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Abstract
Most maternal and child deaths result from inadequate access to the critical determi-
nants of health: clean water, sanitation, education and healthcare, which are also among
the Sustainable Development Goals. Reasons for poor access include insufficient
government revenue for essential public services. In this paper, we predict the reduc-
tions in mortality rates— both child and maternal— that could result from increases in
government revenue, using panel data from 191 countries and a two-way fixed-effect
linear regression model. The relationship between government revenue per capita and
mortality rates is highly non-linear, and the best form of non-linearity we have found is
a version of an inverse function. This implies that countries with small per-capita
government revenues have a better scope for reducing mortality rates. However, as per-
capita revenue rises, the possible gains decline rapidly in a non-linear way. We present
the results which show the potential decrease in mortality and lives saved for each of
the 191 countries if government revenue increases. For example, a 10% increase in per-
capita government revenue in Afghanistan in 2002 ($24.49 million) is associated with a
reduction in the under-5 mortality rate by 12.35 deaths per 1000 births and 13,094 lives
saved. This increase is associated with a decrease in the maternal mortality ratio of 9.3
deaths per 100,000 live births and 99 maternal deaths averted. Increasing government
revenue can directly impact mortality, especially in countries with low per- capita
government revenues. The results presented in this study could be used for economic,
social and governance reporting by multinational companies and for evidence-based
policymaking and advocacy.
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1 Introduction

The under-five mortality rate (which is the probability that a liveborn child dies before
reaching the fifth birthday), henceforth U5M, is a valid measure of the economic and
social development of a country (Wang 2003). U5M has been declining across the world
since the beginning of the twentieth Century. This trend began in western countries
following the industrial revolution and has subsequently spread across the globe in
association with increasing wealth. (French 2016). However, there is an alarming disparity
between and within countries in U5M and maternal mortality rate (MMR). The critical
determinants of child and maternal survival are access to public services such as clean
water, sanitation, education, and health services (Dersarkissian et al. 2013; Bishai et al.
2016). These rely on adequate levels of both gross domestic product (GDP) per capita
(GDPpc) and government revenue (GR) per capita (GRpc). However, GDPpc in low-
income countries (LICs) and lower-middle-income countries (LMICs) is a fraction of that
of wealthier nations. Also, GR is a much smaller proportion of GDP in LICs, than in high-
income countries (HICs): for LICs the figure is around 20%, compared with 40% for
HICs. Thus, themeanGRpc in LICs and LMICs is USD 100 andUSD450 (constant USD
2010) respectively (ICTD/UNU-WIDER 2018a), as shown in Fig. 1. Furthermore, LICs
allocate a smaller proportion of their GR to social sectors (Long and Miller 2017).

Here we examine the relationship between GRpc and U5M and MMR (U5M/MMR)
using a panel data analysis. The article is as follows: section 2 gives our rationale,
section 3 reviews the literature on the determinants of U5M/MMR, section 4 explains
our modelling strategy, section 5 outlines the data, variables and models, section 6
gives the econometric results, section 7 discusses the results, section 8 discusses the
limitations and section 9 concludes.
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Fig. 1 Gross domestic product per capita and government revenue per capita by income group in 2015
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2 Rationale

Determinants of health, including clean water, sanitation, education, and healthcare, are
among the Sustainable Development Goals (SDGs) (The United Nations 2018). Al-
though, widely available in upper-middle-income countries (UMICs) and high-income
countries (HICs), large proportions of the populations of LMICs and LICs do not have
access to them, as shown for the year 2015 in Fig. 2.

Governments are responsible for either the provision of public services or the
effective regulation of private providers (WHO Commission on the Social
Determinants of Health 2008). Increasing GR could increase the resources available
for public services and the determinants of health. A better understanding of the
relationship between GRpc and health outcomes affected by population access to the
determinants of health, such as mortality, is useful because the policies and practices of
national and international actors directly influences GR. For example, a multinational
company (MNC) may significantly increase GR in a country in which it is based, as a
result of tax and royalties, or decrease GR as a result of aggressive tax planning.

Many of the models in the literature use a log formulation, which makes deriving
elasticities convenient (Jamison et al. 2016). However, the disadvantage is that the
elasticity is then constrained to be the same across all countries. We find that this
specification is not sufficiently non-linear to describe the substantial differences we
observe across the world, and we suggest an alternative specification which we believe
is superior. This study contributes to a better understanding of the complex relationship
between GRpc and U5M/MMR at a country-year level.
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Fig. 2 Percentage of the population with access to the determinants of health by income group in 2015
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Thus, the findings of this study help assess the impact on health of increasing or
decreasing GR at a country level and could contribute to evidence-based policymaking,
advocacy and economic, social and governance reporting.

3 Literature Review

Figure 3 summarises the conceptual framework applied in this study that relates GDP,
GR and U5M/MMR. We briefly review the literature for the steps along this pathway.

The literature on the relationship between GDP and mortality suggests that as GDP
increases, mortality decreases (Filmer and Pritchett 1999; Bhalotra 2006; Schell et al.
2007; French 2016). The impact acts through two main pathways, as shown in fig. 3: (1)
Increased GR, government spending (GS) and public services, and (2) Increased house-
hold income (O’Hare et al. 2014).Mortality does not decrease uniformly as GDP increases
across countries. One of the explanations may be that the GR/GDP ratio varies widely.

Generally, increases in GR result in increased GS. However, this is not consistent
across countries or income groups (Reeves et al. 2015; Carter and Cobham 2016), for
example, an increase in GR by 10% leads to a 17% increase in GS on public services for
health in LICs, a 4% increase in LMICs and a 3% increase in UMICs (Tamarappoo et al.
2016). However, GS on social sectors constitutes a small proportion of total GS; in 2016
the average (mean) percentage of general GS on health in LICs was 7% (range 2–17%),
and for LMICs 8% (0–21%), for education, the figures are 14% (1–21%) and 16% (9–
23%) respectively (The World Bank. 2018). Generally, a rise in GS on public services is
associated with a positive impact on the human development index (Haile and Niño-
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Fig. 3 Conceptual framework for the pathways between gross domestic product, government revenue and
mortality
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Zarazúa 2017), and GS on public health services reduces maternal and child mortality
(Gupta et al. 2002; Bokhari et al. 2007; Anyanwu and Erhijakpor 2009; Maruthappu et al.
2015). Others confirm this and also find that that GS is more effective in countries with
better governance (Rajkumar and Swaroop 2008; Makuta and O’Hare 2015). Concerning
education, Gupta et al. found that an increase in GS on education by 1% of GDP increased
enrolment in secondary school by 2.6%, while the elasticity for U5M is 0.21. Others
found that an increase of 1% of GDP is associated with an increase in the average duration
of schooling by three years (Gupta et al. 2002; Baldacci et al. 2008). Improved coverage
of the critical determinants of health, including, water and sanitation, healthcare and
education, reduces mortality (Fewtrell et al. 2005; Gakidou et al. 2010; Jeuland et al.
2013). A virtuous circle results from increased and efficient GS on social sectors, as a
better educated and a healthier population drives economic growth and increases tax
return and GR (Woessmann 2016). There are several steps in the causal chain between
GRpc and U5M/MMR, including the percentage of GS allocated to the social sectors and
the efficiency of use. These factors result in variation between countries, which makes
modelling at the country level essential, and such modelling may capture the combined
impact of allocation decisions and the efficacy of different sectors (see fig. 3).

4 Modelling Strategy

The seminal paper by Filmer and Pritchett identified the relationship between GDP and
U5M (i.e. the elasticity or the amount which one variable changes in response to
another variable) to be between −0.51 to −0.61 (Filmer and Pritchett 1999). Other
researchers have confirmed a strong negative association, and a meta-analysis of 38
estimates found the pooled elasticity to be −0.45 (O’Hare et al., 2013). All these studies
use a similar basic generic panel data model of the form

log U5Mtj
� � ¼ β0 þ ∑

n

i¼1
βilog xitj

� �þ γT þ εtj; ð1Þ

where xitj is a vector of n explanatory variables (i = 1 …n) including GDP or GS on
healthcare and other relevant factors. Here t is the time index, and j is the cross-section
index, T is a deterministic time trend,εtj is a standard error term which is assumed to be
normally distributed with no serial correlation and βi is the elasticity with respect to
each variable. There are several points to discuss about the generic formulation used in
the literature (1) above.
The first is the general assumption regarding the double log specification: this has the

advantage of making the coefficients easily interpretable as elasticities. However, it
limits the degree of non-linearity, as the same elasticity applies across countries. It is
improbable that the pooling assumption will hold across a large number of countries.
To illustrate this, in South Sudan in 1980, the U5M was 292 per 1000 births while in
Germany in 2016 it was 3.8. It does not appear reasonable to believe that the same
elasticity can accurately reflect the association in both countries. To mitigate the issue,
researchers often split the panel by income levels. Indeed, once the mortality rate
decreases to low levels as recently observed in Germany, there is little scope for
improvement. So, we argue for the exploration of other non-linear formulations.

Government Revenue and Child and Maternal Mortality



The second point regarding the specification of (1) is the inclusion of a deterministic
time trend. This is described in the literature as a technical progress effect in health care,
analogous to the technical progress term in a standard production function (Preston
1975; Jamison et al. 2016). The important contribution of Jamison, Murphy and
Sandbu is to include a country-specific time trend elasticity so that different countries
may adopt health technology at different rates, and to introduce a country-specific
constant term (a standard fixed effect in panel data terms)(Jamison et al. 2016), so that
(1) is re-specified as follows:

log U5Mtj
� � ¼ β0 j þ ∑

n

i¼1
βilog xitj

� �þ γ jT þ εtj: ð2Þ

The fixed effect is likely to play an important role as this will capture everything about
a country which does not vary over time – things such as geography and natural
resources. It is also clear to see how the country-specific trend will produce a much-
improved fit: ‘We find that there is a high variation across countries in the rate of
improvement over time’ (Jamison et al. 2016). The problem with this deterministic
trend treatment is that it has no policy implications. That is to say, if South Sudan is
different from Germany simply because they have different trends, then there is nothing
to be done about it. We reject this view and believe that proactive policies can bring
countries with high U5M/MMR rates into line with the rest of the world.

We will focus on a model which explains U5M/MMR through government re-
sources, measured by GRpc, a range of health care indicators drawn from the SDGs,
and we will also adopt a two-way fixed-effects specification and explore a range of
non-linear functions to link GRpc:

U5Mtj ¼ β0 j þ f β1;GR
� �þ ∑

n

i¼2
βixitj þ ∑

T

k¼t0
γkDk þ εtj: ð3Þ

Here the termf(β1,GR) is a non-linear function of GR to be explored, and we have a
country-specific intercept term (the standard fixed effect) and a set of time-specific

dummy variables ∑
T

k¼t0
γk Dk where Dk = 0, k ≠ t and Dk = 1, k = t – that is, these are a set

of dummy variables taking the value zero everywhere except for period t where they
take the value 1. This then makes our model a standard two-way fixed-effects speci-
fication in terms of these two effects. To further explain the set of dummy variables:
this part of the model will capture any common effects which affect all countries over
time. So, it will fully capture global improvements in health care; it is, in fact, more
general than the deterministic trend in (1) as productivity is not constrained to rise in a
simple linear way. It will also capture any other events which affect the world as a
whole, such as climate change and global conflicts. Deviations from this global trend
for each country will then be explained by GR and other specific health care factors.
The next section will consider the specification of our variables.

Hall S. et al.



5 Data, Variables and Models

5.1 Dependent Variables

U5M, which is the probability that a liveborn child dies before reaching the fifth
birthday, is regarded as representative of a country’s health status and has been widely
applied (Wang 2003). The other investigated dependent variable associated with health
outcomes is the maternal mortality ratio (MMR). A maternal death is the death of a
woman while pregnant or within 42 days of termination of pregnancy (The World
Bank. 2018). Many low-income countries have no or very little data and use statistical
approaches to compute a national estimate for the number of mothers who die in
childbirth per 100,000 live births.

5.2 Selection of Independent Variables

We compared World Development Indicators data with GR data from the 2018 UNU
WIDER Government Revenue Dataset (GRD) (Prichard 2016). We found the latter to
have more data points, with data for 191 countries available (ICTD/UNU-WIDER
2018a). The dataset has both general GR and central GR, and we used the former as
the latter would underestimate total revenue in fiscally decentralised states. Data which
includes and excludes grants are available, andwe used total general government revenue,
excluding grants as this variable best reflects the capacity of domestic revenue. For the
same reason, we used data which includes social contributions. The GRD expresses all
data as a percentage of GDP taken from the World Economic Outlook (WEO), in Local
Currency Units (ICTD/UNU-WIDER 2018b). GR as % of GDP was multiplied by the
GDPpc in constant 2010 US$ (taken from the WDI), to convert to GRpc.

The categories of independent variables commonly controlled for in other studies
include demography, education, geography, governance, and specific health chal-
lenges. Within each category, the variable chosen depended on two factors. First, data
availability: our data set, taken from the World Development Indicators, is annual from
1980 to 2016 for 191 countries giving a total of 7067 observations (The World Bank.
2018). However, many observations selected as candidate independent variables are
missing, and the panel is an unbalanced one. As a result, the best we could hope for is
around 2500 observations available for analysis. Within each category of independent
variables, there are several choices of a specific variable. Still, in some cases, a given
variable would reduce the total available sample to under 400 observations, most of
which would be for developed countries. Hence, we rule out any variables which
reduce the total sample size too drastically. Second, where there are suitable choices,
we choose the best fitting variable in a general to a specific approach to modelling.

5.2.1 Demography

The standard independent variables studied include the percentage of the population
living in urban areas, the fertility rate, and gender inequality. Amouzou and Hill
showed that the higher the urbanisation rate, the lower the U5M in Africa (Amouzou
and Hill 2004). Baldacci et al. found that a decrease in the average fertility rate by one
birth per woman in developing countries is associated with a reduction of U5M by
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11.75 per 1000 live births (Baldacci et al. 2008). Further, Brinda et al. determined an
association between gender inequality and mortality (Brinda et al. 2015).

5.2.2 Education

Multiple studies use primary school completion and progression to secondary school
and find lower mortality is associated with higher education levels (Gupta et al. 2002;
Gakidou et al. 2010; Anyamele et al. 2017).

5.2.3 Geography

Rural populations are often underserved. Haile and Niño-Zarazúa found that
agriculture as a percentage of the GDP was negatively correlated with social
spending, and concluded that agriculture in LICs and LMICs is generally small
in scale and dispersed thus presenting challenges to the imposition of taxes
(Haile and Niño-Zarazúa 2017).

5.2.4 Governance

Health is generally better, and mortality is lower when the needs of the
majority drive public policy, which is more likely in a democracy and countries
which depend on the collection of taxes for revenue (Welander et al. 2015;
Wigley 2017).

5.2.5 Specific Health Challenges

Countries with high levels of HIV have increased child mortality; for example, in
Botswana, half of all children who die before 24 months are exposed to HIV (Zash
et al. 2016).

5.3 Models

The two models we will then be investigating are

U5Mtj ¼ β0 j þ f β1;GR
� �þ β2Demographytj þ β3Educationtj þ β4Geographytj

þ β5Governancetj þ β6Healthtj þ ∑T
k¼t0γkDk þ εtj ð5Þ

and

MMRtj ¼ β0 j þ f β1;GR
� �þ β2Demographytj þ β3Educationtj þ β4Geographytj

þ β5Governancetj þ β6Healthtj þ ∑T
k¼t0γkDk þ εtj: ð6Þ

Hall S. et al.



5.3.1 Estimation

The first step before implementing (5) and (6) is the functional specification of the non-
linear term between GR and the two dependent variables U5M and MMR. Our
theoretical expectation for the shape of this relationship seems very clear: we want
something which initially has a substantial return to increasing GR in terms of U5M
and MMR when a country has very low GR and development levels. As these increase,
we then want an increase in GR always to have a negative effect on U5M and MMR,
but for the size of this effect to fall rapidly and at least asymptotically approach zero,
without turning negative. Graphically, therefore, we want something like the relation-
ship shown in fig. 4.

The association is given by the multiplicative inverse function, that is

U5M ¼ β
GR

ð7Þ

and the marginal effect of an increase in GR on U5M is given by the partial derivative
of this function with respect to GR, that is

∂U5M
∂GR

¼ −
β

GR2 ð8Þ

which is always negative as long as β > 0 (so as GR increases, U5M always decreases)
but the size of the effect falls in proportion to the square of GR. As GR becomes very
large, this term tends to zero, that is
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limGR→∞ −β=GR2
� �

→0: ð9Þ

There are variants we could try to alter the shape of the curve and its rate of descent,
and we experimented with the following two options

U5M ¼ β
log GRð Þ ð10Þ

and

U5M ¼ β
GRα ð11Þ

1where α may be either less than or greater than 1.

6 Results

We now present our estimated equations for the determination of U5M and MMR.
Table 1 gives the findings for U5M.

Absolute ‘t’ statistics in parenthesis. All models contain fixed effects and time
dummies.

Models 1, 2 and 4 in Table 1 above show the effect of using the log of GR, the
inverse of the log of GR and the simple inverse. We can formally judge between these
models purely based on the model, which gives the highest log-likelihood function as
each of them has the same number of parameters and dependent variables. Model 4 has
the best log-likelihood function of the three models, 1, 2 and 4.

Furthermore, while most of the coefficients of the other variables have similar signs
and magnitude across the three models, the level of significance is generally consider-
ably higher in model 4. Model 3 gives a direct comparison between the inverse function
(model 4) and the log specification (model 1) by including both variables in the
regression. We cannot use the log-likelihood function to judge between model 3 and
the other models as there is a different number of parameters in 3 than the other models
and hence the log-likelihood function will increase by construction. However, it is
striking that the inverse function retains its positive coefficient (meaning that the
marginal effect on U5M is negative) while the semi elasticity from the log variable
turns positive so that the effect here would be for an increase in GR to increase U5M.
This may indicate that an even more complex non-linear function may improve on the
simple inverse function, but the combined effect of these two could undoubtedly go
positive for a sufficiently large level of GR. Our preferred model for U5M is, therefore,
model 4.

We now turn to the determination of the maternal mortality rate MMR in Table 2.

1 In fact, this formulation did not improve on the other two options and so we will not report any results for
this form.
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Absolute ‘t’ statistics in parenthesis. All models contain fixed effects and time
dummies.

In this case, the highest log-likelihood function between the three options (1, 2, and
4) is given by model 2, which uses the inverse of the log of government revenue. As
model 2 is the best of the three, we then introduce both the log of GR and the inverse of
the log of GR in model 3. This again shows the superiority of the log inverse
specification which remains positive (the correct sign) and statistically significant while
the simple log of GR turns positive (opposite sign) and is not statistically significant.
Our preferred model is model 2 in this case.

Interpreting these results is not as simple as in the usual case where we derive
elasticities for all countries. Despite this, these models give a much richer set of results
as the marginal effects of increasing GR will be quite different for each country and
even at different points in time (where GR has changed significantly over time). We
can do this for every country at every point in time using either

Table 1 Model Estimates for the dependent variable U5M

Model 1 2 3 4

1/GR – – 1840(3.2) 1472(20.4)

Log (GR) −7.09(2.5) – 7.5(2.2) –

1/log (GR) – 352(3.4) – –

Unemployment 0.4(1.5) 0.44(1.7) 0.71(2.6) 0.56(6.7)

Electric access −0.42(3.0) −0.34(2.3) −0.31(2.8) −0.32(7.5)
Agricultural employment 0.33(1.1) 0.33(0.8) 0.27(0.9) 0.23(4.0)

Urban pop −0.91(2.0) −1.0(2.4) −0.9(2.4) −1.0(9.2)
Oil to GDP 0.19(2.3) 0.3(2.9) 0.15(1.7) 0.24(4.2)

Sanitation −0.12(0.5) −0.08(0.3) −0.2(0.9) −0.14(1.9)
Health −0.44(3.7) −0.4(3.6) −0.34(3.5) −0.35(12.8)
Log Likelihood −8047.17 −7930.87 −7844.59 −7867.12

Table 2 Model Estimates for the dependent variable MMR

Model 1 2 3 4

1/GR – – – 1098(8.0)

Log (GR) −26.7(4.1) – 5.1(0.88) –

1/log (GR) – 576(10.0) 629(7.6) –

Unemployment 0.7(1.7) 1.1(2.6) 1.2(2.6) 1.25(2.9)

Electric access −3.0(14.4) −2.9(14.2) −2.9(14.2) −3.02(14.7)
Urban pop −1.3(2.4) −1.2(2.3) −1.2(2.2) −1.07(2.0)
Oil to GDP −0.3(0.2) −0.42(1.5) −0.48(1.7) −0.65(2.3)
Sanitation −1.52(4.4) −1.7(5.1) −1.7(5.5) −0.8(5.4)
Health −1.68(12.3) −1.5(11.3) −1.5(11.3) −1.6(1178)
Log Likelihood −12,209.84 −12,179.14 −12,178.71 −12,198.32
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∂U5M
∂GR

¼ −
β

GR2

Or in the case of MMR, the log inverse

∂MMR
∂log GRð Þ ¼ −

β

log GRð Þ2

Table 3 shows the estimated effect of a 10% increase in GR on U5M and MMR for a
selected group of countries.2

7 Discussion

An increase in GR is associated with a reduction in U5M/MMR. We have made no
assumptions about the allocation of GR or the efficiency of its use. Instead, we have
modelled based on the past relationship. The pathways between GR and mortality are
likely to act via GS on public services and access to the determinants of health, as
shown in fig. 3. The relationship between GR and U5M/MMR is more robust in some
countries than others, and this may be due to differences in allocation decisions and
levels of efficiency.

2 Please see the Government Revenue and Development website http://med.st-andrews.ac.uk/grade for the
most recent data, methods and a visualization of the data.

Table 3 Effect of a 10% increase in GR on U5M and MMR with associated total lives saved

Country Year Abso lute extra
revenue in US$
millions

Extra revenue
per capita in
US$

Effect
on
U5M

Children
saved

Effect
on
MMR

Mothers
saved

Afghanistan 2002 $24.49 $1 −12.35 13,094 −9.3 99

Belgium 2014 $26,071 $2326 −0.006 0.72 −0.54 0.67

Bangladesh 1990 $239 $2 −5.78 20,936 −5.40 196

Switzerland 2014 $20,999 $2564 −0.005 0.44 −0.52 0.45

DRC 1996 $20 $0 −28.4 55,953 −21.6 425

DRC 2014 $344 $5 −2.87 9173 −3.63 116

Madagascar 2014 $100 $4 −3.17 2518 −3.82 30

Table 3 shows the marginal effect on U5M/MMR of a 10% increase in GR; it also then inflates this by the total
population of each country to show how many children’s lives could have been saved by this extra revenue
and how many mothers would not have died in childbirth. This table presents a striking contrast between the
LICs and HICs regarding the total number of under-five lives and maternal deaths which could be averted. It
also illustrates progress in some countries. The children’s lives saved by a 10% increase in GR in the DRC in
1996 is 55,953 but fell to 9173 in 2014. Further results are available online.

Children saved annually is given by the under-five population/5 multiplied by the marginal effect of a 10%
increase in GR divided by 1000. Mothers saved is given by the total number of births multiplied by the
marginal effect on MMR of a 10% increase in GR divided by 100,000.

Hall S. et al.
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Previous analyses have studied the relationship between GDP, GS and access to the
determinants of health and mortality, but not the relationship between GR and mortality.

Governments could increase GR by curtailing leaks which include the use of tax
incentives and treaties, international corporate tax avoidance, and an informal economy that
is undertaxed (Mick Moore et al. 2018). Establishing the relationship between GRpc and
U5M/MMR allows us to appreciate the scale of the human costs of these leaks. Repayment
of debt and corruption also results in decreased GR (O’Hare and Makuta 2015).

Policymakers need to consider the impact of granting tax incentives in terms of
foregone GR and the human costs. To reduce international corporate tax avoidance,
governments may need to establish specialist units within their revenue authorities
(Waris 2017). The estimates reported here could be used by civil society to advocate
such action by their governments. Tax treaties may result in losses of 15% of corporate
income tax in some regions (Beer and Loeprick 2018). The estimates we have
presented may help those advocating for a review of tax treaties.

Institutional investors routinely analyse the environmental, social, and governance
(ESG) performance of companies (London Stock Exchange Group 2018). These
estimates could inform the ESG reports of MNCs, as many contribute significantly to
GR in many LICs and LMICs. Advocates could also use the estimates to influence
MNCs that engage in aggressive tax planning, as companies are obliged to avoid
adversely affecting the local communities where they operate (Office of the United
Nations High Commissioner for Human Rights 2011). Equally, HICs must regulate the
entities over which they have control to ensure MNCs pay tax where economic
activities take place and to meet their international human rights obligations. These
estimates could help advocate for this (Economic and Social Council 2017).

Debt repayment drains GR and in conjunction with the conditions attached to the loan
makes it almost impossible for countries to achieve economic growth and human devel-
opment (Ilias Bantekas and Cephas Lumina 2018). Target 4 of SDG 17 refers to assisting
developing countries in attaining long-term debt sustainability through coordinated poli-
cies aimed at fostering debt financing, debt relief, and debt restructuring. These estimates
could help to model the benefit of debt reduction during renegotiation procedures.

SDG 17 pledges global partnership for the attainment of the goals and target 17.1
aims to strengthen domestic resource mobilisation, including through international
support, to improve capacity for tax revenue collection. Curtailing some leaks will
require actions within countries but some issues, such as international tax avoidance
and foreign debt, will require action by multiple stakeholders, including national
governments, MNCs, HICs, and international organisations. Estimates of the human
cost of leaks from GR using models such as this one may help garner support to address
gaps in global governance, including tax cooperation and sovereign debt resolution
(Antonio Alonso 2019).

8 Limitations

The main limitation is data availability. We could not use many of the candidate
independent variables due to a lack of data. The model assumes that effects due to
increased government revenue are instantaneous, and there is no attempt to quantify
cumulative and lasting improvements, and this will be a focus of future work.

Government Revenue and Child and Maternal Mortality



9 Conclusions

The modelling summarised here and shown in an easily accessible format online can be
used to give a sense of the potential impact of increasing or decreasing GR in each
country. The possible uses are many. For example, it could assist in evidence-based
policymaking when ministries are making decisions which will impact GR. Such
choices include the granting of tax incentives or taking out loans. Other uses include
the use by civil society to advocate for evidence-based policymaking and equitable
redistribution policies. Multinational companies could use this tool to report on their
ESG contributions for the countries where they work.

Funding (The Global Challenges Research Fund, the Scottish Funding Council and the Professor Sonia
Buist Global Health Research Fund)

Compliance with Ethical Standards

Conflicts of Interest (none declared)

Availability of Data and Material (data available at the Government Revenue and Development website,
http://med.st-andrews.ac.uk/grade/)

Code Availability (not applicable)

Ethics Approval (not applicable)

Consent for Publication (all authors have confirmed consent for publication)

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the
article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the article's Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Amouzou A, Hill K (2004) Child mortality and socioeconomic status in sub- Saharan Africa. Etude La Popul
Afr 19:1–11

Antonio Alonso J (2019) Two major gaps in global governance: international tax cooperation and sovereign
debt crisis resolution. J Glob Dev 9. https://doi.org/10.1515/jgd-2018-0016

Anyamele OD, Ukawuilulu JO, Akanegbu BN (2017) The role of wealth andMother’s education in infant and
child mortality in 26 sub-Saharan African countries: evidence from pooled demographic and health
survey (DHS) data 2003–2011 and African development indicators (ADI), 2012. Soc Indic Res 130:
1125–1146. https://doi.org/10.1007/s11205-015-1225-x

Anyanwu J, Erhijakpor A (2009) Health expenditures and health outcomes in Africa. African Dev Rev 21:
400–433. https://doi.org/10.1111/j.1467-8268.2009.00215.x

Baldacci E, Clements B, Gupta S, Cui Q (2008) Social spending, human capital, and growth in developing
countries. World Dev 36:1317–1341. https://doi.org/10.1016/j.worlddev.2007.08.003

Hall S. et al.

http://med.st-andrews.ac.uk/grade/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1515/jgd-2018-0016
https://doi.org/10.1007/s11205-015-1225-x
https://doi.org/10.1111/j.1467-8268.2009.00215.x
https://doi.org/10.1016/j.worlddev.2007.08.003


Bantekas I, Lumina C (eds) (2018) Sovereign Debt and Human Rights. Oxford University Press, Oxford
Beer S, Loeprick J (2018) The cost and benefits of tax treaties with investment hubs: findings from sub-

Saharan Africa. In: IMF work. Pap. WP/18/227. https://www.imf.org/en/Publications/WP/Issues/2018/10
/24/The-Cost-and-Benefits-of-Tax-Treaties-with-Investment-Hubs-Findings-from-Sub-Saharan-Africa-
46264?cid=em-COM-123-37872.

Bhalotra S (2006) Childhood mortality and economic growth. UN WIDER Res. Pap, In http://hdl.handle.
net/10419/63530.

Bishai DM, Cohen R, Alfonso YN, Adam T, Kuruvilla S, Schweitzer J (2016) Factors contributing to
maternal and child mortality reductions in 146 low - and middle - income countries between 1990 and
2010. PLoS One 11:e0144908. https://doi.org/10.1371/journal.pone.0144908

Bokhari F, Gai Y, Gottret P (2007) Government health expenditures and health outcomes. Health Econ 16:
257–273. https://doi.org/10.1002/hec.1157

Brinda EM, Rajkumar AP, Enemark U (2015) Association between gender inequality index and child
mortality rates: a cross-national study of 138 countries. BMC Public Health 15:97. https://doi.
org/10.1186/s12889-015-1449-3

Carter P, Cobham A (2016) Are taxes good for your health ? UNU wider work pap 2016/171. https://doi.
org/10.35188/UNU-WIDER/2016/215-1

Dersarkissian M, Thompson CA, Arah OA (2013) Time series analysis of maternal mortality in Africa from
1990 to 2005. J Epidemiol Community Heal 67:992–998. https://doi.org/10.1136/jech

Economic and Social Council (2017) General comment No. 24 (2017) on State obligations under the
International Covenant on Economic, Social and Cultural Rights in the context of business activities.
E/C.12/GC/24. http:/ /docstore.ohchr.org/SelfServices/FilesHandler.ashx?enc=4slQ6
QSmlBEDzFEovLCuW1a0Szab0oXTdImnsJZZVQcIMOuuG4TpS9jwIhCJcXiuZ1yrkMD%2FSj8
YF%2BSXo4mYx7Y%2F3L3zvM2zSUbw6ujlnCawQrJx3hlK8Odka6DUwG3Y. Accessed 20
Jun 2020

Fewtrell L, Kaufmann RB, Kay D, Enanoria W, Haller L, Colford Jr JM (2005) Water, sanitation, and hygiene
interventions to reduce diarrhoea in less developed countries: a systematic review and meta-analysis.
Lancet Infect Dis 5:42–52. https://doi.org/10.1016/S1473-3099(04)01253-8

Filmer D, Pritchett L (1999) The impact of public spending on health: does money matter? Soc Sci Med 49:
1309–1323

French D (2016) Did the Millenium development goals change trends in child mortality? Health Econ 19:
1300–1317. https://doi.org/10.1002/hec

Gakidou E, Cowling K, Lozano R, Murray CJL (2010) Increased educational attainment and its effect on child
mortality in 175 countries between 1970 and 2009: a systematic analysis. Lancet 376:959–974.
https://doi.org/10.1016/S0140-6736(10)61257-3

Gupta S, Verhoeven M, Tiongson ER (2002) The effectiveness of government spending on education and
health care in developing and transition economies. Eur J Polit Econ 18:717–737. https://doi.org/10.1016
/S0176-2680(02)00116-7

Haile F, Niño-Zarazúa M (2017) Does social spending improve welfare in low-income and middle-income
countries? J Int Dev 30:367–398. https://doi.org/10.1002/jid.3326

ICTD/UNU-WIDER (2018a) Government Revenue Dataset. https://www.wider.unu.edu/project/government-
revenue-dataset.

ICTD/UNU-WIDER (2018b) THE ICTD GOVERNMENT REVENUE DATASET USER GUIDE.
https://www.wider.unu.edu/sites/default/files/Data/ICTD_GRD_User_Guide.pdf.

Bantekas I, Lumina C (2019) Sovereign debt and human rights making the connection. Oxford University
Press

Jamison DT, Murphy SM, Sandbu ME (2016) Why has under-5 mortality decreased at such different rates in
different countries? J Health Econ 48:16–25. https://doi.org/10.1016/j.jhealeco.2016.03.002

Jeuland MA, Fuente DE, Ozdemir S, Allaire MC, Whittington D (2013) The Long-Term Dynamics of
Mortality Benefits from Improved Water and Sanitation in Less Developed Countries. The Long-Term
Dynamics of Mortality Benefits from Improved Water and Sanitation in Less Developed Countries PLoS
One 8:8. https://doi.org/10.1371/journal.pone.0074804

London Stock Exchange Group (2018) Your guide to ESG reporting. https://www.lseg.
com/sites/default/files/content/images/Green_Finance/ESG/2018/February/LSEG_ESG_report_
January_2018.pdf.

Long C, Miller M (2017) Taxation and the Sustainable Development Goals Do good things come to those
who tax more ? https://www.odi.org/sites/odi.org.uk/files/resource-documents/11695.pdf

Government Revenue and Child and Maternal Mortality

https://www.imf.org/en/Publications/WP/Issues/2018/10/24/The-Cost-and-Benefits-of-Tax-Treaties-with-Investment-Hubs-Findings-from-Sub-Saharan-Africa-46264?cid=em-COM-123-37872
https://www.imf.org/en/Publications/WP/Issues/2018/10/24/The-Cost-and-Benefits-of-Tax-Treaties-with-Investment-Hubs-Findings-from-Sub-Saharan-Africa-46264?cid=em-COM-123-37872
https://www.imf.org/en/Publications/WP/Issues/2018/10/24/The-Cost-and-Benefits-of-Tax-Treaties-with-Investment-Hubs-Findings-from-Sub-Saharan-Africa-46264?cid=em-COM-123-37872
http://hdl.handle.net/10419/63530
http://hdl.handle.net/10419/63530
http://med.st-andrews.ac.uk/grade
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12889-015-1449-3
https://doi.org/10.1186/s12889-015-1449-3
https://doi.org/10.35188/UNU-WIDER/2016/215-1
https://doi.org/10.35188/UNU-WIDER/2016/215-1
https://doi.org/10.1136/jech
http://docstore.ohchr.org/SelfServices/FilesHandler.ashx?enc=4slQ6QSmlBEDzFEovLCuW1a0Szab0oXTdImnsJZZVQcIMOuuG4TpS9jwIhCJcXiuZ1yrkMD%2FSj8YF%2BSXo4mYx7Y%2F3L3zvM2zSUbw6ujlnCawQrJx3hlK8Odka6DUwG3Y
http://docstore.ohchr.org/SelfServices/FilesHandler.ashx?enc=4slQ6QSmlBEDzFEovLCuW1a0Szab0oXTdImnsJZZVQcIMOuuG4TpS9jwIhCJcXiuZ1yrkMD%2FSj8YF%2BSXo4mYx7Y%2F3L3zvM2zSUbw6ujlnCawQrJx3hlK8Odka6DUwG3Y
http://docstore.ohchr.org/SelfServices/FilesHandler.ashx?enc=4slQ6QSmlBEDzFEovLCuW1a0Szab0oXTdImnsJZZVQcIMOuuG4TpS9jwIhCJcXiuZ1yrkMD%2FSj8YF%2BSXo4mYx7Y%2F3L3zvM2zSUbw6ujlnCawQrJx3hlK8Odka6DUwG3Y
https://doi.org/10.1016/S1473-3099
https://doi.org/10.1002/hec
https://doi.org/10.1016/S0140-6736
https://doi.org/10.1016/S0176-2680
https://doi.org/10.1016/S0176-2680
https://doi.org/10.1002/jid.3326
https://www.wider.unu.edu/project/government-revenue-dataset
https://www.wider.unu.edu/project/government-revenue-dataset
https://www.wider.unu.edu/sites/default/files/Data/ICTD_GRD_User_Guide.pdf
https://doi.org/10.1016/j.jhealeco.2016.03.002
https://doi.org/10.1371/journal.pone.0074804
https://www.lseg.com/sites/default/files/content/images/Green_Finance/ESG/2018/February/LSEG_ESG_report_January_2018.pdf
https://www.lseg.com/sites/default/files/content/images/Green_Finance/ESG/2018/February/LSEG_ESG_report_January_2018.pdf
https://www.lseg.com/sites/default/files/content/images/Green_Finance/ESG/2018/February/LSEG_ESG_report_January_2018.pdf
https://doi.org/https://www.odi.org/sites/odi.org.uk/files/resource-documents/11695.pdf


Makuta I, O’Hare B (2015) Quality of governance, public spending on health and health status in sub Saharan
Africa: a panel data regression analysis. BMC Public Health 15:932. https://doi.org/10.1186/s12889-015-
2287-z

Maruthappu M, Ng KYB, Williams C, Atun R, Zeltner T (2015) Government health care spending and child
mortality. Pediatrics 135:e887–e894. https://doi.org/10.1542/peds.2014-1600

Moore M, Prichard W, Fjeldstad O-H (2018) Taxing Africa coercion, reform and development, 1st eds. Zed
Books, London

O’Hare B, Makuta I (2015) An analysis of the potential for achieving the fourth-millennium development goal
in SSA with domestic resources. Glob Health 11:8. https://doi.org/10.1186/s12992-015-0092-1

O’Hare B, Makuta I, Bar-Zeev N et al (2014) The effect of illicit financial flows on time to reach the fourth-
millennium development goal in sub-Saharan Africa: a quantitative analysis. J R Soc Med 107:148–156.
https://doi.org/10.1177/0141076813514575

O’Hare B, Makuta I, Chiwaula L, Bar-Zeev N (2013) Income and child mortality in developing countries: a
systematic review and meta-analysis. J R Soc Med 106:408–414. https://doi.org/10.1177
/0141076813489680

Office of the United Nations High Commissioner for Human Rights (2011) Guiding principles on business
and human rights guiding principles on business and human rights. New York and Geneva

Preston S (1975) The changing relation between mortality and level of economic development. Popul Stud
(NY) 29:231–248

Prichard W (2016) Reassessing tax and development research: a new dataset, new findings, and lessons for
research. World Dev 80:48–60. https://doi.org/10.1016/J.WORLDDEV.2015.11.017

Rajkumar AS, Swaroop V (2008) Public spending and outcomes: does governance matter? J Dev Econ 86:96–
111. https://doi.org/10.1016/j.jdeveco.2007.08.003

Reeves A, Gourtsoyannis Y, Basu S, McCoy D, McKee M, Stuckler D (2015) Financing universal health
coverage— effects of alternative tax structures on public health systems: cross-national modelling in 89
low-income and middle-income countries. Lancet 386:274–280. https://doi.org/10.1016/S0140-6736(15
)60574-8

Schell CO, Reilly M, Rosling H, Peterson S, Mia Ekström A (2007) Socioeconomic determinants of infant
mortality: a worldwide study of 152 low-, middle-, and high-income countries. Scand J Public Health 35:
288–297. https://doi.org/10.1080/14034940600979171

Tamarappoo R, Pokhrel P, Raman M, Francy J (2016) Analysis of the Linkage Between Domestic Revenue
Mobilization and Social Analysis of the Linkage Between Domestic Revenue Mobilization and Social
Sector Spending. https://pdf.usaid.gov/pdf_docs/pbaae640.pdf

The Uni ted Nat ions (2018) The Sus ta inable Development Goals . h t tps : / /www.un .
org/sustainabledevelopment/sustainable-development-goals/.

The World Bank. (2018) Databank: World Development Indicators. http://databank.worldbank.
org/data/source/world-development-indicators.

Wang L (2003) Determinants of child mortality in LDCs: empirical findings from demographic and health
surveys. Health Policy (New York) 65:277–299 S0168851003000393 [pii]

Waris A (2017) How Kenya has implemented and adjusted to the changes in international transfer pricing
regulations: 1920–2016. International Centre for Tax and Development

Welander A, Lyttkens CH, Nilsson T (2015) Globalisation, democracy, and child health in developing
countries. Soc Sci Med 136-137:52–63. https://doi.org/10.1016/j.socscimed.2015.05.006

WHO Commission on the Social Determinants of Health (2008) Closing the gap in a generation. http://www.
who.int/social_determinants/final_report/csdh_finalreport_2008.pdf.

Wigley S (2017) The resource curse and child mortality, 1961–2011. Soc Sci Med 176:142–148. https://doi.
org/10.1016/J.SOCSCIMED.2017.01.038

Woessmann L (2016) The economic case for education. Educ Econ 24:3–32. https://doi.org/10.1080
/09645292.2015.1059801

Zash R, Souda S, Leidner J, Ribaudo H, Binda K, Moyo S, Powis KM, Petlo C, Mmalane M, Makhema J,
Essex M, Lockman S, Shapiro R (2016) HIV-exposed children account for more than half of 24-month
mortality in Botswana. BMC Pediatr 16:103. https://doi.org/10.1186/s12887-016-0635-5

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Hall S. et al.

https://doi.org/10.1186/s12889-015-2287-z
https://doi.org/10.1186/s12889-015-2287-z
https://doi.org/10.1542/peds.2014-1600
https://doi.org/10.1186/s12992-015-0092-1
https://doi.org/10.1177/0141076813514575
https://doi.org/10.1177/0141076813489680
https://doi.org/10.1177/0141076813489680
https://doi.org/10.1016/J.WORLDDEV.2015.11.017
https://doi.org/10.1016/j.jdeveco.2007.08.003
https://doi.org/10.1016/S0140-6736
https://doi.org/10.1080/14034940600979171
https://pdf.usaid.gov/pdf_docs/pbaae640.pdf
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
http://databank.worldbank.org/data/source/world-development-indicators
http://databank.worldbank.org/data/source/world-development-indicators
https://doi.org/S0168851003000393
https://doi.org/10.1016/j.socscimed.2015.05.006
http://www.who.int/social_determinants/final_report/csdh_finalreport_2008.pdf
http://www.who.int/social_determinants/final_report/csdh_finalreport_2008.pdf
https://doi.org/10.1016/J.SOCSCIMED.2017.01.038
https://doi.org/10.1016/J.SOCSCIMED.2017.01.038
https://doi.org/10.1080/09645292.2015.1059801
https://doi.org/10.1080/09645292.2015.1059801
https://doi.org/10.1186/s12887-016-0635-5


Affiliations

Stephen Hall1 & Janine Illian2
& Innocent Makuta3 & Kyle McNabb4

& Stuart
Murray5 & Bernadette AM O’Hare6,7

& Andre Python8,9
& Syed Haider Ali Zaidi1 &

Naor Bar-Zeev10

1 The School of Business, the University of Leicester, Leicester, UK

2 The School of Mathematics and Statistics, the University of Glasgow, Glasgow, Scotland

3 The Department of Economics, Chancellor College, the University of Malawi, Zomba, Malawi

4 The Overseas Development Institute, London, UK

5 The School of Medicine, the University of St Andrews, St Andrews, Scotland, UK

6 The Division of Infection and Global Health, the School of Medicine, the University of St Andrews, St
Andrews, Scotland

7 The College of Medicine, the University of Malawi, Blantyre, Malawi

8 The Oxford Big Data Institute, Li Ka Shing Centre for Health Information and Discovery, University of
Oxford, Oxford, UK

9 The Center for Data Science, Zhejiang University, 866 Yuhangtang Road, Hangzhou 310058, Zhejiang
Province, People’s Republic of China

10 International Vaccine Access Center, Department of International Health, Johns Hopkins Bloomberg
School of Public Health, Baltimore, MD, USA

Government Revenue and Child and Maternal Mortality


	Government Revenue and Child and Maternal Mortality
	Abstract
	Introduction
	Rationale
	Literature Review
	Modelling Strategy
	Data, Variables and Models
	Dependent Variables
	Selection of Independent Variables
	Demography
	Education
	Geography
	Governance
	Specific Health Challenges

	Models
	Estimation


	Results
	Discussion
	Limitations
	Conclusions
	References


