ secondary and the tertiary
educational capacity are simulated to be around &M@ 157, respectively, by 2080. The
increased primary educational capacity implies thate children within the primary school
going age can be enrolled. This will then incretieprimary enrollment fraction as well as
the literacy rate. On the other hand, the relagivahall secondary and tertiary educational
capacity implies that not all the primary scho@dyrates and the secondary school graduates

can access secondary and tertiary education, rdsggcdue to inadequate capacity.

The enrollment simulation shows that the primarmo#ment fraction decreased from 55% in
1960 to 49% in 2000 due to the inability of thenpatry educational capacity to keep pace
with the increase in the population of primary swhgoing age (age 7 populations). The
primary enrollment fraction is expected to increagmificantly from 49% in 2000 to 100%
in 2080due to an increase in government education experdiThis will, subsequently,
increase capital expenditure for primary educaiesuming government educational policy
remains unchanged. It is important to note thatational capacity is calculated only based
on the cumulative government capital expenditureducation. Therefore an increase in the
educational capital expenditure subsequently isa®aducational capacity. The secondary
enrollment fraction increased from 12% in 1960 8&3in 2000 and will be 90% by 2080.
The increase in the secondary enroliment rate iseth by a combination of increased
secondary education capacity and a declining numbprimary school graduates as a result
of decreasing primary enrollment. Tertiary enrolimicreased shapely from 15% in 1960 to
25% in 2000. However, the tertiary enrollment fractwill be 37% by 2080 due to lack of
significant investment in tertiary education whidonsequently, results in limited capacity
and enrollment. The literacy rate simulation shdhat in Ghana, there are more literate
males than females. The literacy rate among thalfemopulation increased insignificantly
from 31% in 1960 to 34% in 2000 and is expectelde®6% by 2080. On the other hand, the
literacy rate among the male population decreamgifisantly from 59% in 1960 to 52% in
2000 and will be 74% by 2080.

To summarize, using educational spending as a measwovernments’ educational policy
focus, it is established that the governments’ $odustorically has been on primary
education. Therefore, investment in tertiary edocasignificantly falls short of the desired
investment. By 2080, the government is likely ttniage 100% enrollment fraction at the

primary level, while secondary enrollment fractisrlikely to be around 90%. However, only
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37% of the secondary graduates will have accessrtiary education by 2080 due to lack of
investment in tertiary education. It is recommentiegt government refocus its educational
priorities on secondary and tertiary education toldothe needed capacity to facilitate

economic growth which will consequently have a pesieffect on social development.

6.3 Health
The base run simulation in figure 24 shows somecsedl indicators that portrays the

dynamics of the health sector in this socio-ecormomodel. On the left hand side of figure
24, the graph shows health care spending (public pivate), the number of health care
centre, population-health care centre ratio andsighl access to health care facility from
1960 to 2080. On the right hand side, we have sitianl results for practicing physicians,

population-physician ratio and access to basicthealre.

2B 20.000
4.000 40,000
400.000 8,000
60,000 0.8
0.8 0.8
1
8 0
0
0 0
0 0
o 0.4
1960 1975 1990 2005 2020 2035 2050 2065 2080 1960 1975 1990 2005_ 2020 2035 2050 2065 2080
Time (Year) Time (Year)
Health Care Spending : b Practicing Physicians : baserut
Health Care Centers : haseru "population-physician ratio rural" : baserus
:DODulal?on-headth care center rat?ﬂj:[RURAL] : bage "population-physician ratio urban" : baseru
populaton-fiealth cae center raio JURBAN] - e access to hasic health care[RURAL] : basertn

physical access to health care fcilityRURAL] seain
physical access to health care facility URBAN] seain

access to basic health care[URBAN] : baser

Figure 24: Base run: Educational expenditure, etitutal capacity, enrollment and literacy rate

Health care spending fluctuated from 1960 to 2008 eesult of government health spending.
Government health care spending oscillated betwéemnd 7% of government non-interest
expenditure over the period. It is assumed thahf&@900 to 2080, government health care
spending will remain at 7% of non-interest expemdit As absolute health care spending
increases, a fraction of it would go to capital exgiture on health. Therefore, health

capacity (health care centre) is expected to isereAccording to the model, health care
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centre’s increased from 60 in 1960 to approxima®@dy in 2000 and is expected to be
around 3289 by 2080. The population-health caretreematio illustrates the average
population per health centre. The population-hea#ite centre ratio is disaggregated into
rural and urban areas due to the observed diffeseimcthe distribution of health facilities to
rural and urban areas. The population-health cargre ratio in the rural areas decreased
from 265,270 people per health centre in 1960 @710 in 2000 and it will decrease further
to approximately 35,362 by 2080. The populationkheeare centre ratio in the urban areas
decreased significantly from 48,723 people perthezntre in 1960 to 21,620 in 2000. It is
expected that population-health care centre ratithe urban areas will reduce further to
approximately 6,544 people per health centre by)208e high population-health care centre
ratio in the rural areas compared to the urbansaestablishes the skewed distribution of
health facilities in the urban areas. The drastigeeted reduction in population-health care
centre ratio in rural is caused by the increaseeth centre’s due to increase in health care
spending. On the other hand, the reduction in @djui-health care centre ratio in the urban
areas is due to the significant increase in headifitre’s to accommodate the increase in
population in the urban areas due to increase aittheare spending coupled with the
existing skewed distribution of health facilitiesfavor of urban areas. By 2080, population-
health care center ratio in urban areas will biengs better than in the rural areas.

Physical access to health care facility measuresatitess to health care facility using a
combination of the effect of population-health caester ratio to physical access to health
care facility and the effect of distance on phylsaess to health care facility. Experience
from studies in developing countries indicates thstance to health care facility is one of the
critical factors that determine the use of theliigciThe model simulation establishes that the
fraction of population that have physical acces$i¢alth care facilities in the rural areas
increased from 30% in 1960 to 49% in 2000 and ik wcrease further to 77% by 2080. In
the urban areas, the fraction of population thaehahysical access to health care facilities
increased from 55% in 1960 to 63% in 2000 and It wcrease to 99% by 2080. We can
conclude that, the low physical access to health tacility in the rural areas from 1960 to
2000 is due to the longer distance to a health tzoiity as a result of low health care

facility density’® in rural areas.

18 Health care facility density refers to the numbgpersons per square kilometer of land
area.
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Practicing physicians increased from 400 in 196@puproximately 2066 in 2000 and will
increase to around 12832 by 2080. This gives a lptipo-physician ratio of 39,790 in the
rural areas and 7,308 in the urban areas in 1966.pbpulation-physician ratio decreased
sharply in the early 1960s due to the sharp ineraasphysicians and the population-
physician ratio then increased again from 1980.iMurthe period of 1960 to 1980,
population-physician ratio in the rural areas daseel from 39,790 to 18,417 while that of
the urban areas decreased from 7,308 to 3,382m EA80, the population-physician ratio
begins to increase, reaching a peak of 22146 in3@H0 in the rural areas and 4067 in year
2011 in the urban areas. The increase in the pogoHphysician ratio is attributed to
population increase in both urban and rural aragsassing the increase in physicians in both
areas. It is expected that by 2080, the populatiwysician ratio in the rural areas will have
fallen to 9,134 and that of the urban areas is &epeto fall to around 1,677.

From the forgoing discussion, it is expected thateas to basic health care in rural Ghana
will lag behind that of the urban Ghana due todretthysical access to health care facility
and low population-physician ratio in the urban @daAccess to basic health care was 20%
in the rural areas in 1960 and 44% in the urbaasatdowever, access to basic health care in
the rural areas increased from 20% in 1960 to 3Y20D0 and will increase to 62% by 2080.
The urban areas also experience an increase issatwéasic health care from 44% in 1960
to 50% in 2000 and will increase to 80% by 2080.

6.4 Labor
The dynamics of the labor sector is shown by figgBe The left hand side demonstrates the

expected demand for goods and services and empityfoe the three sectors of the

economy, i.e. agriculture, industry and servicese Tight hand side shows total expected
demand for goods and services, total employmenal toork force and unemployment

fraction for the economy in total.
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Figure 25: Base run: expected demand, employmaetnployment and total work force

The simulation result shows an increasing trendefqrected demand in the agriculture, the
industrial and the service sectors of the econoAy.expected demand increase, the
demanded labor to meet the demand for goods andceerincreases as well. Hence
employment increases. The employment in the agmi@l, the industrial and the service

sectors of the economy increased from 1960 to 2080.

Total expected demand increased from approximadely billion in 1960 to around 8.1
billion in 2000 and will increase to 122.14 billiam 2080. The increase in production is a
reflection of an increase in total expected demadrnd total work force was 2.4 million in
1960 of which 1.6 million are employed. By 2000 ttal work force had increased to 9.12
million, of which 7.75 million were employed. Themailation result indicates a slow-down
of growth in total work force from 2035. This istrdiuted to the demographic transition
which is changing the age structure of the popuati Total employment increases from
1960 up to 2035. After the year 2035, the total leyrpent increases at a decreasing rate.
The increase in total employment is insufficientremluce unemployment due to a more
significant increase in the work force. The incee@s total employment is caused by an
increase in total expected demand and the reduictiamerage per capita wages. Production
increase causes employment to increase. Also, lanéen average per capita wages causes
employment to increase as more employees can loewth the same amount of wages.
Average per capita wages decreased significant ft860 to 2000. After the year 2000,

average per capita wages then started a graduabse, and is expected to continue to do so
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up to the year 2050, when the average wages wildoal the 1960 wage level. After 2050,
average per capita wages is expected increaseficagriy. The 1960 to 2000 decline in
average per capita wages is attributed to unempmayms unemployment increases, the
effect of unemployment on wages decreases nomirgesv resulting in a reduction in

average per capita wages.

The unemployment rate is a reflection of the défere between total work force and total
employment. The unemployment rate decreased shiarghg early 1960s, i.e. from 33.4% to
15.5% in 1973 and oscillated between 16.8% and fré% 1973 to 2010. Unemployment
rate is expected to decrease from 14% in 2010 tel%40by 2080. The decline in
unemployment is caused by an expected continuausase in total expected demand, and a

slow-down in the increase of the total work force.

6.5 Production
The base run behavior of the agriculture, industrg service of the economy is shown in

figures 26, 27 and 28 respectively. They are erpldibelow:

6.5.1 Agriculture
The simulation result of the agriculture is evidentigure 26. The graph on the top left hand

side of figure 26 indicates that from 1960 untiD@Dthe agricultural yield increased amidst
some fluctuations. The fluctuation in agricultuyald is explained mainly by the variations
observed in the yield per hectare. However, theegmse in agricultural yield is predominantly

a result of the increase in agricultural land ie.us
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Figure 26: Base run behavior of agricultural sector

400
40,000

200
20,000

0]
0]

1960 1975 1990 2005 2020 2035 2050 2065 2080
Time (Year)

annual rainfall : baserur
fertiizer consumption : baserur

Figure 26: Base run behavior of agricultural sector

The graph on the top right hand side of figure Béwss the three main factors that account
for the variation in the yield per hectare. Theethifactors are management, agriculture
capital and environment. The increase observed anagement is due to improvement in
human capital among the farmers. As the educatiatt@ihment increase as explained in the
education sector for all workers in Ghana, it igpented that agricultural labor will duly

benefit from an increase in knowledge. Also, theease in agricultural capital is as a result
of an increase in government investment in agucaltresearch and extension services. As
agricultural research increases, the findings @& tbesearch are disseminated directly to
farmers to help improve yield. Moreover, increasextension services increases farm visit

to advice farmers on new and better ways of farmifige fluctuations observed in the
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environment, is explained by the graph in the bottd figure 26, which shows the behavior
over time of annual rainfall and fertilizer consurop based on historic data. We confirm
that the unstable rainfall and general reductiorfesfilizer consumption account for the
variation in the environment and, consequently,yib&l per hectare from 1960 to 2000. It is
important to note that, agriculture in Ghana ishhigdependent on rainfall. The use of
irrigation water for agriculture is very insigniféint. The pattern of the fertilizer consumption
clearly shows that fertilizer use for farming intdired in Ghana in the mid 1970s, then
oscillated during the late 1970s and early 198Q3stH&@ mid 1980s, fertilizer consumption
declined significantly. Various studies in Ghanair(fpong-Ansah 1991; Ayittey 1992;
SAPRIN 2002) have implied that one of main factibvat explain the reduction in fertilizer
consumption is the removal of agricultural subsidiey the government since the
implementation of structural adjustment programe Téite 1990s saw a sharp increase and
immediate fall of fertilizer consumption and we byipesize that fertilizer consumption will
stabilize at the current consumption level duessuanption of stable price

The graph on the top left hand side shows the behaver time of the value added per unit
of agriculture product. It is evident that valueded to agriculture, i.e. the real price of
agriculture raw materials is generally decreasingrotime. In 2000, the real price of

agriculture raw materials stands at only 50% of1860 price. As explained by Junne (1991)
the IMF and World Bank policies have undoubtedigtabuted to the decrease in agriculture
raw material prices (Junne 1991). The immediateceéfdf the currencies devaluation policy
implemented by the IMF and World Bank in developsauntries is that exporters receive
more in terms of the domestic currency for the gotbdhn before. This signal to farmers in
most countries to increase their output for expgmmaand the resulting glut has helped to
bring about the fall in the world market price. Tévgort orientation of the IMF and World

Bank policies for agriculture therefore made thingsse.
Thus, it is not surprising that even though agtigall yield increased in general over the

years, agricultural production, i.e. total outpuiltiplied by the value added did not increase
correspondingly. This is due to the price reductibagricultural product.
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6.5.2 Industry
The base run behavior of the industrial sector shihvat industrial production increased over

the 1960 to 2000 period.
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Industrial Capital : baserun
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industry production : baserun

Figure 27: Base run behavior of industrial sector

The increase in industrial production is as a tesuan increase in human capital. However,
from 1960 to 2000, industrial capital and industtebor productivity declined. A high
industrial capital depreciation compared to theustdal capital acquisition explains the
decline in the industrial capital level. The relaty low industrial capital acquisition is due to
inadequate investment in industries and the higst @ industrial capital. The falling
industrial labor productivity is explained by theadtining capital-labor ratio due to low
physical capital base of the industrial sector a®tlining technology. As growth in
employment surpasses the growth in physical capitgbital available per employee, i.e.
capital-labor ratio declines. As the capital-labatio decreases, coupled with low technology
growth (in part due to a low physical capital grbyindustrial labor productivity decreased.
On the other hand, the steady increase in humaitat@p due to combination of gradual
improvement in the average years of formal schgadimong the industrial workforce and an
increase employment. As investment in educatioreases, the educational capacity enabled
an increase in the recruitment of educated pedpler time a more educated workforce

become available for employment which, consequeinttyeases the average years of formal
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schooling among the workforce and, accordingly, hibenan capital in use. The industrial

sector duly benefit from the increase in humanteapi

We established that the slow growth in the indaksector from 1960 to 2000 is explained
by the low physical capital base of the industsettor. This, consequently, affected labor

productivity: hence the observed decline in labodpctivity in the industrial sector.

6.5.3 Service
The service in the economy exhibits similar behagi® the one explained for the industry.

As shown in figure 28, services production incrélaa®ng side human capital from 1960 to
2000 and the increase continued to 2080. The isereahuman capital is as a result of an
increase in educational attainment, i.e. averagarsye®f formal schooling due to an
improvement in education. However, service catal service labor productivity declined
from 1960 to 2005 as shown in figure 28. The decimservice capital is attributed to a high
service capital depreciation compared to the sereapital acquisition due to inadequate
investments. On the other hand, the service lalbodygtivity decline is attributed to a

declining capital-labor ratio and technology growth
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Figure 28: Base run behavior services sector
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6.6 Public Debt
Figure 29 shows the behavior of the total debt divee, budget deficit, interest’'s payment

and foreign debt adjustment on the left hand siikthe domestic and foreign interest rates
and the real exchange rate change on the right $ided

600 B 2
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2B 08
0 0
0 0
0 -0.002 _
400,000 | 1960 1990 2020 2050 2080
1960 1975 1990 2005 2020 2035 2050 2065 2080 )
) Time (Year)
Time (Year)
real total debt : baserum obligatory interest rate[DOMESTIC] : basersp——————
real budget deficit : baserum obligatory interest rate[FOREIGN] : basertghi————

real interest payment : baserur
Foreign Debt Adjustment : baserum

real exchange rate change : basertr

Figure 29: Base run behavior showing governmergnag, expenditure, public debt, foreign debt adjest,
interest payments and interest rates

The behavior of the budget deficit indicates thawvegnment expenditure consistently
exceeded revenues and grants from 1960 to 200@hanidase run simulation indicates that
budget deficit will continue to increase to the y2880. The gap between expenditures and
revenues (budget deficit) is closed by borrowirapsequently, debt builds up. The total debt
increased from 1960 to 1980 amidst some fluctuatiamd then decreased suddenly in the
early 1980s, but started to increase again frone#nly 1990s and is expected to increase to
the year 2080. As total debt increases, interegimpats on debt increase which, in turn,
increase government expenditures and the budgeitdEfomestic and foreign interest rates
on the right hand side of figure 29 shows thatititerest rate charged on public debt from

both domestic and foreign sources.

The obligatory interest rate is separated into tbatlomestic debt and that associated with
foreign debt. The domestic obligatory interest dr@pped sharply from 0.11 in 1960 to 0.04
in 1961. From 1961 to 1980, the obligatory domestierest rate increased gradually from
0.04 to 0.12. The period 1960s to 1980 was an &enwhe financial sector in Ghana was
characterized by a fixed ceiling on interest rateedit guidance for different sectors and

fixed ceiling on credits. Interest rate controlses that the government governs the interest

Page 69 of 88



rate. This explains, perhaps, the slow increasaterest rate from 1960 to 1980 (Mensah
1997) regardless of the high inflation rate in ds®@nomy, - well above the interest rate. The
domestic obligatory interest rate then rose shainagn 0.12 in 1980 to 0.41 in 1992. This
sharp increase is attributed to the significantrwacof interests in the early 1980s and the
high interest rate charged on domestic borrowimgnt1980, the domestic interest rate
increased from 0.10 to 0.24 in 1992. The interatd rose due to the gradual deregulation of
the financial sector when the Financial Sector @tmal Adjustment Program (FINSAP) was
adopted (Mensah 1997). As a result, the interagt increased towards the market
conditions. From 1992, the domestic obligatory nesé rate was briefly reduced until it
increased once more and reached 0.48 in 2000 ampexcted to be 1.23 by the year 2080.
On the other hand, foreign obligatory interest m¢ereased from 0.05 in 1960 to 0.02 in
1976. This reduction is attributed to the shift gdvernment borrowing from private
borrowing in the financial market to concessionahrls from bilateral and multilateral
sources. The relatively low interest rate on cosiogsl loans compared to private credit,
(Krassowski 1974; Killick 1978) ensures that thdéigdiory interest rate decreases during the
period. The foreign obligatory interest rate insegh significantly during the period 1977 to
1990, from 0.02 to 0.06. The increase in the @lddigy interest rate from 1977 to 1990 is
ascribed to the combined effect of an increasdeninterest rate on concessional loans and
increase in accrual of interest. The interest oateoncessional foreign borrowing increased
during the period 1977 to 1990 from 0.02 to 0.0& assponse to the rise in the interest rate
worldwide. Moreover, the increase in accrual derast stepped up the accumulation of
accrued interest which, invariably, increased thégatory interest rate. The obligatory
interest rate decreased slightly from the 19911le¥®.05 to 0.04 in 2000. This follows the
reduction of interest rate on concessional loahg. dbligatory interest rate is expected to be
0.1 by the year 2080

The graph in figure 29 i.e. right hand side shokat from 1960 to 1980, the change in the
real exchange rate was negative. This is due toirtipfementation of a fixed currency

exchange regime (Islam and Wetzel 1991; Boafo-Arif899). From 1980, the change in the
real exchange rate became positive and then irentestgarply between 1983 and 1986. This
sharp increase is attributed to the deregulatiothefcurrency exchange market during the
Structural Adjustment era (Boafo-Arthur 1999). Sedpsently the exchange rate adjusted to
the market rate as a result of the deregulatiomsinsiome fluctuations after 1990, - based on

the strength of Ghana’s balance of payment.
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7. Policy Analysis and Discussion

7.1 Policy Analysis
In this study, we have subjected four fiscal pekcio an experimental investigation. The

main focus of the policy analysis is by seeking thest successful fiscal policy that
facilitates the improvement of socio-economic depsaient (SEDI) and ensure fiscal
sustainability (cumulative budget deficit and d&lidP ratio). The experiments are supposed
to guide our selection of fiscal policy to achidhese twin goals. We conducted an ex-ante
simulation analysis from 2000 to 2080 to examire ithpact of each fiscal policy (overall
policy) and policy combinations (distributional mdés) on the twin goals. Three
distributional policy® areas were tested for each fiscal policy (ovepalicy) to further
explore their impact. The permutation of the dmttional policy and the overall policy gave
twelve policy combinations alternatives, which wegsted to evaluate their impact on socio-
economic development and ensure fiscal sustaibabllhe twelve policy combinations are:
Plbr is expansionary policy with base case expendipatern,Plel is the expansionary
policy with economic investment focuflsi is the expansionary policy with social
investment focusP2br is the contractionary policy with base case expenglipatternP2ei

is the contractionary policy with economic invesimiocus,P2si is the contractionary policy
with social investment focu®3br is the balanced budget policy with base case akper
pattern,P3el is the balanced budget policy with economic invesit focus,P3s is the
balanced budget policy with social investment fo&utor is the combined policy with base
case expenditure patterR4el is the combined policy with economic investmertus, and

P4si is combined policy with social investment focusblBab shows the policy setup.

19 The distributional policy are; base case (br), necoic investment (ei) and social

investment (si)
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Policy Expansionary poalicy Contractionary Policy Balanced Budget Combined Policy
P1) (P2) Policy (P3) (P4)
Expenditu
Fractional expenditure Fractional expenditure Fractional expenditure| Fractional expenditure
PLbr Plei P1s P2br P2ei P2si P3br P3ei P3s Pébr Pdei P4si
Functional Expend®
1.General servic&s 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
2.Com/soc. Servic&s | 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
3.Economic servicés | 0.23 0.38 0.23 0.23 0.38 0.23 0.23 0.38 0.23 0.23 0.38 0.23
4. Education 0.14 0.14 0.21 0.14 0.14 0.21 0.14 0.14 0.21 0.14 0.14 0.21
5.Health 0.04 0.04 0.12 0.04 0.04 0.12 0.04 0.04 0.12 0.04 0.04 0.12
6.Unallocated expefti| 0.25 | 010 | 010 | 025 | 010 | 010 | 025 | 010 |010 | 0.25 | 010 | 0.10
Expenditure Policy
Medium term
1. Expend® (% GDP) 0.35 0.22 0.25 0.40
2.Tax re?®(% GDP) 0.25 0.25 0.25 0.25
Long term
1.Expend (% GDP) 0.40 0.25 0.30 0.25
2.Tax rev (% GDP) 0.30 0.30 0.30 0.30

Table 5: Policy Setup and Analysis

The four policies and the distributional policy aseexperimented are described as follows:

Expansionary Fiscal Policy (P1): This policy will ensure that government increases

expenditure to facilitate economic and social itwvesat. The assumption underlying this

20 Functional expenditure

21 General services expenditure consists of the fdflg spending: general public service,
defense, public order and safety

22 Community and social services expenditure consi$tthe following spending: social
security and welfare services, housing and commuamtenities, recreational, cultural and
religious services

23 Economic services expenditure consists of theofdhg spending: fuel and energy,
agriculture, forestry and fishing, mining, manutaatg and construction, roads and railways,
other transportation and communication and othen@aic services.

24 Unallocated expenditure consists of the followsmending: transfers to other levels of
government, social efficiency fund, others

2 Expenditure

26 Tax revenue
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policy is that as government increases expenditimgestment and social services increase,
which helps to stimulate the economy. Consequeptigduction increases which result in
increased tax revenue. However, this policy is @ased with a high budget deficit resulting
in high public debt due to government expenditumescstently exceeding tax revenue. In the
ex-ante policy experimentation, this policy is implented by increasing expenditure from
34% of GDP in 2000 to 35% by 2010 (medium term) @&nd0% by 2080 (long term). On the
other hand, tax revenue is demonstrated to incrizase 19% of GDP in 2000 to 25% by
2010 and to 30% by 2080.

Contractionary Fiscal Policy (P2): With this policy, government expenditure is
reduced to decrease budget deficit and consequeuiblyc debt. This policy is often used or
recommended in times of public debt crisis. The espohning argument for the
contractionary policy is that, as public debt irmges, government spending should be
reduced to generate budget surplus to service thicpdebt. On the other hand, the
contractionary policy is argued to focus mainly fiecal balance ignoring social and
economic development, which suffers as a resuthefcut in government spending. In the
ex-ante policy experimentation, this policy is implented by decreasing expenditure from
34% of GDP in 2000 to 22% in 2010 and to increas25% by 2080. It is important to note
that tax revenue for 2010 is assumed to be 25%0# Gy 2010 and is to increase to 30% by
2080.

Balanced Budget Fiscal Policy (P3): The balanced budget policy ensures that
government spending is fully funded by tax revenli@s policy ensures that government
avoids the possibility of overspending which resutt public debt. In the ex-ante policy

analysis, this policy is implemented by ensuringt thovernment spending and tax revenue
are always equal. That is government expendituasssimed to reduce from 34% of GDP in
2000 to 25% by 2010 and increase to 30% by 2080.

Combined Policy (P4): This policy is a combination of expansionary figgalicy in the

medium term and contractionary fiscal policy in tbeg term. The combined policy ensures
that government expenditure exceeds its revenubemmedium term to build human and
physical capital to increase production and socmemic development. When the
foundation of the economy is perceived to be strgogernment fiscal policy is changed to a
contractionary policy to ensue that the previouscdds financed through a future surplus.
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This policy is implemented by increasing governmexpenditures from 34% of GDP in
2000 to 40% by 2010 and then reducing it to 25%2B80. However, government tax
revenue is assumed to be 25% of GDP by 2010 aBd%oby 2080.

Distributional Policy
Three distributional policies are identified andtésl to evaluate their impact on socio-

economic development and fiscal sustainability. yTéue;

Base case (br): This distributional policy maintains the statusodgoy ensuring that the
functional expenditure distribution of governmempenditure remains unchanged from the

pervious yeatr.

Economic Investment (ei): This distributional policy ensures that government
expenditure prioritizes economic investment as #mgine of growth. This policy is
implemented by assuming that 38% of the governmegenditure is earmarked for
economic investment. This is achieved by reducimgftaction of government expenditure
for unallocated expenditure from 25% to 10% andtisligi the 15% difference to economic

investment to make it 38%.

Social Investment (si): The social investment distributional policy wihsure that
government expenditure focuses on education antlhhéhis policy is implemented by
reducing the fraction of government expenditure daellocated expenditure from 25% to
10% and shifting the 15% to education and health.aAresult, the education expenditure

fraction increases to 21% and the health experedttui2%.

7.2 Policy Discussion
The policy discussion describes the future consscpi®f the policy interventions on the

socio-economic development and fiscal sustainghiitGhana. Table 6 shows the results of
the policy experimentation. For the purpose of Hnalysis, the success of a policy depends
on its ability to increase socio-economic developmedicator, i.e. SEDI, increase

cumulative budget surplus and to reduce debt-GD#®. ra
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Policy
Indicators

Expansionary policy (P1)

Contractionary Policy (P2)

Balanced Budget Policy (P3)

Combined Policy (P4)

Plbr

Plei

Pls

P2br

P2ei

P2si

P3br

P3el

P3si

P4br

Pdei

P4si

Impact on:

SEDF’

Fiscal Sustainability
1.Cum.bud def® (+/-)
2.debt-GDP Ratio

0.60

3.3E+11
3.30

0.61

3.6E+11
3.15

0.61

3.4E+11
3.27

0.56

-1.1E+11
0.02

0.57

-1.2E+11
0.02

0.57

-1.2E+11
0.02

0.57

6.1E+09
0.12

0.59

6.1E+09
0.10

0.59

6.1E+09
0.11

0.57

4.4E+10
0.89

0.58

4.3E+10
0.82

0.59

4.3E+10
0.86

Table 6: Result of Policy Analysis

The outcome of the first fiscal policy (P1) is esid in the simulation result portrayed in
figure 30. Considering the impact BL on SEDI, thePlei andP1s produced slightly higher
SEDI as compared tBlbr. As shown in table 6, it is expected that the enmntation of
P1br will increase SEDI to 0.60, while that Bfiei will give SEDI of 0.61 andP1si resulting

in SEDI of 0.61. On the other hand, the impacPbfon debt-GDP ratio indicates thatei
gives slightly lower debt-GDP ratio, i.e. 3.15. Tingplementation oP1si gives debt-GDP
ratio of 3.27, while that ofPlbr indicate a debt-GDP ratio of 3.30. Considering the
cumulative budget deficit, polidylei generate the highest budget deficit (3.6E+11hasva

in table 6, while policyP1s generates budget deficit of (3.4E+11), and pdHitir results in

a budget deficit of (3.3E+11).

Evaluating the expansionary policy (P1) to the base simulation as shown in figure 30
indicates that P1 increases SEDI slightly as coethao the base run simulation and
significantly decreased the debt-GDP ratio overetimhis indicates that the expansionary

policy performs better as compared to the currefities pursued by the government.

27 Socio-economic development indicator consistsasfous indicators of education, health,
social services and income as a measure of sooimedc development or progress.

28 Cumulative budget deficit
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Expansionary Policy (SEDI) Expansionary Policy (Debt-GDP Ratio)
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Time (Year) Time (Year)

sedi: baserurr “debt -gdp -ratio" : baserun
sedi:Plbr “debt -gdp -ratio” : P1br
sedi: Plei “debt -gdp -ratio” : Plet
sedi: Plsi “debt -gdp -ratio” : P1st

Figure 30: Results of Expansionary Policy Runs

Figure 31 shows the expected outcome from the sithoul of the contractionary fiscal policy
(P2). It is evident that policid22br, P2el, P2si reduce SEDI slightly as compared to the base
run simulation also shown in figure 31, but sigrafitly reduce the debt-GDP ratio.
Moreover, as shown in table 6, the cumulative budggplus from implementing2br, P2ei,
and P2si is very significant compared to what is obtained unebgransionary policies. The
simulation outcome from P2 shows th@Rei andPsi policies give the slightly higher SEDI
(0.57) between the three contractionary policiesjlevP2br produce a SEDI of 0.56.
Moreover, the three contractionary policies, P2br, P2ei, and P2si considerably reduce the
debt-GDP ratio from 0.88 in 2000 to 0.02 by 208Be Effect of the contractionary policies
on the budget deficit is reported in table 6. Timplementation of policie®2br, P2el, and
P2s results in a cumulative budget surplus of 1.1EH12E+11, 1.2E+11 respectively. The
simulation outcome of P2 shows that poliegei and P2si yields the highest cumulative

budget surplus followed by2br.

Comparing the simulation analysis of the contrawiy policies to the expansionary policies
and the base case simulation clearly shows th#teifnain goal of government is to achieve
socio-economic development, then the expansionaligi@s is the best fiscal policy option
to pursue. If on the other hand, the main goalasfegnment is to ensure fiscal sustainability,
then the contractionary policy is the best poligytian to pursue as compared to the
expansionary fiscal policy and the base case siiuola
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Contractionary Policy (SEDI) Contractionary Policy (Debt-GDP Ratio)
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sedi: P2si "debt -gdp -ratio" : P2si

Figure 31: Results of Contractionary Policy Runs

The outcome of the balanced budget fiscal policgpparent in the simulation of figure 32.
The simulation result evidently shows that the bedal budget policy did not significantly
change SEDI compared to the base case simulatiah. tBe balanced budget policy
significantly reduces the debt-GDP ratio and theuawlated budget deficit over the
simulation period. Policied?3br, P3ei, and P3s yield SEDI of 0.57, 0.59 and 0.59
respectively. The simulation result indicates tRat reduces debt-GDP ratio from 0.88 in
2000 to 0.10 by 2080. This indicates that the batinced budget fiscal policy with respect
to the debt-GDP ratio iB3e. PoliciesP3si, andP3br shows debt-GDP ratio of 0.11 and 0.12
respectively. The cumulative budget deficit frone thalanced budget policies indicates that
all the three policies i.€23br, P3ei, and P3s produced a similar cumulative budget deficit of

6.1E+09 over the simulation period.

Comparing the balanced budget fiscal policies ®odther policies, as portrayed in table 6,
shows that the balance budget policy is the sedmsd policy with regard to the socio-
economic development. Also, the balanced budgetypd the second best policy to reduce
debt-GDP ratio significantly. Moreover, apart frothe expansionary fiscal policy that
generates budget surpluses, the balanced budgey polthe fiscal policy with the least
accumulated budget deficit over the policy simolatperiod. This makes the balanced fiscal
policy an attractive fiscal policy in pursuit ofetliwin goal of socio-economic development

and fiscal sustainability.
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Balanced Budget Policy (SEDI) Balanced Budget Policy (Debt-GDP Ratio)

0.6 6
0.3 3
0 0
1960 1975 1990 2005 2020 2035 2050 2065 2080 1960 1975 1990 2005 2020 2035 2050 2065 2080
Time (Year) Time (Year)

sedi: baserurr "debt -gdp -ratio" : baserurr
sedi: P3br "debt -gdp -ratio" : P3br
sedi: P3ei "debt -gdp -ratio" : P3ef
sedi: P3si "debt -gdp -ratio” : P3si

Figure 32: Results of Balanced Budget Policy Runs

The simulation in figure 33 shows the outcome @& tombined policy experiment. The
simulation result shows that SEDI increases shghf a result of P4 compared to the base
run. However, the debt-GDP ratio is significantgcdeased by P4. The results portrayed in
table 6 indicate that at the end of the simulapenod, the combined policy accumulates a
budget deficit. PoliciesP4br, P4el, P4si shows SEDI values of 0.57, 0.58, and 0.59
respectively. This is slightly higher than the basse simulation. The result for the debt-
GDP ratio also indicates that policiedbr, P4ei, P4si reduce the debt-GDP ratio from 0.88
in 2000 to 0.89, 0.82 and 0.86, respectively. Thenwative budget deficit from the
combined policy is 4.4E+10 fé¥4br, 4.3E+10 foP4el, and 4.3E+10 foP4s.

Comparing the combined policy results with the otpelicies, we may conclude that the
combined policy result for SEDI is quite comparatdethe good results from the balanced
budget fiscal policy. This makes the combined potite third best policy to increase socio-
economic development. On fiscal sustainability,adbmbined policy result is only better than
the expansionary policy and less desirable to tmractionary and balanced budget fiscal
policies. That is, apart from the expansionary@glthe combined fiscal policy gives higher
debt-GDP ratio than the contractionary and the rizald budget policies. Moreover, the
combined policy is the policy with the second latgeumulative budget deficit. This makes
the combined policy the third desirable policy wigispect to the cumulative budget deficit.
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Combined Policy (SEDI) Combined Policy (Debt-GDP Ratio)
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Figure 33: Results of Combined Policy Runs

Ranking of Policy Indicators
Policies Overall
SEDI Fiscal Sustainability ranking
Expansionary policy (P1) 1% 4 4
Contractionary Policy (P2) 4 1% 3
Balanced Budget Policy (P3) 2nd 2nd 1t
Combined Policy (P4) 3¢ 3 2nd

Table 7: Policy Ranking

To summarize, the policy simulation results, (a®vah in table 7) indicates that the
expansionary fiscal policy is the best policy tacragase and enhance socio-economic
development in Ghana. With the expansionary figmalicy, as government expenditure
increases, social and economic investment increasdsch, consequently, increase
production and access to social services, i.ettheald education. On fiscal sustainability, the
simulation results lead us to conclude that thdraationary fiscal policy is the best policy in
that it significantly reduces the public debt burde Ghana. Concerning the contractionary
fiscal policy, as the government expenditures redioudget surplus is accumulated over
time to service outstanding public debt. This emtledecreases the debt-GDP ratio. The
balanced budget deficit was identified as the sédwmest fiscal policy with respect to the
socio-economic development and debt-GDP ratio. ddmabined policy is the third best
policy with respect to improving socio-economic eiepment and in reducing the debt-GDP

ratio.
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From the forgoing analysis, the best policy aime@chieving the twin goal of enhancing
socio-economic development and ensures fiscal isasiity in Ghana is the balanced
budget fiscal policy. The balanced budget fiscdlggas the most workable policy for the
government of Ghana to pursue because it guarastgeficant improvement in the socio-
economic development while, at the same time, amguiscal sustainability. Though a
contractionary fiscal policy reduces debt-GDP ratich more, the simple fact that it
reduces socio-economic development slightly dodsnmmake the contractionary policy the

most desirable policy

To elaborate on the policy choice, i.e. the baldrmgdget fiscal policy, it is expected that the
government expenditures is funded by governmeneme®s and grants to avoid debt
accumulation. We believe that if the governmentpasithis fiscal policy, innovative ways to
generate revenue for the government will be pursaadcrease government revenues. This
is based on the empirical evidence that signific@venue due to the government is not
realized due to an ineffective tax system and regesollection structures, especially at the
local level. Moreover, because a significant pdrthe economy in Ghana is informal, tax
evasion is very prevalent and, by instituting tightr structures, government revenues is
expected to increase significantly to finance exiitemes. It is important to note that, this
study is not against government borrowing for dffec investment that will increase

economic growth.

8. Scenario Analysis
The scenario analysis simulates the impact of twmeemented scenarios on the four fiscal

policies discussed as part of the policy analysstign. The two scenarios are debt

forgiveness and currency exchange rate increase.

Foreign interest rate increase scenario (S1): The foreign interest rate increase
scenario is based on the fact that current govemhnib®rrowings are concessionary
borrowing from the IMF and the World Bank. This sago assumes that if loans are
acquired from the private financial market, intéres loans will exceed the current interest

rate on foreign borrowing. The scenario is impletadrby assuming that by 2080, foreign
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interest rate will increase from 2.9% to 10%. T$eenario assesses the impact of increasing

tax revenue on socio-economic growth and fiscatsusbility.

Currency exchange rate increase scenario (S2): The currency exchange rate
increase scenario is informed by the observed aahstevaluation of local currency due to
factors such as bad macroeconomic managementtraigé deficit and devaluation policies
from IMF and the World Bank. For example, in 199 Ghanaian currency (cedi) did
exchange for the US dollar at a rate of 1 US dd#aB26.3 cedi. By 2000, 1 US dollar was
exchanged for 5455 Ghana cedi. As explained inphbelic debt module, the constant
increase in exchange rate of Ghana cedi to USrddtlas a significant effect on public debt
accumulation. This scenario is implemented by agsgirthat by 2080, 1 US dollar will
exchange for 15455 cedi. This scenario assessamieet of further increase in exchange
rate of Ghana cedi to US dollar on socio-econoreietbpment and fiscal sustainability.

Scenarios Expansionary Policy | Contractionary Policy | Balanced Budget Policy Combined Policy
(P1) (P2) (P3) (P4)
Scenario 1
SEDI 0.55 0.56 0.57 0.55
Fiscal Sustainability
1.Cumm.budget deficit (+/- 3.1E+11 -1.1E+11 6.1E+09 6.0E+10
2.Debt-GDP Ratio 4.15 0.02 0.13 1.23
Scenario 2
SEDI 0.60 0.56 0.57 0.57
Fiscal Sustainability
1.Cumm.budget deficit (+/- 3.3E+11 -1.1E+11 6.1E+09 5.9E+10
2.Debt-GDP Ratio 3.46 0.02 0.12 0.94

Table 8: Result of Scenario Analysis

The outcome from the scenario 1 simulation as shawable 8 and figure 34 establishes that
the balanced budget and contractionary fiscal padie the two best fiscal policies to be
implemented to ensure stable socio-economic dewedop and fiscal sustainability in an
event that interest on foreign debt increases. #®sva in table 8, under scenario 1 the
balanced budget fiscal policy (P3) yields a SEDD&7 and a debt-GDP ratio of 0.13 with
an accumulated budget deficit of 6.1E+09. On thHeeiohand, contractionary policy (P2)
yields a SEDI of 0.56 and a debt-GDP ratio of GaM& an accumulated surplus of 1.1E+11.

Under scenario 1, if the main concern of the gowemt is fiscal sustainability, then, the
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contractionary policy is the best policy

becausgritduces the least debt-GDP ratio as

compared to balanced budget policy. However, if ofsgective of the government is to
improve socio-economic development under scenarithien the balanced budget policy is

best policy to achieve socio-economic developmenith.

Scenario 1 Analysis (SEDI)
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Figure 34: Results of Scenario 1 Simulation

The outcome of the scenario 2 simulation is evidienable 8 and figure 35. We established
that in an event of currency exchange rate incrghgebalanced budget and contractionary

fiscal policy will be the best fiscal policies toangue to avoid accumulating new public debt

to increase the public debt burden and at the dameeensures sustainable improvement of
socio-economic development. The balanced budgetamitactionary fiscal policy proved to
be the fiscal policies that maintains the gradomdrovement in socio-economic development
and also ensures fiscal sustainability. Table 8catds that, under scenario 2, the balanced
budget fiscal policy yields a SEDI of 0.57 and dtd8DP ratio of 0.12 with a cumulative
budget deficit of 6.1 E+09, while the contractignéiscal policy yields a SEDI of 0.56 and a

debt-GDP ratio of 0.02 with a cumulative budgetpsus of 1.1E+11. The expansionary fiscal

policy guarantees the highest socio-economic dewedmt (SEDI of 0.60) with a
significantly high debt-GDP ratio which makes tlaiqy unsustainable.
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Figure 35: Results of Scenario 2 Simulation

In summary, the scenario analysis demonstratesitthatimportant for the government to
maintain fiscal discipline when interest rate onblpu debt increases. Furthermore, we
established that the only way for the governmentdbieve fiscal sustainability during
continuous currency exchange rate increase is ¢adawver spending i.e. to ensure that
expenditure are funded by revenues and grants. Wigegovernment manages to operate a
balanced budget, it is believed that the governnoamt achieve the twin goal of socio-

economic development and fiscal sustainability.

9. Conclusion
This paper presents a dynamic socio-economic nfodelssessing the impact of government

fiscal policy on socio-economic development anddissustainability. The model captures
the interactions between the social, economic artdigfinance sectors of the economy. The
base run simulation of the model establishes therthexplaining the observed behavior and
evolution of the major variables. We designed ahmetfor estimating socio-economic

development and fiscal sustainability which utiizene synthetic data from the model to
assess the desirability of the fiscal policy expemted. An ex-ante policy analysis was
conducted to understand and assess the impactlofadi@rnative fiscal policy proposed on

socio-economic development and fiscal sustaingbilit addition, a scenario analysis was
conducted to assess the impact of each scenatlegroposed fiscal policies.

To summarize, the policy simulation results indésathat an expansionary fiscal policy is the

preferred policy when one needs to increase andraehsocio-economic development. On
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fiscal sustainability, the simulation result cord#s that contractionary fiscal policy is the
best policy to significantly reduce the public déhirden in Ghana. The balanced budget
policy was found to be the second best fiscal polic increase the socio-economic
development and decrease the debt-GDP ratio. Tindioed policy is the third best policy in
terms of increasing socio-economic development aatiicing the debt-GDP ratio. We,
therefore, recommended the balanced budget fisdalypas the most workable fiscal policy
for the government of Ghana to pursue in orderctuese the twin goal of socio-economic
development and fiscal sustainability. Though at@xctionary fiscal policy reduces debt-
GDP ratio much more significantly than the balanbedget fiscal policy, the simple fact
that it reduces socio-economic development doesnase the contractionary policy the most

desirable one.
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