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A B S T R A C T 

This study examines the relationship between government expenditure on health and economic growth 
in Botswana. It seeks to test the existence of cointegration and specification of the deterministic 

components with special reference to the Pantula Principle. This helps to overcome the shortfall of the 
method by Johansen, which may lead to spurious results by omitting the presence of deterministic 

components in the analysis. The cointegration approach is used and tested using three methods by 
Engle and Granger (1987) or EG, a procedure suggested by Johansen (1988) and error correction 

model (ECM) approach proposed by Granger(1988) and short-run analysis is made using the pairwise 
granger causality tests. Findings show that the correct model specification for testing long-run 

relationships consists of one cointegrating vector with a constant which is the most restrictive 
hypothesis according to the Pantula principle. Using the Johansen approach, total health expenditure 

and recurring health expenditure have a cointegration relationship with growth while development 
health expenditure and growth are not cointegrated. The ECM and the approach by EG confirm a weak 

and/or no cointegration between the variables. Growth has no effect on government expenditure on 
health in the short run, but a cointegration relationship suggests that it may marginally contribute to 

an increase in health expenditure over the long term. The study clarifies the correct model to test for 
cointegration and specification for the deterministic component. It confirms the existence of a 

healthcare expenditure-led growth hypothesis. This requires Botswana to design a policy that targets 
specific parts of recurrent and development health expenditure to support human capital development 

and influence future growth. 

© 2023 by the authors. Licensee SSBFNET, Istanbul, Turkey. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/).    

 

 

Introduction 

This study examines the relationship between government expenditure on health (GEH) and economic growth, as proxied by gross 

domestic product (GDP), within the context of Botswana. At a global level, the need to understand this relationship is underpinned 

by sustainable development goals number three and eight which seek to ensure healthy lives and promote wellbeing for all at all ages 

and ensure sustainable and inclusive growth, full and productive employment and decent work for everyone. Health lives forester 

productivity and hence future growth of the economy. It is argued that high expenditures on health lower mortality and morbidity 

rates and result in a high working age of the population and later improves per capita incomes. As the health of the nation improves, 

so does the intellectual and physical development of the population. This justifies the need to improve government expenditure on 

health and invest in the human capital which drives production (Chakrabarti et al, 2019, Faruk et al, 2022, Nazar et al, 2022). More 

so, the level of GEH is a good indicator to gauge the success and failure of a country’s development plans (Ndaguba & Hlotywa, 

2021). 
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There are divergent views on the nature of the relationship between the two variables. For example, evidence show that the proportion 

of GEH is on the rise due to rapid economic development. Its increase results in an improvement in human capital which later drives 

economic growth. The changes in GEH and economic growth can be captured in absolute terms and using the rate of growth. The 

commitment by government on human capital development is seen by rising proportion of GEH as a percentage of GDP (Zhang et 

al, 2020).  

Evidence confirms that a relationship between these two variables exists in both short and long run (Dikmen, 2017, Azam et al, 

2019). However, there is considerable disagreement on the nature of the relationship between the two variables. Findings from past 

studies are both mixed and inconclusive. The multitude of economic and social pathways through which health affects growth and 

the reversal causal channel by which economic growth promotes health brings complications in understanding this relationship. This 

further cause challenges to trusted theoretical modeling and empirical identification. In dealing with health expenditure functions, 

availability of international data has fostered the development of a significant amount of empirical work. However, heterogeneously 

regulated, financed and managed health systems are pooled together, which arguably might limit the comparability across countries. 

Indeed, among the European countries there are sizeable differences in the health care systems. Accordingly, it is doubtful that data 

from different developing countries are better in terms of health care packages.  

Studies have applied different methods to test the bidirectional linkages between these variables. For example, positive association 

and relationships have been tested using constraint method, autoregression lag approach, and other methods employing panel data to 

help understand the dynamics involved (Murthy & Okunade, 2016, Atilgan et al, 2017, Sinha, 2021). Moreover the conclusions from 

panel data are unrealiable due to omitted variables bias and the presence of unobserved country and year specific determinants of per 

capita health expenditures. Several studies employ panel data unit roots (see, e.g Sen, 2005, Piabuo & Tieguhong, 2017, Raghupathi 

& Raghupathi, 2020, Abdulqadir et al, 2022) and raise concerns that panel data estimations of the GDP and GEH relationship may 

be spurious. Whilst, using panel data has advantages over cross-sectional data; it has its own problems ranging from the presence of 

trending variables in the regressors, such as GDP and GEH to the problem of exchange rates (Zulfikar & STp, 2019).  

The importance of GEH on economic growth is generally accepted but country specific dynamics also matter due to differences in 

quality of institutions and other macroeconomic factors. Poor institutions adversely affect the health of the population which is 

detrimental to growth in the long term (Sarpong et al, 2020, Seth et al, 2020). Improved health care stabilizes life and contributes to 

high worker productivity. In pursuant to this, the Botswana government seeks to improve both recurrent and development health 

expenditures and subsequently improve supporting infrastructure and the productivity of human capital. However, there is no clarity 

on the extent to which each component of GEH should be designed and how it will subsequently affect growth. In addition, there is 

dearth of evidence on studies that examine the linkages between GEH and GDP within the Botswana and African context. This limits 

the scope for initiation of policy and its application to help Botswana and similar countries in driving their human capital development 

and growth agenda. Past studies based on different jurisdictions leave policy makers, in context of emerging markets, with no 

direction on how to develop human capital and promote growth in, both, the short and long run. More so, conventional methods for 

analyzing the long-term relationships between the major variables produce spurious results which may lead to false conclusions and 

hence misdirected policy prescriptions.       

Consequently, by examining the relationship between growth and the composition of GEH, the study makes the following important 

contributions: applies pairwise granger causality tests within the Johansen multivariate cointegration and error correction framework; 

and employs the principle by Pantula (1989) to jointly determine the cointegration rank and deterministic components specification. 

By ommitting the presence of deterministic components in the analysis, the Johansen procedure leads to spurious cointegration. 

Specifically, this study contributes to literature and policy making by answering the following research questions: How does 

government expenditure on health contributes to economic growth and vice versa? Does this relationship depend on the type of 

government expenditure on health (GEH)? What is the correct model specification of deterministic components, in view of the 

pantula principle, and does it matter in enhancing our understanding of the long and shortrun relationship between the two variables?  

The rest of this study is organized as follows: section two puts the study into context by discussing health care and growth in 

Botswana; section three reviews literature that links the major variables; section four outlines the methodology; section five presents 

and discusses the main findings and section six concludes the study with policy implications. 

Literature Review 

Conceptual and Theoretical Background 

Botswana, at independence in 1966, ranks as one of the most poorest countries in sub Saharan Africa (SSA). After transformation 

the country is, now, classified within the middle income band being underpinned by a political leadership that pursues growth 

promoting policies. The country has strong political, economic and legal institutions. As much as the country depends on diamonds 

the adverse consequences of resource wealth are overcome by keeping government expenditure at economical levels. The country 

has an impressive sustainable development and political stability record (Fidzani, 1998, Samatar, 2005, Jerven, 2009, Makoni, 2015). 

The economy experiences three phases of development: the period 1960 to 1975 has much uncertainty as the country passes through 

a base setting and transitional phase. This sees the transformation of institutions and offering of developmental policy directions. The 

country experiences mainly state led development policies. The period from 1975 to 1989 witnesses rapid economic transformation 
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coupled with fast growth and limited structural diversification. The period from 1989 onwards witnesses a change in policy emphasis 

from a state to private sector led development strategy. The rate of growth slows down considering the dynamics in the polical 

environment (Maipose and Somolekae, 1999, Leith, 2001). According to Siphambe (2004) national development plans have always 

emphasized that the government should facilitate and not be an active participant in economic activities. However, despite being 

credited with good resource wealth management, as seen in high levels in health, education and infrastructure, the low quality of 

health outcomes is still a concern. This makes it more difficult to meet objectives on growth, diversification and alleviation of poverty.  

Botswana has one of the highest HIV/AIDS prevalence rate in the world standing at 18.5% and 15.6% in urban centres and rural 

areas respectively. This lowers life expectancy from 68 years (1995) to 36 years (2006) according to World Health Organisation 

(WHO) 2006 report. The Botswana Statistics office indicates a life expectancy of 57 years as per 2001 census. Prior to the HIV/AIDS 

pandemic life expectancy stands at around 48 years (1966) and 65.3 years (1995). Thus, the population looks healthier than an average 

SSA state due to having a higher life expectancy and lower infant mortality rate (Mogae, 2005). The high HIV/AIDS prevalence 

poses high morbidity and mortality rates and comes with other social costs as families lose loved ones. Additional expenses come in 

form of reduced productivity, high absenteeism from work, high staff turnover and additional hiring costs for firms which reduces 

growth. The country has made major strides in health care as close to 88% of the population stays within 8 kilometers of a health 

facility and trained personnel attend to 99% of births. The fight against HIV/AIDS is supported by non governmental, religious and 

community based organisations (Clover, 2003).   

The country is considered as the first, in Africa, to distribute antiretroviral therapy (ART) to all citizens. Treatment is free of charge 

in public health institutions and private medical aid facilities also help in many respects. At least 90% of those who are eligible 

receive ART. Huge investment has been made in building new medical facilities, recruiting qualified personnel and availing drugs. 

The overall adult HIV/AIDS prevalence rate falls among young adults and women. The prevalence rate among pregnant women has 

fallen over the years being 37.4% (2003), 33.7%(2007), 30.4% (2011) and now stands at 20.8% (2022). However, industry is still 

experiencing challenges as man hours are lost due to the high prevalence of HIV/AIDS pandemic. The government still faces high 

expenditure to assist victims through loss of breadwinners (Jefferis & Kenewendo, 2013, Clover, 2003). Much of the challenges in 

the response to HIV/AIDS occur in the health sector and most antiretroviral treatment in Botswana are delivered through the public 

sector.  

 More so, by focusing more on HIV/AIDS the healthcare system is still under pressure which contributes to poor outcomes in maternal 

and child health, non-communicable diseases and limiting women who are, mainly, heading families from participating in productive 

employment. In addition, developing a new model of growth would be dependent on improvements in human capital by working 

through investment in education and healthcare. The average expenditure on health has averages 5.5% of GDP between 2007 and 

2010 showing the government’s commitment to improving outcomes (Diop, Alam & Farole, 2015). More so, the 2020/21 budget 

speech shows that the Ministry of Health and Wellness receives the third largest share of recurrent budget allocations and the second 

in 2022/23 financial year covering provision of drugs, dressings, vaccines and provision of antiretroviral therapy (Matsheka, 2020). 

An analysis of growth in health spending in relation to economic growth provides useful guidelines because domestically financed 

public health dominates health spending in Botswana, and it accounts fully for the increase in this category of expenditure since 

2001. Before 2001, public health spending accounted for just over half of total health expenditures (THE) which hovers just above 4 

percent of GDP (Lule and Haacker, 2012). Sinha (2021) shows that THE is on a steep rise since 2001 being underpinned by a similar 

trend in RHE. DHE makes a gradual increase until 2009 before receding to 2002 levels until the end of 2013. GDP has been on the 

rise since 1983 with a slowed down witnessed in 2002 and 2008 due to global financial shocks 

Empirical Review 

The nexus between health care expenditure and growth has been examined in recent years. Findings are inconclusive and differ due 

to context, variable measurement, period and method of analysis. Literature shows that these variables have no relationship, positive 

relationship and negative relationship. For example, the hypothesis by Mushkin (1962) suggests a health led growth relationship. 

Investment in health is a type of capital as it improves incomes and overall economic growth. It contributes to human and physical 

capital accumulation. Rising expenditure on health improves productivity, quality of life and general welfare. More so, the 

endogeneous growth theory postulates that improvement in health boosts output. The positive effect of expenditure on health works 

through improved worker productivity since a health population adapts quickly, works longer and more efficiently (Aghion & Howitt, 

1996, Gaies, 2022). This is supported by past studies (Liang, 2012, Lee et al, 2019, Erçelik, 2018, Raghupathi & Raghupathi, 2020, 

Sinha, 2021, Abdulqadir et al, 2022, Gaies, 2022) which show that an increase in health care expenditure accompanies economic 

growth. This is realised as better health care stabilizes life and contributes to improved worker productivity. Ozturk and Topcu (2014) 

argue that health care expenditure leads to growth in the short run while feedback effects are experienced in the longrun. This is 

consistent with Bedir (2016) who shows that increases in income level stimulate healthcare expenditures in emerging markets. 

Furthermore, past studies (Erdil & Yetkiner, 2009, Bedir, 2016, Ogungbenle et al, 2013) suggest a two way causality between 

expenditure on health and growth. They state that increases in income stimulate expenditure on health. In addition, Mayer (2001) 

finds strong causality moving from growth to expenditure on health More so, Elmi and Sagedhi (2012) confirm a strong short run 

relationship moving from growth to expenditure on health and bidirectional causality in the long run. These findings are consistent 

with those by Aurangzeb (2003) who finds a positive relationship in both the short and long run. Studies (Mehrara & Musai, 2011, 
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Clemente et al, 2004, Arisoy et al, 2010, Samadi & Rad, 2013) confirm the existence of a strong and positive longrun relationship 

between the two variables. On the contrary, Esen & Celik Kecili (2022) find a unidirectional causal link moving from expenditure 

on health to growth. Others (Hassan & Kalim, 2012, Boussalem et al, 2014) find no relationship in the short run but a strong positive 

link in the long term. On the contrary, Bhargava et al (2001) find a positive but weak link between expenditure on health and growth. 

This is supported by studies (Cetin & Ecevit, 2010, Canbay & Kırca, 2022) that did not find any statistically significant relationship 

between the two variables. On the other hand, Kar and Taban (2003) find a negative and significant relationship between the two 

variables in the longrun. In addition, Wang (2011) suggests that an increase in growth leads to a reduction in expenditure on health . 

The stability of the relationship in the context of expenditure on health is a recent innovation. Freeman (2003) provides new evidence 

on the income elasticity of health care using a panel data set of expenditure on health and disposable personal income for the United 

States for the years 1966-1998. By combining stationarity and cointegration tests, it is revealed that expenditure on health and 

incomes at the state level are non-stationary and cointegrated. Dynamic ordinary least squares (DOLS) cointegrating regressions of 

the pooled state time series estimate the income elasticity of expenditure on health as ranging from 0.817 to 0.844, well below unity, 

confirming that health care expenditure, even at the aggregate level, is a necessity good. Clemente, Montanes, and Pueyo (2004) 

considering a sample of Organisation for Economic Co-operation and Development (OECD) countries examine the stability of the 

function using cointegration approach. However, the existence of cointegration only shows the presence of some changes in the 

elasticity and there is a long-term relationship between THE and GDP (Boussalem, Boussalem & Taiba, 2014, Ghorbel & Kalal, 

2016, Faruk et al, 2022). 

Research and Methodology 

Pantula Principle 

The Pantula principle specifies the correct order in which different versions of Dickey-Fuller test should be set up. Depending on 

restrictions on the parameters, the deterministic components, equation (7), can be modeled in five different ways starting from the 

most restrictive (Model 1) to the least restrictive (Model 5) specification. In this manner, Model 1 does not allow for any deterministic 

components. This is rather unusual and should only be used with great caution. Model 2 does not include any linear trends, but allows 

for constants in the co-integration space. This is the minimum deterministic component recommended by Johansen (1995) since the 

constants account for differences in measurement units. In addition to allowing for constants in the co-integration space, Model 3 

allows for linear trends. It is assumed, however, that there are no trends in the co-integration space. Thus, the linear trends enter the 

Vector Error Correction Model (VECM) as drift (constant) terms. In Model 4, both constants and linear trends are allowed in the co-

integration space, in addition to the drift terms. The linear trends in the co-integration space allow for r trend-stationary stochastic 

variables, that is, the variables are stationary after detrending, and p_r variables that are integrated of order one, that is, I(1) processes 

that also have a linear trend. This is the model to use if some of the stochastic variables are trend-stationary. Finally, Model 5 places 

no restrictions on the deterministic components. This case allows for linear trends in the differenced series, Dzt, and hence quadratic 

trends in 𝑍𝑡. This case is also considered to be unusual by Hansen and Juselius (1995) as it may be a case of model mis-specification. 

They recommend that more variables be added to the model to increase the information content and account for the quadratic trends.  

There are several works that treat the problem of deterministic components specification in Johansen procedure. Toda (1995), 

analyzes through simulation the properties of the Likelihod Ratio (LR) test using Model 2 and Model 3, as well as the capacity of 

the “Pantula Principle” to jointly determine cointegration rank and deterministic components specification. The study argues that the 

procedure usually requires specifying Model 2 even when the true process is Model 3. Doornik et al (1998) employ a data generating 

process (DGP) with a restricted trend within the cointegration space (Model 4). They show that a mis-specification of deterministic 

terms leads to a wrong cointegration rank. The non-inclusion of a restricted trend when it is present in the DGP causes distortions in 

the test size, while the inclusion of an unrestricted trend is problematic as it leads to a loss of test power. A restricted trend in the 

cointegration space and unrestricted constant produce good power and reasonable size, even when the true DGP has no trend and a 

constant. Gonzalo and Lee (1998) demonstrate that in cases where the presence of deterministic components is omitted, the Johansen 

procedure leads to spurious cointegration with probability approaching one asymptotically. Nielsen and Rahbek (2007), find that for 

Model 2 and Model 4, the Johansen LR test is asymptotically similar with respect to the deterministic parameters. Thus, the 

hypothesis on co-integration rank can be analysed separately from deterministic parameters. Franses (2001) suggests Model 2 is 

useful when none of the series shows trend and Model 4 is used when some or all the series shows a trend in the data. Lastly, Ahking 

(2002) and Narayan (2005) suggests the Johansen models are meaningful if they are related to the co-integration space or excluded 

from it. This is rarely observed, and hence the consequences of mis-specifying the deterministic components in empirical studies 

remain a mystery. This may be due to lack of clarity on knowing which of the deterministic components to assimilate and whether 

or not they should be included the cointegration space. 

Method 

This study considers THE which has been decomposed in two components namely RHE & DHE and their impact on economic 

growth. THE is defined as sum of public health expenditure which covers, 1) all payments other than for capital assets, including on 

goods and services, interest payments, subsidies and transfers on health care (RHE) and 2) payments for acquisition of fixed assets, 

stock, land or intangible assets for the health care sector (DHE). For the dependent variable, the study uses GDP representing the 
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value of total national output in local current units as defined by the World Bank. All variables have been transformed by taking the 

natural logarithm (Banerjee et al, 1993, Banerjee et al, 2011).  

The study employs annual data from Bank of Botswana reports for the period 1983 to 2019. The reasons for the choice of period are 

two-fold: data availability and also the first case of HIV was diagnosed in Botswana in 1984. Subsequently, Botswana became the 

first country in Africa to administer ARV treatment sponsored by the Government since 2002 under “Masa”, a Setswana word 

meaning “new dawn”, programme.  

Econometric evaluation has been performed under following steps: First, the stochastic properties of each variable are undertaken. 

Second step consists of estimation of cointegrating regressions. Third step considers testing cointegrating relationships. Finally, 

appropriate specification of the cointegration relationship is examined following the Pantula principle within Johansen approach. 

Income elasticity of GEH has been estimated, separately, using its decomposed forms. The specific model is as follows:                                                           

𝐿𝑛𝐺𝐸𝐻𝑡 =  𝛼0 +  𝛼1𝐿𝑛𝐺𝐷𝑃𝑡 + 𝛼2𝑇 +  𝜀𝑡                                                             (1a)  

𝐿𝑛𝐺𝐷𝑃𝑡 =  𝛽0 +  𝛽1𝐿𝑛𝐺𝐸𝐻𝑡 + 𝛽2𝑇 + 𝜀𝑡                                                                   (1b)  

where GDP captures the economic growth variable, and 𝜀𝑡is the eror term 

The most commonly used cointegration tests include method developed Engle and  Granger (1987) or EG, Johansen (1988) procedure 

and error correction model (ECM) suggested by Granger (1988). The principal difference is that while an EG test is a single equation 

method, the Johansen cointegration test is a system where the number of  cointegration vectors is not fixed apriori but determined 

during estimation.  

EG argues that two variables are cointegrated if an error correction term (ECT) exists. This equilibrium correction model has both 

short run and long run effects that explains how dependent variables evolve over time. The model has lagged values and first 

differences of variables are tested as follows: 

∆𝐺𝐸𝐻𝑡 = 𝛽1∆𝐺𝐷𝑃𝑡 +  𝛽2(𝐺𝐸𝐻(𝑡−1) −  𝛾𝐺𝐷𝑃(𝑡−1)) +  𝑢𝑡                                         (2) 

Where: ∆𝐺𝐷𝑃𝑡 = 𝐺𝐷𝑃𝑡 − 𝐺𝐷𝑃(𝑡−1) and the ECT is 𝐺𝐸𝐻(𝑡−1) −  𝛾𝐺𝐷𝑃(𝑡−1)which is stationary if GEH and GDP have a 

cointegrating coefficient 𝛾. The ECT is zero where the system of two variables is in its long run equilibrium. The coefficient of the 

ECT shows how fast GEH adjust back to the longrum equilibrium.   

EG approach also proposes a, two stage, residual based univariate process for estimating cointegrating parameters. A time series 

should not contain a unit root since it must be integrated becoming cointegrated. Firstly, a cointegrating regression is run using OLS 

to get parameter values. A simple static model can be employed as follows: 

∆𝐺𝐸𝐻𝑡 = 𝐶 +  𝛽𝐺𝐷𝑃𝑡 + 𝑢𝑡                                                                                          (3) 

Residuals are saved and tested for stationarity. This is done by applying Augmented Dickey Fuller (ADF) test on the autoregression 

model: 

𝑢̂𝑡 =  𝜑𝑢̂(𝑡−1) +  𝑣𝑡,                                                                                                     (4) 

where the error term 𝑣𝑡 is IID 

If 𝑢̂𝑡is stationary then the time series is cointegrated. If the error term is not stationary then the model is estimated using varibles in 

first differences and not levels. Secondly, the approach estimates the cointegration parameters by including the error term as an 

additional explanatory variable in the ECM. The cointegrating vector can be specified as follows: 

∆𝐺𝐸𝐻𝑡 = 𝛽1𝐺𝐷𝑃𝑡 + 𝛽2𝑢̂(𝑡−1) +  𝑣𝑡                                                                             (5) 

Where: 𝑢̂(𝑡−1)= 𝐺𝐸𝐻(𝑡−1) − 𝜏̂𝐺𝐷𝑃(𝑡−1)  and the cointegrating vector is 1− 𝜏̂  

Nevertheless, the Johansen (1988) procedure is arguably the most popular method in estimating long-run economic relationships and 

performs better compared to other approaches using a Monte Carlo framework, under certain assumptions. First, Gonzalo (1994) 

shows that it performs even when the errors are not normally distributed, or the dynamics of the VECM are unknown, and additional 

lags are included. Similarly, Hargreaves (1994) concludes that it is the best if the sample size is fairly large (about 100 observations 

or more), the model is well specified, and the residuals are not highly auto-correlated. However, Stock and Watson (1993) observe 

that the approach sensitive to the lag length used in the VECM and to the sample-ending point.  

Since Johansen’s co-integration model is mainly applied in literature, this study models the deterministic components by writing the 

p-dimensional vector autoregressive model in its VECM form which can be expressed as:  

tttit

k

i

it uDZZZ ++++= −−

−

=

 21

'
1

1



                                                              (6) 
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where Δ is the first difference operator, 𝑍𝑡 is a px1 vector of stochastic variables, α gives the speed of adjustment to longrun 

equilibrium and β is matrix containing long run coefficients, 𝜇2  is a vector of constants, 𝐷𝑡 is a vector of deterministic variables, 

which may include linear time trends, seasonal dummies, and constants, and 𝑢𝑡  is a vector of normally, independently, and identically 

distributed (IID) errors with zero means and constant variances. 

Without loss of generality, we let k = 2, and 𝐷𝑡 = t, and rewrite (6) as 

tttt utZZZ ++++= −−  21

'

11                                                                        (7) 

Results and Discussion 

The study provides descriptive statistics, Table 1, and shows averages based on absolute values and after taking natural logarithms 

(LN). The values are provided for all health care variables and the measure of economic growth (GDP). Growth is most volatile in 

absolue terms, all variables are positively skewed in absolute and logarithmic terms, and they are not normally distributed as the 

value of kurtosis is less than 3.    

Table 1: Summary Statistics, Using The Observations 

Variable Mean Median Minimum Maximum 

RHE 917.901 350.230 16.3700 4489.10 

DHE 362.196 96.770-0 4.97000 1350.80 

THE 1282.22 468.360 22.6000 4819.20 

GDP 35458.1 21523.7 1390.90 124223. 

LNRHE 5.76491 5.85859 2.79545 8.40941 

LNDHE 4.78823 4.57234 1.60342 7.20845 

LNTHE 6.13530 6.14924 3.11795 8.48036 

LNGDP 9.85956 9.97691 7.23771 11.7298 

 

Variable Std. Dev. C.V. Skewness Ex. kurtosis 

RHE 1231.73 1.34190 1.69381 1.92362 

DHE 452.025 1.24801 0.957011 -0.775353 

THE 1516.00 1.18233 1.04336 -0.272451 

GDP 35719.4 1.00737 1.10309 0.0466078 

LNRHE 1.67898 0.291241 -0.174271 -1.08675 

LNDHE 1.69302 0.353580 -0.0269094 -1.12928 

LNTHE 1.67527 0.273055 -0.186612 -1.18993 

LNGDP 1.26162 0.127959 -0.366765 -0.766094 

Source: Authors’ compilation 

The study tests for stationarity for all variables in LN and absolute terms both at levels and after first differencing. Three methods 

are applied: ADF, Phillips - Perron (PP) test and Kwiatkowski–Phillips–Schmidt–Shin (KPSS) test for comparison. Table 2 provides 

a summary showing that all variables, in their non-logarithmic form, are I(1) using KPSS except DHE. Only THE is I(1) with constant 

and trend. Using PP all variables are I(1) with neither constant nor trend. GDP and DHE are I(0) using KPSS after transforming 

variables into logarithms. Findings based on ADF shows that GDP, THE and DHE are all I(1) when the model is applied with 

constant and trend. Given that using the natural logarithmic form THE is stationary after first differencing and GDP is stationary at 

levels, this study proceeds to search for a long-run relationship among the variables by employing three cointegration approaches 

namely the EG, Johansen and ECM.  

Table 2: Summary on Stationarity 

Variables 

(1) 

         ADF PP KPSS 

 

 (2) 

(3) (4) (5) (6) (7) 

THE I(1) c+t I(1) None I(1) c+t 

RHE I(1) C I(1) None I(1) C 

DHE I(1) c+t I(1) None I(0) C 

GDP I(1) c+t I(1) None I(1) C 

LNTHE I(1) None I(1) None I(1) c 

LNRHE I(1) C I(1) None I(1) c 

LNDHE I(1) None I(1) None I(0) none 

LNGDP I(0) C I(0) C I(0) c+t 

Source: Authors’ compilation 
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Models are first estimated with constant(c) and trend (t). If null is not rejected estimations are done with constant (c) only and if null 

is not rejected, again, estimations are done with neither constant nor trend (none) 

The study estimates the long-run effect of economic growth on GEH using DOLS. This requires that we first find a long-run 

relationship among the variables, and then proceed to estimate the long-run and short-run effects of growth on all three GEH variables.  

Based on the findings using EG,  there is no cointegrating relationship among variables. Based on ECM, results withheld, the study 

reveals that only RHE and GDP are weakly co-integrated at 10% level of significance, see equation below, while DHE and THE are 

not co-integrated with GDP (results withheld). 

ΔRHE =  -0.562326 - 0.3273 ΔRHE-1 +  0.0950015 ΔGDP-1 - 0.0956000(ECT)   

p-values  (0.45540)    (0.08463)*              (0.43036)                    (0.29247)               

Unadjusted R2 = 0.224392          DW statistic = 1.98545 

From the above equation, it is evident that the coefficient of the ECT has a priori sign, though significant at 10% level. Hence the 

most logical conclusion is that the long run relationship between RHE and GDP does not exist. 

Table 3 presents findings based on elasticities in the short run and shows that the ECT for models [2] to [6] is negative and significant 

as expected. This suggests that the previous years’ deviations from long run equilibrium are corrected at speeds ranging from 5.5% 

to 52.9% on average. This study further shows that growth has no effect on all health variables, in the longrun. However, a one 

percent change in RHE is associated with a 0.60% decrease in growth and a one percent change in DHE is associated with a 0.135% 

increase in growth on average, ceteris paribus, in the short run. The variable THE has no effect on growth.  

Table 3: Vector Error Correction Model estimates 

Explanatory 

Variables 

Dependent Variable Dependent Variable 

D(LNRHE) 

[1] 

D(LNDHE) 

[2] 

D(LNTHE) 

[3] 

D(LNGDP) 

[4] 

D(LNGDP) [5] D(LNGDP) 

[6] 

ECT -0.034145 

(0.10484) 

[-0.32569] 
 

-0.212576 

(0.10334) 

[-2.05705] 
 

-0.436264 

(0.14222) 

[-3.06759] 
 

 -0.512704 

 (0.13151) 

[ 3.89849] 
 

-0.055163 

 (0.03165) 

[-1.74287] 
 

-0.528635 

 (0.17005) 

[-3.10867] 
 

D(LNGDP(-1)) 0.123749 

(0.13895) 

[ 0.89061] 
 

-0.928448 

(0.63113) 

[-1.47110] 
 

-0.076751 

 (0.15950) 

[-0.48119] 
 

 0.008392 

 (0.17431) 

[ 0.04815] 
 

-0.559702 

 (0.19330) 

[-2.89552] 
 

-0.355708 

 (0.19072) 

[-1.86507] 
 

D(LNGDP(-2)) -0.055968 

(0.12663) 

[-0.44197] 
 

-0.944366 

(0.64443) 

[-1.46542] 
 

-0.146766 

 (0.15464) 

[-0.94907] 
 

 0.075858 

 (0.15886) 

[ 0.47752] 
 

-0.218385 

 (0.19737) 

[-1.10645] 
 

-0.092492 

 (0.18491) 

[-0.50020] 
 

D(LNRHE(-1)) -0.365295 

(0.21771) 

[-1.67792] 
 

  -0.386704 

 (0.27310) 

[-1.41596] 
 

  

D(LNRHE(-2)) -0.109988 

(0.20632) 

[-0.53310] 
 

  -0.599681 

 (0.25882) 

[-2.31699] 
 

  

D(LNDHE(-1))  -0.110691 

(0.20813) 

[-0.53184] 
 

   0.063663 

 (0.06374) 

[ 0.99871] 
 

 

D(LNDHE(-2))  -0.944366 

(0.64443) 

[-1.46542] 
 

   0.134974 

 (0.07621) 

[ 1.77117] 
 

 

D(LNTHE(-1))   -0.104048 

 (0.22675) 

[-0.45886] 
  

   0.107491 

 (0.27113) 

[ 0.39645] 
 

D(LNTHE(-2))   -0.342806 

 (0.20304) 

[-1.68833] 
 

  -0.122344 

 (0.24278) 

[-0.50392] 
 

C 0.270226 

(0.07108) 

[ 3.80191] 
 

0.389947 

(0.18234) 

[ 2.13852] 
 

 0.296682 

 (0.05672) 

[ 5.23057] 
 

 0.315915 

 (0.08916) 

[ 3.54315] 
 

 0.223832 

 (0.05585) 

[ 4.00790] 
 

 0.210275 

 (0.06782) 

[ 3.10038] 
 

Source: Authors’ compilation;  

Standard errors in ( ) & t-statistics in [ ] 
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The study finally employs the Johansen’s (1988) multivariate maximum likelihood approach. The estimates of trace test statistics, λ 

trace, which test the hypothesis of less than or equal to r co-integrating vectors are reported in Tables 4 to 6. The number of co-

integrating vectors is determined by starting at the top of the table and moving down until H0 cannot be rejected.  

Case 1 (Table 4) shows that the trace-test statistics for the null hypothesis of no co-integration (λ trace) exceeds its 95%-critical value 

for all Models 2 to 4. The null hypothesis of r = 1 cannot be rejected for model 2 since λ trace is less than critical value for the first 

time. There appears to be evidence for one co-integrating relationship between the THE and GDP under model 2. 

Table 4: Case 1- LNTHE and LNGDP 

 n-r M2 M3 M4 

H0 H1 λtrace 0.05 % λtrace 0.05 λtrace 0.05 

r = 0 r>0 36.96 20.26 20.65 15.49 25.89 25.87 

r= 1 r>1  6.71* 9.16 3.76 3.84  4.11 12.52 

Source: Authors’ compilation 

Case 2 (Table 5) show that the trace-test statistics for the null hypothesis of no-co-integration (λ trace) exceeds its 95% critical value 

for models 2 to 4. The null hypothesis of r =1 cannot be rejected for model 4 since λ trace is less than critical value for the first time. 

There is one co-integrating relationship between the RHE and GDP. 

Table 5: Case 2- LNRHE and LNGDP 

R n-r M2 M3 M4 

H0 H1 λtrace 0.05 % λtrace 0.05 λtrace 0.05 

r = 0 r>0  45.66 20.26  21.87 15.49 25.91 25.87 

 r =1 r>1 14.91 9.16 6.89 3.84 9.70* 12.52 

Source: Authors’ compilation 

Case 3 (Table 6) show that the trace-test statistics for the null hypothesis of no-co-integration (λ trace) exceeds its 95%-critical value 

for Model 2, but cannot be rejected for the first time for model 3 since λ trace is less than critical value. There is no co-integrating 

relationship between DHE and GDP, under model 3. 

Table 6: Case 3- LNDHE and LNGDP 

 n-r M2 M3 M4 

H0 H1 λtrace 0.05 % λtrace 0.05 λtrace 0.05 

r = 0 r>0 30.98 20.26 11.64* 15.49 19.94 25.87 

   r=1 r>1 2.83 9.16 2.41 3.84 2.99 12.52 

Source: Authors’ compilation 

The deterministic components of the VECM are defined according to the rank test based on the so-called the Pantula principle 

(Johansen and Juselius, 1992). The critical values for Model 2, Model 3 and Model 4 correspond to those in Osterwald-Lenum (1992). 

The test procedure is to move through Table 7 from the most restrictive model while comparing the trace test statistics to its critical 

value and only stop when the null hypothesis is not rejected the first time. In our case, this is for r = 1 and Model 2. The rank test 

thus suggests the inclusion of a constant in the co-integration space. 

Table 7: Rank Test 

The Trace Test 

R p-r Model 2 Model 3 Model 4 

0 3 45.838 34.086 49.340 

1 2 13.575* 5.849 19.181 

2 1 4.023 0.246 5.584 

*Rank test is for the first time not rejected at the 95% critical level of 19.96, indicating a one cointegration vector and a constant in 

the cointegration space. (Source: Authors’ compilation) 

Findings based on pairwise Granger Causality Tests, (Table 8), show existence of shortrun relationship among the variables. For 

example, the growth in THE granger causes the economic growth at 1% level of significance; the growth in RHE granger cause 

economic growth at 10% level while DHE and growth have no relationship in the short run. 
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Table 8: Pairwise Granger Causality Tests 

 Null Hypothesis: Obs F-Statistic Prob.   

 LNGDP does not Granger Cause LNDHE  29  0.45576 0.6393  

 LNDHE does not Granger Cause LNGDP  1.55339 0.2321  

 LNRHE does not Granger Cause LNDHE  29  0.50787 0.6081  

 LNDHE does not Granger Cause LNRHE  0.13878 0.8711  

 LNTHE does not Granger Cause INDHE  29  0.60627 0.5535  

 LNDHE does not Granger Cause LNTHE  2.36291 0.1157  

 LNRHE does not Granger Cause LNGDP  29  2.84056 0.0781 Reject  H0 

 LNGDP does not Granger Cause LNRHE  1.98602 0.1592  

 LNTHE does not Granger Cause LNGDP  29  6.65588 0.0050 Reject  H0 

 LNGDP does not Granger Cause LNTHE  1.97294 0.1610  

 LNTHE does not Granger Cause LNRHE  29  0.05105 0.9503  

 LNRHE does not Granger Cause LNTHE  1.80300 0.1864  

Source: Authors’ compilation 

The study estimates the impact of growth on GEH using variables in logarithms, using OLS. Findings (Table 9) shows that growth 

has a positive effect on all measures of health care expenditure in the long term. This is consistent with past studies (Faruk et al, 

2022, Ozturk and Topcu, 2014, Bedir 2016) which suggest a change in the direction of causality and impact between short and long 

run periods.  

Table 9: Elasticities 

Dependent Variable  LNRHE LNDHE LNTHE 

C 0.0264 -5.7348*** -6.0472*** 

LNGDP 0.3350*** 1.0566*** 1.2384*** 

Time 0.1349*** - - 

R2 0.99 0.80 0.98 

Durbin Watson 0.94 0.54 0.50 

F-test 3865.96*** - - 

First order Autocorrelation - 0.7331 0.6619 

Observations 36 36 36 

*** significant at 1%; ** significant at 5%; *significant at 10%  

Source: Authors’ compilation 

The major findings are consolidated and discussed with reference to the relationships in the short and long term and model 

specification. The correct model specification for testing a longrun relationship consists of one cointegrating vector and a constant. 

It is the most restrictive hypothesis according to the Pantula principle which is consistent with results by Mahajan and Verma (2015). 

This shows that specifying a different model would produce results that are spurious and lead to wrong policy prescriptions for 

Botswana. It is considered as the most powerful version of the cointegrating rank test compared to where the model has linear trends 

only, with linear trend and constant and a model with no restrictions. By specifying a model with a constant, the study can capture 

and account for differences in units’ measurement. Using this model, it makes it possible to analyse relationships among variables. 

The results based on ECM and EG approach confirm that there is weak and/or no cointegration between the variables when using 

data in levels. Growth has no effect on government expenditure on health (GEH) in the short run. This existence of a weak 

cointegration relationship suggests that growth may marginally contribute to an increase in health expenditure over the longterm and 

vice versa. Results are consistent with those by Bhargava et al (2001) who show that there is no longrun relationship among the 

variables. Using elasticities, the study then applies the Johansen approach, which shows that both total health expenditure (THE) and 

recurring health expenditure (RHE) have a cointegration relationship with growth while development health expenditure (DHE) and 

growth are not cointegrated. In addition, results using ECM, based on elasticities, show that cointegration exists between growth and 

health variables (RHE & DHE). Overall, findings are showing that any deviations from short run relationships among variables are 

corrected in the long term. Our results suggest that the country’s growth prospects are better understood after decomposing the 

expenditure in health variable. This is so since THE appears to have dampened effects on growth. Specifically, growth can only be 

improved over the long term by working through DHE and they are reduced as more is spent on RHE. This is confirmed by examining 

shortrun relationships, using Granger causality, which show that RHE and THE granger causes growth while DHE does not. There 

is unidirectional relationship moving from both health care variables to growth. This shows that increasing RHE may bring about 

improvements in the health of the population and hence growth in the short run. But this is not sufficient to improve the economic 

prosperity of the country as growth can only be improved by spending more on DHE. 
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Thus, findings are consistent with some past studies (Akingba et al, 2018, Lee et al, 2019, Raghupathi & Raghupathi, 2020) which 

show that growth is enhanced as the health status of the population improves. This is mainly supported by increased GEH in the short 

term. Its increase suggests that the labour force becomes more productive. In the context of Botswana, the government is continuously 

giving priority to RHE which will improve livelihoods in the short term with potential of marginally impacting on growth over the 

longterm. Thus, by increasing RHE, the country is building potential for future growth. Any short term shocks in the system will be 

corrected in the long term as the government prioritizes more of DHE. The assertion is supported by the existence of significant 

coefficient of the ECT in the system of equations which confirm this dynamic adjustment. DHE has been on a decline in Botswana 

over the review period. This may explain the decline in growth rate of the economy in recent years from a human capital development 

point of view.    

Conclusion 

This study examined the relationship between government expenditure on health (GEH) and economic growth in the context of 

Botswana. Specifically, the study analysed the cointegration and specification of deterministic components with special reference to 

the Pantula Principle. This was done to overcome the shortfall of Johansen’s contegration approach which may lead to spurious  

results by ommitting the presence of deterministic components. Furthermore, the study tested relationships among these variables by 

employing the methods by EG, ECM and pairwise Granger causality tests.  

It was revealed that the best model specification is one with the most restrictive hypothesis according to the Pantula principle. This 

helps to improve the credibility of results though other specifications can still be possible depending on the pretest conditions set at 

the beginning. Findings confirmed the health led growth hypothesis by Mushkin. They are similar to those found for a group of 

developed countries using similar variables in a study by Artekin and Konya (2020). More so, Odhiambo (2021) showed that the 

relationship between economic growth and expenditure on health care is sensitive to a country’s level of income, the manner in which 

variables are defined and length of period of analysis. This is better understood by decomposing the expenditure on health care 

variable. The important role of public expenditure on health on growth has been supported by this study. In particular, spending more 

on RHE can improve the quality of human capital though it is not sufficient to increase future growth. By spending more on wages 

and salaries, recurrent grants and transfers, debt payments and recurrent goods and services, the country will be building a foundation 

for future growth. This is possible considering that Botswana has a young population and so the country can still afford to spend less 

in the short term and build resources for the future when the labourforce will be ageing. Results are clear that economic growth is 

not important in explaining levels of GEH. This may be a function of other policy variables like age of population, level of 

technological progress and access to health insurance. In the context of Botswana 17% of the working population and 42% of the 

entire population have access to health insurance and the remainder rely on the government for their health upkeep (Mbogo & McGill, 

2016).  

In view of findings from this study, the government should make short term interventions to improve recurrent expenditure on health 

(RHE) while taking firm decisions to improve development expenditure on health (DHE) to boast future growth. A policy that targets 

specific components of these two forms of expenditure may be more plausible as an engine for economic growth. More so, knowledge 

on how to allocate funds to meet current health care needs while building reserves for future health care exposures is critical as it 

defines the rate at which the country attains growth in the coming years. This is so since having a health workforce may not produce 

effective results in the absence of the necessary equipment and machinery to work with. Future work may look at the development 

of human capital and its contribution to growth via different channels. This is critical considering that expenditure on both health and 

education will be key priorities for skills advancement and driving future developmental initiatives that support the country’s Vision 

2036 agenda. More so, there are limitations posed by data and method of analysis. Future studies can be improved by employing data 

with different time frequencies like daily, weekly and monthly and period extensions may be useful. It is critical that additional 

variables be incorporated into the analysis to reveal more longterm relationships. The method by Johansen usually fail to detect such 

relationships between variables that are cointegrated through a common variable. It may also fail to detect non-linear longterm 

relationships between variables. Thus, use of other methods which are linear or non-linear in nature may improve results.   
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