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Abstract

This is the first study that explores the impact of directly targeted mitigation climate initiatives on
both emissions and human development in Africa between 1990 and 2019. The study is motivated
by the urge of climate change mitigation policies that aim for net-zero emissions by 2050. Using
an advanced quasi-experimental research design, the study finds that the adopting countries in
Africa were able to prevent an additional 20% increase in carbon dioxide (CO2) emissions five
years after implementation, despite being insignificant relative to total greenhouse gas (GHG)
emissions. Furthermore, the climate initiatives appear to have a minimal positive effect on the
human development index in the first two years after implementation, being 0.6%. Applying an
instrumental variable estimation, the study shows that reduction in CO; emissions through the
implementation of climate policies has a positive significant effect on human development in

African countries, implying a causal relationship.

Key words: climate initiatives;, mitigation policies; greenhouse gas emissions;, human

development; African continent; climate change
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1 Introduction

Anthropogenic climate change can be perceived as one of the most difficult challenges the 21*
century is facing. It threatens the world of politics, economies, human behavior and health, trade,
biodiversity, and other inequalities all around the globe. The worst impacts of climate change are
already felt by the most impoverished and marginalized communities in the world. Like in Africa,
where the impacts are severe; temperature rises more than the global average leading to more
wildfires, sea level risk could create danger for millions of individuals, and drought is leading to
food insecurities (UN News, 2022). Simultaneously, Africa is still in the middle of its development
phase, both economically and socially. Knowing that many countries, especially the West, have
historically developed through high emissions, it can be argued that the actions to be taken to
combat climate change are in stark contrast to achieving this development. The importance is there,
knowing that the serious consequences of climate change affect human development. It is expected
that due to poor harvests, people will have less food available to them, income will be reduced to
such an extent that poverty will increase and will directly and indirectly affect their health (Collier,
Conway, & Venables, 2008).

Therefore, environmental regulation is not only important for addressing the climate crisis, but
also for the human well-being of African people. Over the past two decades, Africa has embraced
multiple climate initiatives, including the creation of multiple transnational partnerships to adopt
both mitigation and adaptation plans aimed at a greener future and a fair transition (United Nations,
2023). In doing so, climate change should not necessarily be viewed as a threat, but rather as an
opportunity for Africa's sustainable development, where human development should be paramount
(Bruyninckx, 2006). However, the effectiveness of climate initiatives and whether these initiatives
lead to improvements in human development remains a question yet to be answered. This study

explores this important issue by answering the following research question:
‘What is the impact of climate initiatives on emissions and human development in Africa?’

Since the early 2000s, Africa has adopted several climate mitigation initiatives that directly focus
on reducing the main contributor to climate change: greenhouse gas (GHG) emissions. These
initiatives focus on several areas, including energy, industry, land use, transport, human

settlements, finance, and investment. Actions are being taken to offer zero emission public
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transportation applicable to both the automobile and aviation industries, actions to stop
deforestation and forest degradation, investments are allocated, and many more mitigation
activities are being designed with the same goal of addressing the environmental risks of climate
change. These initiatives provide opportunity to answer the research question in a quasi-
experimental setting, allowing this study to compare changes in emissions and human development
before and after the implementation of the initiatives, between countries that adopted and did not
adopt these mitigation initiatives.

For the purpose of this analysis, the study uses data on climate initiatives from the pioneering
Climate Cooperative Initiatives Database (C-CID) dataset, which has collected information on
transnational climate policies. This study uses mitigation policies directly aimed at reducing GHG
emissions. The data are combined with the dataset from Global Data Lab, containing human
development index (HDI) data at the national level, coupled with detailed information on the three
indicators: education, health, and income.

The study shows that climate initiatives have a negative significant effect on carbon dioxide
(CO.) emissions five years after implementation of the initiatives. This corresponds to a 20%
additional increase in CO; emissions being avoided by countries that implemented climate
initiatives. However, the results are not considered significant when looking at total GHG
emissions. Regarding the effect on human development, climate initiatives have a minimal positive
effect in the first two years after implementation. However, after year 3, this effect is no longer
considered significant.

This study contributes to the field of sustainable economics and the existing literature in two
ways. First, it is the first to examine the question of whether climate initiatives are effective in
reducing emissions. Another study by Peters et al. (2019) found that climate policies are not
effective in reducing emissions. Although the conclusion seems to hold true when the effect on
total GHG emissions is estimated, it does show a significant negative effect on CO», which is one
of the largest contributors of GHG emissions (Oreggioni, et al. 2021). Furthermore, this study
contributes by claiming that climate mitigation initiatives do not seek to the reduction of other
components of total GHG emissions, such as N2O and CHa. Hence, this insight should be of great
interest to policymakers drafting environmental policies.

Further, this study contributes to a better understanding about the impact that climate initiatives

have on human development in Africa, by also examining individual impacts on education, health,
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and income levels. To understand the negative impacts of climate change at these levels, previous
studies have pointed to a causal relationship between emissions and human development.
Therefore, this causality is studied using an instrumental variable estimation, concluding that there
indeed appears to be a relationship. This reflects the importance of human well-being, which is
considered as important as economic growth in achieving development (Bruyninckx, 2006).

The next chapter covers the literature review, focusing on a history of climate regulations and
their relation to GHG emissions and human development. Following the literature review, Chapter
3 sets out the methodology of the study, explaining the quasi-experimental research design, the
empirical framework, data sources, and descriptive analyses. Chapter 4 presents the empirical
results, separated into the effects of climate initiatives on GHG emissions and human development.
It also outlines the instrumental variable test and robustness check. The conclusion and discussion
are set out in Chapter 5. Subsequently, the limitations are outlined in Chapter 6. Chapter 7 provides

the bibliography followed by the Appendix in Chapter 8.
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2 Literature Review

2.1 History of Global Climate Regulations

In the 1980s, attention to climate change began to reach a wider audience, requiring international
leaders and world powers to take a stand. The first international cooperation among countries took
place in 1992 by establishing cooperative relationships with the United Nations Framework
Convention on Climate Change (UNFCCC). In this context, recognition of global climate change
was the imperative that had to prompt action by world leaders, organizations, and businesses. The
most successful cooperation to date has been the Paris Agreement (PA), established in 2015
involving 194 countries (United Nations, 2023). In this agreement, it is important for countries to
work together to keep global temperatures from rising above 1.5°C (IPCC, 2018). In addition, the
PA is a global commitment to combat climate change and its impacts, but also provides financial
support to developing countries (United Nations, 2023). The urge is high, considering that the
recent Intergovernmental Panel on Climate Change (IPCC) report (2022) acknowledges that we
are already at a global temperature rise of 1.09°C since 1990. Thereby, the 1.5-degree threshold is
expected to be reached in the short term, with a 50% chance, even with a reduction in anthropogenic
emissions. (IPCC, 2022).

Following the IPCC report (2014), it is known that human behavior is driving the causes of
climate change, with the root cause to be found in anthropogenic GHG emissions consisting of
“carbon dioxide (CO>), methane (CH4) and nitrous oxide (N20)” (p. 4). Research by Stoddard et al.
(2021) shows that, despite the global attention and international collaborations, the emissions “are
now 60% higher than they were in 1990” (p. 655), with CO, accounting for most of the emissions
growth (Oreggioni, et al. 2021). This again shows that the importance of reducing emissions must

be paramount within all economies.

2.2 Climate Regulations and Greenhouse Gas Emissions

Despite the attention to climate change and reducing anthropogenic emissions, policies are not
always effectively adopted to mitigate emissions (Peters et al., 2019). The focus is more on the
implementation of clean energy technologies and less on directly reducing GHG emissions. This
is in line with the arguments of Stoddard et al. (2021), where global emissions have increased

dramatically over the past 3 decades.
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Although economically underdeveloped countries seem less able to anticipate environmental
threats, Africa has managed to engage in these climate negotiations (Swatuk, 2006). The continent
has taken on global treaties and implemented several climate policies, with one of the goals to
achieve net-zero emissions by 2050 (UNDP, 2023). All 54 African countries have now committed
to the PA by voluntary implementing adaptation and mitigation policies to get track with their
NDCs (AFDB, 2018; UNFCCC, 2023b). And although policies are said to be ineffective, research
by Abudu, Wesseh, and Lin (2023) shows that timely regulation of the PA leads to greater
economic effectiveness and a reduction in the intensity of emissions compared to the countries that
signed on later.

Beyond this literature, little research has been conducted to investigate the effectiveness of
climate policies on emissions. Nevertheless, it can be assumed that, due to the rationale for the
creation and goals of climate related policies and initiatives, emissions should decline to a certain
extent. Therefore, a negative relationship between the adoption of climate initiatives in Africa and
GHG emissions is expected, leading to the following hypothesis:

HI: The GHG emissions are expected to have decreased in countries where climate initiatives have

been implemented.

2.3 Climate Regulations and Human Development

The Human Development Index (HDI) is one of the indicators that can effectively measure well-
being, which is based on income, health, and education indexes. It is also considered as one of the
pioneering datasets (Graham et al., 2018).

Regarding the income index of HDI, it appears that addressing climate change is not only about
improving clean air or economic development, but also about equal rights and providing resources.
The IPCC (2014) mention that the poor are the most affected by changes in the climate. They do
not have the resources to have access to sustainable sustenance such as food (UN News, 2022). As
the World Bank Group (2022) its Country Climate and Development report acknowledges, “the
climate change impacts are unfair” (p. 5). Specifically, it appears that poor households in South
Africa are more affected by changes in climate than other households, namely by higher
temperatures, water and air pollution problems, and low-quality health services.

Also, it appears that the demands of the poor, or social inequality, do not influence the
composition of climate policies in Africa (Nyiwul, 2021). This means that the supposedly equitable

transition stated by the [PCC and PA does not work in practice. Additionally, between 2001 and

8
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2006, African countries are found to have suffered losses in GDP due to climate problems (Baarsch
et al., 2020). Despite social inequality not being at the forefront of climate-focused decision
making, clear policies and governance on clean economic performance have been shown to both
improve sustainable transition and increase income levels (Sarkodie & Adams, 2020). Knowing
this, it is important for African countries to adopt strict climate policies that can reduce income and
social inequality accordingly and absorb any future losses in GDP due to climate change.

The effects of climate change, such as high temperatures and variability in precipitation are also
known to have tremendous effects on the health of African inhabitants, including mortality
(Deschenes, 2014) and infectious diseases (Collier et al., 2008). Similarly, indirect effects of
climate change such as reduced food yields, property losses, availability of water sources, and
conflicts in societies effect someone’s health. It appears that recognition of these effects by the
health sector can lead to support for mitigation initiatives, to which efforts will subsequently yield
health benefits (Haines et al., 2009; McMichael, 2013). Also, the study by Lu, Olsen, & Kinney
(2021) finds that climate policies that directly focus on reducing emissions will create considerable
health advantages.

While there has been some scientific research on the relationship between climate regulation and
income and health, to the best of my knowledge the relationship with education has not yet been
studied. However, there is a term called ‘climate change education’, which “is about learning in
the face of risk, uncertainty and rapid change” (Stevenson, Nicholls, & Whitehouse, 2017, p. 67).
In this regard, it is important that humanity is educated to both learn about, and anticipate to,
climate change. Apollo and Mbah (2021) deem that the role is not just with government policy, but
also in the knowledge of its public who can modify their behavior through education. To achieve
this, better cooperation between governments, nonprofit organizations, the public, and school
institutions is needed with consideration of local climate issues (Apollo & Mbah, 2021). Despite
the lack of research on the relationship between climate policy and education, education is seen as
an important element that can move a society toward an equal and healthy sustainable transition.

Considering the importance of human development, with the income, health, and educational
levels in respect, the literature review shows that policies focusing on mitigating emissions should
have a positive effect on the human development. This leads to the second hypothesis in this study:
H?2: Human development is expected to have increased in the countries where the climate initiatives

have been implemented.
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3 Methodology

In conducting the main objective of this research - the effect of climate initiatives on
emissions and human development in Africa - the hypotheses will be tested using panel data with
a time span from 1990 to 2019!. The research will be based on quasi-experimental research
approach, examining both the timing of the initiative and its impact on countries depending on their
level of participation. In this regard, changes in emissions and human development are compared
with the effects in the treated countries (where climate initiatives have been implemented) and the

effects in the control countries (where climate initiatives have not been implemented) over time.
3.1 Data Sources and Descriptive Analyses

3.1.1 Climate initiatives data

Data on climate initiatives were obtained from the Climate Cooperative Initiatives Database (C-
CID), developed in Chan, Deneault and Hale (2022). It contains data on 600 transnational
initiatives that includes collaboration with two or more than two partners, operating worldwide.
These partners can be governments, non-profit organizations, investors, and subnational partners
such as municipalities and regions.

The dataset was additionally made available to Radboud University. One of the co-founders, Mr.
Deneault, provided data on climate initiatives that have been implemented in African countries.
This dataset consists of 331 climate initiatives focusing on mitigation and adaptation policies.
Because this study focuses on the impact of climate initiatives on GHG emissions, an extensive
selection of mitigation initiatives directly aimed at reducing GHG emissions has been made. This
resulted in a list of 32 initiatives.? The selection shows that 11 of the 54 African countries have not

undertaken any mitigation initiatives aimed directly at reducing emissions.?

1 The study has excluded the impacts of COVID-19 to avoid distortions in time or country related trends/ observations.

2 See Appendix A Table 6 for the list of climate initiatives used in this study.

3 The list of countries with the amount of implemented climate initiatives can be found in Appendix A Table 7. Additionally, the first year that
an African country implemented one of the climate initiatives is retained as the year of treatment. Thereby, treated countries are assumed as ‘ever
treated’ in this study.

10
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3.1.2 Emissions data
The study uses GHG emissions data from the World Bank (WB) (2023f), which presents data on
total GHG emissions in kilotons (kt), including the GHG emissions carbon dioxide (CO>), methane
(CHg4), nitrous oxide (N20), and the anthropogenic emissions hydrofluorocarbons (HFC),
perfluorocarbons (PFC), and sulphur hexafluoride (SFs) (WB, 2023f). The WB obtains its data
from the Climate Watch databank (2022). To examine the effect of climate initiatives on emissions
in detail, the study also examined the effect on the three prominent GHG emissions itself: COz,
CH4 and N>O, provided by the WB (2023a; 2023d; 2023e). CO: (in kt) are “stemming from the
burning of fossil fuels and the manufacture of cement. They include carbon dioxide produced
during consumption of solid, liquid, and gas fuels and gas flaring” (WB, 2023a). CH4 (in kt) are
emissions “stemming from human activities such as agriculture and from industrial methane
production” (WB, 2023d). N2O (in thousand metric tons) stems “from agricultural biomass
burning, industrial activities, and livestock management” (WB, 2023e).

Figure 1 panel A shows that both total and main indicators of GHG emissions increase in an
almost linear trend over time. Some fluctuations can be recognized especially in the period 2008

to 2012, when the global financial crisis took place. The actual differences between the mean
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FIGURE 1: TRENDS OF GHG EMISSIONS AND HUMAN DEVELOPMENT
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emissions in the first years and last years of the data span is visible in Table 1, where the means,
standard deviations, observations, 10th percentile and 90th percentile are set out from the entire
period (1990 - 2019) as well as the first and last five years of both dependent variables. It is clear
that emissions have nearly doubled in almost 30 years. Total GHG emissions have expanded from
31,691 kt in 1990 — 1994 to 56,205 kt in 2015 — 2019, presenting an increase of 77%. This gives
similar results to the world average over the past 30 years, as discussed by Stoddard et al. (2021).
The highest average measurement of total GHG emissions was measured in South Africa; over 450
thousand kt, with an absolute measurement of 555 thousand kt in 2019 (WB, 2023f). This can be
correlated to their vastly developing economy (Rogerson, 2010). Figure 2 shows the average
difference in total emissions between the first and last five years of the sample, by country. It shows
that almost all countries experienced an increase in their GHG emissions.

Investigating the trends of the indicators of GHG emissions itself, the results are quite similar.
While almost all emissions doubled, a tripling is visible at the 10th percentile of CO», with 157 kt
of emissions visible in 1990 - 1994, rising to 484 kt between 2015 - 2019, representing an increase
of more than 200% in emissions. Therefore, it can be determined that CO, emissions indeed
account for the most growth in emissions, as Oreggioni et al. (2021) examined. The lowest average
emissions are found in Sao Tome and Principe, at 103 kt, which is one of the islands on the Mid-

West coast of Africa (dark blue dot next to Gabon in Figure 2).

3.1.3 Human Development data

Data on the HDI are obtained from the Global Data Lab (GDL) (Smits & Permanyer, 2019; GDL,
2023d). GDL interpolated national-level data on HDI from the United Nations Human
Development Reports Office and used data to include characteristics between low- and middle-
income countries from Eurostat and GDL's Area Database. The data consists of the average of HDI
its three measurements: education, health and income. (GDL, 2023d). The component health uses
“life expectancy at birth (LEXP)” as indicator (GDL, 2023b), whereas the education component
uses (1) “mean years of schooling of adults aged 25+ (MYS)” and (2) “expected years of schooling
(EYS)” (GDL, 2023a). The income component is based on the indicator “natural logarithm of
Gross National Income per capita in 2011 US$ PPP (LGNIc)” (GDL, 2023c).

12
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TABLE 1: SUMMARY STATISTICS OF DEPENDENT VARIABLES

Period Mean SD Obs. 10th % 90th %
GHG Emissions

Total Full period 43807.7 79636.7 1619 1360 98440
GHG 1990 - 1994 31590.5 58484.4 269 850 68690
2015 -2019 56204.7 97121.5 270 2160 116920

CO; Full period 18140.2 55891.2 1617 237.6 38642.5
1990 - 1994 12015.8 37417.7 267 157.1 25577

2015 -2019 24894.7 69498.8 270 484.1 55891.2

CH, Full period 17178.4 24407.3 1620 527.7 51869.3

1990 - 1994 13749.4 22389.5 270 336.7 37189.9

2015 -2019 20323.5 27243.2 270 647.9 57173.9

N>O Full period 7921.5 10757 1620 172.2 20497.8

1990 - 1994 5739.7 7047.3 270 160.7 15998.4

2015 -2019 9629.6 12527.9 270 2374 24452.7

Human Development Index

Total Full period 48.9 11.8 1417 33.8 66.1
HDI 1990 - 1994 43.8 12.5 189 28.2 61.5

2015 - 2019 54.8 10.5 265 41.8 71.6

Education Full period 40.2 13.9 1418 21.1 58.9
1990 - 1994 32.2 13.3 190 15.7 50

2015 - 2019 47.6 12.6 265 32.5 66.5

Health Full period 58.6 12.2 1418 423 77.1

1990 - 1994 53.7 13.3 190 37.2 72.9

2015 - 2019 66.2 9 265 543 80.7

Income Full period 514 13.1 1418 353 70.9

1990 - 1994 499 12.8 190 34.8 67.9

2015 - 2019 53.5 13 265 38 73.9

Notes:. HDI is multiplied by 100 as the normal scale runs from 0 to 1. This makes both the averages and the
results in the next chapter better to interpret.

13
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FIGURE 3: MEAN HUMAN DEVELOPMENT INDEX BETWEEN 2000 —2004* AND 2015 -2019

Notes: *Because of missing datapoints, the averages of the human development on the left-hand side are for
most countries measured between 2000 — 2004. The countries Eritrea, Guinea-Bissau, Somalia, and
South Sudan, the mean is calculated of the first four years of observation (2005 — 2009, 2006 — 2010,
2010 — 2014, respectively). The HDI bin colors are similar to the colors used by GDL (2023d).
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From Figure 1 panel B, it is apparent that the HDI also acknowledges an increase. Especially
after 2000, human development interests seem to rise in African countries. The average differences
between 2000 - 2004 and 2015 - 2019 are visualized in Figure 3. Despite an increase of over 25%
between the early 1990s and after the 2015s resulting in an average HDI of 54.8, it is still
considerably lower than the average HDI in Europe, which is 75.2 between 1990 and 2019 (GDL,
2023d).

Most notably, the education index remains lagging behind health and income. Where the 90th
percentile between 2015 and 2019 is 66.5. Therefore, the difference with the 10th percentile is
larger than for the other indicators. It is also noteworthy that the lowest incomes in Africa increased

minimally between 1990 and 2019, from 34.8 to 38, representing an increase of only 9%.

3.1.4 Control variables data

This study uses several control variables that are related to the variables of interest. To investigate
the effect of climate initiatives on GHG, data on temperature and precipitation were utilized from
NASA MERRA-5 reanalysis datasets (GMAO, 2015a; GMAOQO, 2015b). Data on temperature are
from hourly observations, while data on precipitation are from monthly observations. These
observations are aggregated to the country level.

Because temperature can have a nonlinear impact on GHG emissions, temperature bins are used
with a width of 4°C, as introduced by Gong, Li, Sanders, and Shi (2023) who investigated the
effects of pollution on mortality in China. The effect of precipitation is modelled as performed by
Burges et al. (2013), where variation in precipitation is captured by setting up terciles. The middle
tercile and the third temperature bin (daily temperature 18-22°C) are used as omitted reference
categories.

The control variables used to discover the effect of climate initiatives on HDI consist of socio-
economic factors such as gross domestic product (GDP) per capita, current health expenditure per
capita, and primary school enrollment that could influence the relationship with any of the three
indicators of HDI. All three socio-economic control variables have been downloaded from the WB
(2022; 2023b; 2023c). All datasets have wide time spans except for the health expenditure data,
where the time span is available from 2000 to 2019. The summary statistics of the control variables,

hence extending Table 1, can be found in Appendix A, Table 8.
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3.2 Empirical Framework

This study uses the methodology of Greenstone and Hanna (2014), whose research on the effect of
environmental regulations on infant mortality was published in one of the best top economic
journals, the American Economic Review, which has now been cited by 938 other scientists. In
this regard, this study uses the two-step method to examine whether climate initiatives have an

impact on emissions and HDI. First, an event study is conducted:

(1) Yie = a+ 20Dy + BXie + phe + Vi + €

Y is considered as the dependent variables of the study, which can be one of the measurements of
emissions (total GHG, CO,, CHas, N>O) or human development (total HDI, Education-, Health- or
Income Index), in country i and in year #; The vector D consists of the years before the climate
initiatives are implemented, and after, with T being standardized in which it has a value of 0 in the
year of implementation. Thereby, 7 spans from —20 to 17; o, refers to the mean outcomes of the
variables of concern — GHG emissions and human development - where D is used to calculate it
from the years prior to and after the implementation of climate initiatives; Xj; are the control
variables in country 7 and year ¢, that, as described, differ when examining the variables of interest;
i and vy are the country and year fixed effects, being set to account for unobserved time and country
specific factors; € is the error term.

In addition to the event study, the two-step method examines the extent to which climate
initiatives are correlated with an effect on emissions and human development by using three steps.
First, the average change in emissions and human development is examined (2A). Next, time trends
are tested (2B). And finally, the effect on these variables in the years following implementation are

assessed (2C).

(2A) 6, = o+ (T; - PRy) + BXi + &

T; has the value of one (1) when the country i is assigned to the climate initiative in the year of

establishment*; PR; is the post-regulation indicator which is one (1) when the indicator variable
p g

4 The year of establishment varies for each climate initiative. This means that T and PR have different time intervals for each climate initiative

by country. Therefore, PR is identified as the year when an African country first implemented a climate initiative.
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happened in the years (7) in or after the establishment; ; examines the average change in GHG

emissions, HDI, and associated components, after the implementation of climate initiatives.

(2B) 6-[ S T[O + T[I(Tl " PR-L-) + 77:27: + ﬁXlt + Sit

As a continuation of 2A, 2B adds a linear time trend, where 1,7 takes into account trends that are
already present in the countries before the climate initiatives were enforced (Greenstone & Hanna,
2014). Because implementing a policy or initiative does not always have an immediate effect on
the outcomes of interest, but often after it has been active for a few years, an interaction term is

assigned in 2C that accepts evaluation of the climate initiatives over time:

(2C) 6-[ S T[O + T[I(Tl " PR-L-) + 77:27: + T[3((Tl " PR-L-) * T) + ﬁXlt + git

m3; measures the impact of climate initiatives in each successive year up to five years after
implementation.

In order to compare sufficient observations in the years before and after implementation of the
climate initiatives, a time span from maximum t =—12 to 7 =4 is assumed, given that 2002 is the
first year of implementation and 2015 concerns the last year (see also Appendix A, Table 7). Again,
the time span of the study is from 1990 to 2019. As Greenstone and Hanna (2014) argue, the two-
step method receives more support. This is “because it provides a convenient solution to the
problem of intragroup correlation in unobserved determinants of”” (Greenstone & Hanna, 2014, p.
3045) the variables of interests. Countries are described here by all years prior to and after
implementation of the climate initiative and are therefore designated as D,, shown in Equation 1.
As aresult, the results section focuses on the two-step method, with the one-step method elaborated
for 2C. The models are weighted by population and clustered at the country level. See Appendix B
for the total results on both models.

This study additionally presents a robustness check suitable for a this quasi-experimental
research design. In doing so, the result of this study will use other independent variables to check
the main results of the study for their robustness, therefore, checking whether the relationship
between climate initiatives and variables of interest are influenced. To examine whether the
relationship between the adoption of climate initiatives and GHG emissions has a causal effect on
human development in Africa, the study also conducts an Instrumental Variable (IV) estimation.

This test is conducted by using a two-stage least squares (2SLS) model.
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4 Empirical Results

4.1 Effect on GHG emissions

The event study results are shown in Figure 4, with each ¢ showing the effect of climate initiatives
on total GHG emissions, CO2, CH4 and N2O, as specified in Equation 1. In this context, T = 0
denotes the year of implementation of the climate initiatives. Since directly focused mitigation
climate initiatives were implemented from 2002 onwards, a pre-trend of 7 = — 12 years can be seen.
2015 marks the last year of implementation, therefore, the post-treatment is visible until T = 4.
First, it is important to consider the condition imposed by the normal difference-in-difference

(DID) technique; that the trends between countries must be parallel to each other. However, this is
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FIGURE 4: EVENT STUDY ON GHG EMISSIONS

Notes: The green lines of each figure denote the estimated average country-specific coefficients on total GHG
emissions and its indicators, being the 0Dy ;1 of equation 1. The horizontal axis represents the years

before and after the climate initiatives are in force. The vertical axis represents the average effect of
climate initiative on the indicators’ outcomes.
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an assumption that is not always achieved because of, for example, difference between
demographics and economies in the treated and control countries. Figure 4 shows that this
assumption cannot be achieved in this study either, with the pre-trends not showing an equal mean
to the zero line on the vertical axis. This, as Greenstone and Hanna (2014) argue, gives more reason
to do an examination of the trend related equations (2B and 2C), observing the trends between the
countries that have implemented the climate initiatives to those that have not.

Without adopting this assumption, it can be cautiously argued that implementation of climate
initiatives on the total GHG emissions and CO; itself, two years after realization (7 = 2), reflect an
average reduction in emissions (Figure 4). For N>O, this reversal also seems to conceivably take
place at T = 0. However, no effectiveness seems to be achieved from the implementation of climate
initiatives on CHa4, where no reversion of pre-period of implementation to the post-period can be
acknowledged.

Table 2 shows the main results of the two-step equations in columns 1 (2A), 2 (2B) and 3 (2C).
The one-step method is outlined in column 4, which is an elaboration of 2C. The complete results
of the one-step method and its control variables can be found in Appendix B, Table 9.

Looking at the effects of climate initiatives on total GHG emissions (panel A), adoption seems
to have a significant positive average effect (n1). However, it can be argued that a climate initiative
needs some time to be effective, for example because the stakeholders signed up by the climate
initiatives must organize these activities, which often takes some years. Therefore, m3 is most
important in this study, taking into account different pre-existing trends in emissions in the
adopting. It can be seen that implementation has a negative impact, with reduction getting higher
each successive year after implementation, though all being insignificant. The one-step method
seems to show nearly the same results, with daily temperatures below 14°C and the lowest tercile
of precipitation giving a significant effect on this comparison, -1,055 (p =<.01) and 337,063 (p =
< 0.01), respectively (see also Appendix B, Table 9 column 6). This may be related to temperature
dependent chemical and atmospheric reactions, considered as causal relation to emissions (Isaksen
etal., 2009; Xiong, Wei, Huang, & Zhang, 2013; Yvon-Durocher et al., 2014). Hence, this negative
coefficient for daily temperatures below 14°C indicates that lower temperatures negatively affect
total GHG emissions. Low precipitation on the other hand acknowledges a significant positive

effect. This is because the biological effect of plant growth is disrupted with insufficient
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TABLE 2: TREND ESTIMATES OF CLIMATE INITIATIVES’ EFFECT ON GHG EMISSIONS

CLIMATE INITIATIVES
1 2 3 4
Panel A. TOTAL GHG
m: (1 x CI) 10,497.05%** 67.86 3,847.84 3,689.56
(2,694.91) (2,850.60) (3,712.32) (3,524.81)
72 time trend 1,222.05%** 1,319.79%** 1,342.79
(263.52) (260.66) (1,397.70)
m3: (1 x CI) x time trend -1,570.12 -1,496.76
(1,044.72) (1,385.81)
2-year effect (11 + 273) 707.6 696.03
p-value .80 .88
3-year effect (11 + 373) -862.5 -800.7
p-value .76 .89
4-year effect (m1+ 4ms) -2432. -2297.
p-value 46 73
S-year effect (1 + 573) -4002. -3794.
p-value 32 .63
Observations 17 17 17 1589
Panel B. CO:
m: (1 x CI) 12,842.94*** -694.51 3,361.30 3,620.56
(2,983.00) (2,284.80) (2,712.006) (3,037.41)
m2: time trend 1,586.93%** 1,699.02%** 1,747.31
(212.97) (194.43) (1,251.29)
n3: (1 x CI) x time trend -1,684.38** -1,876.74
(753.71) (1,165.81)
2-year effect (m1+ 2m3) -7.47 -132.9
p-value 10 .97
3-year effect (11 + 373) -1691. -2009.
p-value 43 .65
4-year effect (m1+ 4ms) -3376. -3886.
p-value 17 46
S5-year effect (71 + 5m3) -5060.* -5763.
p-value .09 .36
Observations 17 17 17 1587
Panel C. CH4
m: (1 x CI) -1,055.36 -65.74 -444.69 -777.33
(1,019.23) (1,674.84) (2,381.68) (1,103.14)
m2: time trend -115.37 -124.79 -166.08
(153.57) (164.13) (317.97)
n3: (1 x CI) x time trend 154.26 434.26*
(664.41) (217.85)
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2-year effect (m1+ 2m3) -136.1 91.2
p-value 94 .94
3-year effect (11 + 373) 18.09 525.46
p-value .99 .68
4-year effect (m1+ 4ms) 172.35 959.73
p-value .93 49
S-year effect (11 + 573) 326.61 1393.9
p-value .89 .36
Observations 17 17 17 1590
Panel D. N2O
m: (1 x CI) 549.42%* 460.37 737.54 671.43*
(202.98) (337.12) (469.04) (392.86)
m2: time trend 10.34 17.01 13.32
(30.70) (31.95) (225.71)
1(CI) x time trend -112.85 -75.15
(131.42) (118.16)
2-year effect (11 + 273) 511.83 521.13
p-value .16 .26
3-year effect (11 + 373) 398.98 445.97
p-value 27 40
4-year effect (m1+ 4ms) 286.12 370.82
p-value 48 .55
S-year effect (1 + 573) 173.27 295.67
p-value 72 .68
Observations 17 17 17 1590
Equation 2A Second stage YES NO NO NO
Equation 2B Second stage NO YES NO NO
Equation 2C Second stage NO NO YES NO
Equation 2C First stage NO NO NO YES

Notes: Robust standard errors in parentheses,

p-values of the year effects can be seen directly beneath the coefficients of these effects,

w6k p < 0,01, **p < 0.05, *p < 0.1.

precipitation. When plants dry out, they can absorb less emissions, meaning it will remain in the

air at a higher rate (Herrera-Estrada, Diffenbaugh, Wagner, Craft, & Sheffield, 2018; Chamberlain

et al., 2019). The fact that p-values lowers in the successive years requires search for this effect on

the main components of GHG emissions.

The effects on CO; (panel B) of equations 2A and 2B looks somewhat similar as for total GHG

emissions. However, the effects are significantly negative when accounting for pre-existing trends

(m3), with a coefficient of -1,684 kt (p = <.05). The year effects after implementation decrease each
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successive year, being — 5060 kt (p = <.1) in the fifth year. This represents a 20% decline in CO»
emissions compared to the mean emissions between 2015 and 2019, indicating that the emissions
levels would be higher when the climate initiatives were not adopted by the treated countries.
Results appear to be similar using the one-step method, however, being insignificant.

There is no evidence to suggest that climate initiatives have an impact on CH4 or N2O emissions,
in panel C and D, respectively. However, by not accounting for intragroup correlation (one-step
approach) in panel C (relation to CH4), the results show a significant positive effect of 434 kt
(p = <.l), with higher temperatures and lower precipitation rates significantly positively effecting
this relationship. This is consistent with the study by Yvon-Durocher et al. (2014), which assumes
that CH4 increases with higher temperatures. Both methods show an increase in CH4 emissions per
year after implementation, however insignificantly. This passage of years is reversed when looking
at the N2O emissions (panel D), resulting in an insignificant increase that declines each year.
Therefore, no conclusion can be made of the relationship between the implementation of climate
initiatives and the CH4 nor N>O emissions.

Although total GHG emissions do not show a significant effect by calculating the trend estimates,
the most advanced calculation (2C) to COz indicates that introducing climate initiatives does have
a significant negative effect. Knowing that CO; is the largest component of total measured GHG

emissions, the first null hypothesis can be rejected.

4.2 Effect on Human Development

Figure 5 shows the event studies of the effect of climate initiatives implementation on the total HDI
and the indicators. This tentatively suggests that climate initiatives have a positive impact on total
HDI. This effect is most apparent in the income index, with the post-treatment period expressing a
positive effect on the mean nationwide variables, after some drop between 7 = - 1 and 7 = 0. For
the health and education indicator, the initiatives do not appear to have an effect.

Yet again, it appears that the basic assumption of the normal DID technique is not met. This is
because the difference in years before the implementation of climate initiatives are not close to
zero, meaning that the pre-treatment trends are systematically differing between the treated
countries and those in the control group. Therefore, the extension to the first- and second-stage

method is, once again, important to examine.
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FIGURE 5: EVENT STUDY ON HUMAN DEVELOPMENT

Notes: The green lines of each figure denote the estimated average country-specific coefficients on the total
human development index and its indicators, being the 0Dy ;4 of equation 1. The horizontal axis
represents the years before and after the climate initiatives are in force. The vertical axis represents the
average effect of climate initiative on the indicators’ outcomes. Because the control variable includes
current health expenditure data from 2000 onwards, the T before implementation is lowered for the
countries that implemented climate initiatives in 2002, T = - 2. For the last year of implementation, it is
still T = - 12 as explained in the text.

Table 3 shows the trend estimates of the effect of climate initiatives on human development.
Note that both the HDI as the control variable current health expenditure per capita lacks
datapoints. Therefore, the total observations by the one-step method are lower, being 828
observations. Please see the notes of Figure 5.

The effects of implementing climate initiatives on overall HDI shows a slightly positive
significant effect when a linear time trend is taken into account ( = 0.36; p <.10). However, this

relationship appears insignificant in the most advanced equation 2C (= n3: (1 x CI) x time trend).
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TABLE 3: TREND ESTIMATES OF CLIMATE INITIATIVES’ EFFECT ON HUMAN DEVELOPMENT

CLIMATE INITIATIVES
1 2 3 4
Panel A. HDI TOTAL
m: (1 x CI) 1.50%** 0.36* 0.46* 0.37
(0.24) (0.18) (0.23) (0.35)
m2: time trend 0.14%** 0.14%** 0.18*
(0.02) (0.02) (0.09)
m3: (1 x CI) x time trend -0.04 -0.07
(0.06) (0.12)
2-year effect (11 + 273) 38%* 23
p-value .06 .60
3-year effect (11 + 373) 33%* .16
p-value .09 76
4-year effect (m1+ 4ms) .29 .09
p-value 18 .89
S5-year effect (71 + 5m3) .25 .02
p-value 32 .98
Observations 17 17 17 828
Panel B. EDUCATION INDEX
w1 (1 x CI) 0.82%* 0.89 0.56 0.23
(0.33) (0.56) (0.75) (0.43)
T2: time trend -0.01 -0.02 0.14
(0.06) (0.06) (0.18)
m3: (1 x CI) x time trend 0.14 -0.04
(0.20) (0.16)
2-year effect (11 + 273) .84 .16
p-value 17 73
3-year effect (11 + 373) .97 13
p-value 12 .82
4-year effect (m1+ 4ms) 1.11 .09
p-value 12 .89
S5-year effect (71 + 5m3) 1.24 .06
p-value 13 .95
Observations 17 17 17 828
Panel C. HEALTH INDEX
m: (1 x CI) 1.90%* -0.96 -0.35 -0.03
(0.65) (0.63) (0.78) (0.50)
T2: time trend 0.36%** 0.38#** 0.21
(0.06) (0.07) (0.25)
m3: (1 x CI) x time trend -0.26 -0.06
(0.21) (0.21)
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2-year effect (11 + 273) -.88 -.15
p-value 18 .85
3-year effect (11 + 373) -1.14* -21
p-value .09 .83
4-year effect (m1+ 4ms) -1.4% =27
p-value .07 .82
S-year effect (1 + 573) -1.66* -.33
p-value .07 81
Observations 17 17 17 828

Panel D. INCOME INDEX

m: (1 x CI) 1.09%** 1.13%%* 0.97** 0.85%%*
(0.15) (0.28) (0.35) (0.37)
m2: time trend -0.00 -0.01 0.06
(0.03) (0.03) (0.13)
m3: (1 x CI) x time trend 0.07 -0.00
(0.09) (0.17)
2-year effect (11 + 273) L1 .84
p-value 00 .14
3-year effect (11 + 373) 1.18%** .83000
p-value 00 24
4-year effect (m1+ 4ms) 1.25%** .83000
p-value 00 .33
S5-year effect (71 + 5m3) [.31%** .82000
p-value 00 41
Observations 17 17 17 828
Equation 2A Second stage YES NO NO NO
Equation 2B Second stage NO YES NO NO
Equation 2C Second stage NO NO YES NO
Equation 2C First stage NO NO NO YES

Notes: Robust standard errors in parentheses,
p-values of the year effects can be seen directly beneath the coefficients of these effects,
¥k p < 0.01, ¥*p <0.05 *p <01

Yet, overall HDI shows a slight positive (declining) increase in the years following
implementation, with significance to be recognized in years two and three, 0.38 (p =<.1) and 0.33
(p =<.1), respectively. With the one-step method, the results appear similar except for the gradient
of the effect, with a less positive relationship proving to be insignificant.

HDI's education index (panel B) shows an increase of 1.24 after five years, however, no certainty
can be given on this because of its insignificance. The comprehensive results in Appendix B Table

10 show that school enrollment primary has a positive significant effect on the education index,
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holding all variables constant. This shows the importance of this variable with respect to the
relationship, despite missing data observations.

For the health and income index, the effects appear to be different. Life expectancy at birth
decreases each year (panel C), with a coefficient of -1.66 (p = < .1) after five years. This means
that if the climate initiatives were not adopted, the health index would increase by 2.5% relative to
the mean between 2015 and 2019. The opposite appears to be true for the income index (natural
logarithm of GNI per capita) (panel D), where an increasingly positive significant coefficient is
evident in each successive year, with precisely a 2.5% increase after five years (relative to the mean

between 2015 and 2019).
4.3 Instrumental Variable (IV) Estimation

The theoretical framework shows that there may be a causal effect of emissions on human
development. As with effects on health, where introduction of direct focused mitigation policies
lead to reduction of emissions, can have a positive effect on the health of societies (Lu et al., 2021).
The results also indicated that a direct effect of implementation of climate initiatives has a negative
significant effect on the health index. Because of these results and the literature review, an
instrumental variables (IV) analysis is conducted to test this causal relationship. For this purpose,
the standard errors were calculated using a two-stage least squares (2SLS) estimator (Sanders,
Berreca, & Neidell, 2020). Two assumptions must be made. First, climate initiatives have an effect
on CO: emissions®. And second, the only way these initiatives affect human development is by
means of CO2 emissions. While the first has been tested, being statistically significant, the second
assumption cannot be examined. This is because HDI can also be influenced by other climate-
related issues, such as air pollution (Heft-Neal, Burney, Bendavid, & Burke, 2018; Fisher et al.,
2021). Therefore, we keep this facet in mind and will mainly focus on the causal relationship
between the initiatives and HDI. Figure 6 visualizes this expected causal relationship.

The results of the IV estimation are shown in Table 4, including the Kleibergen-Paap (KP) F-
statistic. This statistic presents a good fit, considering the KP F-statistic is above the maximum ten
percent bias threshold (16.38), established by Stock & Yogo (2005) (Chen, Olivia, & Zhang, 2017).

The results control for the same variables as used in section 4.1. The IV outcome indicates that

> Because the impact of climate initiatives is significant on CO2 emissions, this component of GHG emissions is used to test the IV estimate.
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there is in fact a causal relationship, showing that the countries where climate initiatives have been
implemented, a decrease in total CO> emissions causes a minimal positive change of .0003597

(p =<.01) in human development.

IMPLEMENTATION HUMAN
CLIMATE CO, EMISSIONS DEVELOPMENT
INITIATIVES S =y INDEX

FIGURE 6: CAUSAL RELATIONSHIP BETWEEN GHG AND HUMAN DEVELOPMENT

TABLE 4: INSTRUMENTAL VARIABLE (IV) ESTIMATION

INSTUMENTAL VARIABLE (IV) HDI
.0003597 ***
CO2 (.0002519 - .0004674)
KP F-Statistic 45.494
Observations 1416

Notes: 95% confidence intervals in parentheses,
¥k p < 0.01, ¥*p <0.05 *p <01

Although the adoption of climate initiatives does not reflect a significant direct effect on the HDI
allowing the initiatives to evolve over time (73), it does when the IV estimation is applied. Showing
a minimal positive effect on the human development in Africa. This leads to the conclusion that

the null hypothesis can be rejected.
4.4 Robustness Check

To check whether the results are robust, this study performs a robustness check by removing and
adding other control variables from the empirical results in section 4.1.% The terciles and bins were
removed and the variables of monthly precipitation at the subnational level (GMAO, 2015b) and

observed annual mean temperature from Climate Change Knowledge Portal (2023) were added.

6 A robustness check of the empirical results for HDI are omitted because of lacking data points in both the dependent as the independent

variables used in this study.
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Both variables are aggregated by country level. The change in the distribution of the independent
variables should contribute appropriately to check the analyses for robustness.

Table 5 presents the results of equation 2C from Table 2 (column 1 and 3) and the robustness
check (column 2 and 4) for the impact of climate initiatives on total GHG and CO; emissions,
considering the main results appear to be significant in one (or more) of the equations. Detailed
results can be found in Appendix B, Table 11. It can be observed that when using different
independent variables, the results behave similarly in successive years after implementation.
Although the coefficients are higher in the robustness results. However, contrary to the main
results, the five-year effects on total GHG emissions are significant (p = < .10) and the effects on
CO; are already significant after four years (p = < .10), being five years in the main results. From
this, one can conclude that adding more specific variables, in other words, applying a distributional
scale of independent variables, appears to be a more comprehensive study. In addition, it can be
concluded that the study is robust, with change in structure being more likely to measure a

significant effect.

TABLE 5: ROBUSTNESS CHECK

CLIMATE INITIATIVES
Panel A. TOTAL GHG Panel B. CO;
MAIN ROBUSTNESS MAIN ROBUSTNESS
RESULTS CHECK RESULTS CHECK
m3: (1 x CI) x time trend -1,570.12 -1,967.82 -1,684.38** -1,928.30*
(1,044.72) (1,134.68) (753.71) (922.05)
2-year effect (11 + 273) 707.6 -1428. -7.47 -1284.
p-value .80 .65 10 .62
3-year effect (71 + 3m3) -862.5 -3396. -1691. -3213.
p-value .76 29 43 23
4-year effect (m1 + 4ms) -2432. -5364. -3376. -5141.*
p-value .46 15 17 10
S5-year effect (71 + 5m3) -4002. -7332.%* -5060.* -7069.*
p-value .32 .10 .09 .06
Observations 17 17 17 17
Equation 2C Second stage YES YES YES YES

Notes: Robust standard errors in parentheses,
p-values of the year effects can be seen directly beneath the coefficients of these effects,
¥k p < 0.01, ¥*p <0.05 *p <01
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5 Discussion and conclusion

This study is the first study that provided insight into whether climate initiatives that directly focus
on mitigating emissions have an effect on their GHG emissions and human development in African

countries. The research question in this study was stated as follows:
‘What is the impact of climate initiatives on emissions and human development in Africa?’

To answer the research question, two hypotheses were formulated to examine this relationship. The
first hypothesis of the study is: ‘The GHG emissions are expected to have decreased in countries
where climate initiatives have been implemented’. Through empirical research, it can be concluded
that the implementation of climate initiatives has an insignificant negative effect on total GHG
emissions by allowing the initiatives to evolve over time. The extent to which the impact of the
initiatives affects the three largest components of GHG emissions were also examined: CO2, CHg4
and N>O. While no certainty on the relationship can be recognized for the latter two, it appears that
CO:z would be 20% higher than in the absence of climate initiatives.

These results are partly consistent with the literature reviewed. On the one hand, the conclusions
of Peters et al. (2019) seem to hold true, with climate policies not always effective in reducing
overall GHG emissions. This study is a good follow-up to this finding, concluding that it may not
have a direct effect on total GHG emissions, but rather on the component CO», accounting for most
of the emissions growth. This study also appears to complement the results of Abudu et al. (2023),
who examined the relationship of acceptance of PA by African countries on the intensity of
emissions. In doing so, Abudu et al. (2023) concluded that earlier adaptation to PA has a negative
effect on the intensity of emissions. The same reflection can be drawn here; this negative effect is
not visible for total GHG emissions, CHs and N-O, but it is visible for CO; emissions, when
initiatives are studied that can directly impact mitigation actions.

The second hypothesis is stated as follows: ‘Human development is expected to have increased
in the countries where the climate initiatives have been implemented’. From the empirical results,
it is evident that the climate initiatives have no significant on total HDI, taking into account a time
trend and solution for intragroup correlation. However, it does show that this relationship is

significant if we assume that the initiatives evaluate over time, with total HDI being 0.6% higher
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in the third year after implementation. This positive relationship is particularly evident with the
income index.

However, this relationship should be assumed with cautiousness, given that the literature rather
shows a causal relationship between emissions and human development. As a result, an IV
estimation was conducted. This estimate shows that the causal relationship results in a minimal
increase in HDI. This conclusion is consistent with theory; observing that reducing emissions by
implementing climate policies has a positive effect on human development (Haines et al., 2009;
Sarkodie & Adams, 2020; Lu et al., 2021).

From the above results, therefore rejecting both null hypotheses, it can be concluded that directly
targeted mitigation climate initiatives provide benefits both in terms of reducing emissions and

human development in African countries that have adopted these initiatives.
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6 Limitations

Despite the intensive research, there are also some important limitations to be aware of. First, in
all probability, no homogeneity can be recognized between countries that have implemented
climate initiatives and those that have not. In the course of this study, it was found that many
countries have adopted direct mitigation initiatives since the early 2000s. This resulted in only 11
of the 54 African countries being considered as control group.

Second, this study did not consider whether countries adopted multiple initiatives over time. The
year in which a country first implemented an initiative was retained as the year of treatment; any
effects due to implementing multiple initiatives in a country were disregarded within this study.
Ones treated is ever treated. As a result, the effects of multiple mitigation initiatives per country
may be higher, or different, on emissions and human development.

Third, the human development impact study found several data points missing. As a result, the
years before 2000 were omitted. This means that the pre-trends for the countries that implemented
climate initiatives in 2002 are minimal. Consequently, the study may have insufficient observations
for these countries to calculate post-treatment trends. This also resulted in no robustness check
being performed for this dependent variable.

And lastly, the selection of climate initiatives that have a direct focus on reducing emissions has
been carried out by own observation through various research on description, the stated targets,
and years of implementation per initiative. It remains to be seen, with additional testing for
example, whether these initiatives can truly be called effective, or actually recognize a direct focus.

These limitations allow for future research. This may entail extending the methodology to apply
a synthetic control method, where weights are given to the control group (also called the synthetic
group) to minimize differences in pre-trends. Also, follow-up research could be done to determine
the outcomes when a country adopts multiple climate initiatives and/or by adding covariates that
include better data observations. Another point that can be included in follow-up research that
resolves the direct focus of climate initiatives, mentioned as the last limitation, is that the C-CID
in the meantime has developed a so-called FOF score. This compares the functions/activities of the

initiatives with the expected outputs (Chan et al., 2022).
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8 Appendix

8.1 Appendix A: Additional descriptive analyses

TABLE 6: LIST OF CLIMATE INITIATIVES

Adopted
African Launch
Name of Climate Initiative MPAA Theme: countries  Year
1 Global Gas Flaring Reduction Partnership (GGFRP)  Energy, Industry 5 2002
2 The 2030 Challenge Human Settlements, Energy 2 2006
3 Forest Carbon Partnership Facility (FCPF) Land Use 17 2008
4 Airport Carbon Accreditation Transport, Energy 9 2009
5  Global Fuel Economy Initiative Transport, Energy 24 2009
6  Global Methane Initiative Energy 4 2010
7  Mitigating SLCPs from the Municipal Solid Waste Human Settlements, Waste 17 2012
Sector
8 BioCarbon Fund Initiative for Sustainable Forest Land Use, Forest 2 2013
Landscapes Governance
9  Catalytic Finance Initiative Energy, Finance 8 2014
10  Collaborative Climate Action Across the Air Transport 7 2014
Transport World
11 Low Carbon Rail Transport Challenge Transport, Energy 21 2014
12 Low Carbon Technology Partnership Initiative Energy, Industry 1 2014
(LCTPi) Chemicals
13 Oil & Gas Methane Partnership Industry 4 2014
14 Carbon Capture and Storage Energy, Industry, Supply 1 2015
Chain Emission Reductions
15 Central African Forest Initiative Land Use, Human 6 2015
Settlements, Resilience
16  Global Alliance for Buildings and Construction Human Settlements, Energy 6 2015
17  Global Geothermal Alliance Energy 9 2015
18 MobiliseYourCity Partnership Human Settlements, 15 2015
Transport, Health and Well-
being
19 Remove Commodity-driven Deforestation Land Use 1 2015
20  SEforAll: Industrial Energy Efficiency Accelerator Energy, Industry 3 2015
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21 WMB:Science-Based Targets initiative (SBT1)

22 Zero Routine Flaring by 2030

23 EP100

24 Climate Action 100+
25 Powering Past Coal Alliance

26  Fashion Industry Charter for Climate Action

27 Hydrogen Initiative

28 The Net Zero Carbon Buildings Commitment

29  Action towards Climate-Friendly Transport

30 Global Alliance to Significantly Reduce Methane

Emissions in the Oil and Gas Sector by 2030

31 United Nations-convened Net-Zero Asset Owner

Alliance

32 Zero Carbon Buildings for All

Transport, Energy, Industry 6

Energy

Energy, Industry
Industry, Finance
Energy

Industry

Transport

Human Settlements
Transport

Energy, Industry

Investment Portfolios

Human Settlements,

Energy, Policy

12
1
1

28

2015
2015
2016
2017
2017
2018
2018
2018
2019
2019

2019

2019

Notes: MPAA themes are part of the sectoral visions of the Climate Action Pathways (UNFCCC, 2023a).

TABLE 7: LIST OF AFRICAN COUNTRIES WITH AMOUNT OF ADOPTED CLIMATE INITIATIVES

Country name:

Region:

Number of adopted initiatives: Adoption since:

South Africa
Nigeria
Ethiopia

Kenya
Cameroon
Senegal
Uganda

Cote d'lIvoire

Morocco
Egypt
Gabon

Tunisia

Tanzania

Burkina Faso

DR Congo
Ghana

Zambia

Southern Africa
Western Africa
Eastern Africa
Eastern Africa
Middle Africa
Western Africa
Eastern Africa
Western Africa
Northern Africa
Northern Africa
Middle Africa
Northern Africa
Eastern Africa
Western Africa
Middle Africa
Western Africa

Eastern Africa

15
13
10

—_
=)

L O O & 9 9 9 9 0o 0o o o Vo

2006
2002
2008
2008
2002
2009
2008
2008
2009
2009
2002
2009
2008
2008
2002
2008
2009
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Algeria Northern Africa 4 2002
Mozambique Eastern Africa 4 2008
Togo Western Africa 4 2008
Angola Middle Africa 3 2014
Botswana Southern Africa 3 2009
Madagascar Eastern Africa 3 2008
Mali Western Africa 3 2009
Mauritius Eastern Africa 3 2009
Namibia Southern Africa 3 2014
Benin Western Africa 2 2009
Central African Republic Middle Africa 2 2008
Congo Middle Africa 2 2015
Djibouti Eastern Africa 2 2014
Liberia Western Africa 2 2008
Libya Northern Africa 2 2014
Malawi Eastern Africa 2 2009
Niger Western Africa 2 2015
Sudan Northern Africa 2 2008
Eswatini Southern Africa 2 2012
Zimbabwe Eastern Africa 2 2009
Comoros Eastern Africa | 2015
Equatorial Guinea Middle Africa 1 2015
Mauritania Western Africa 1 2014
Rwanda Eastern Africa 1 2009
Sierra Leone Western Africa 1 2012
South Sudan Eastern Africa | 2015
Burundi Eastern Africa 0 NONE
Cabo Verde Western Africa 0 NONE
Eritrea Eastern Africa 0 NONE
Guinea Western Africa 0 NONE
Gambia Western Africa 0 NONE
Guinea-Bissau Western Africa 0 NONE
Lesotho Southern Africa 0 NONE
Somalia Eastern Africa 0 NONE
Sao Tome and Principe Middle Africa 0 NONE
Seychelles Eastern Africa 0 NONE
Chad Middle Africa 0 NONE
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TABLE 8: SUMMARY STATISTICS CONTROL VARIABLES

Period Mean SD Obs. 10th % 90th %
Control variables
Daily Temperature Bins
<l4°C Full period 16.5 43.1 1590 84
1990 - 1994 17.6 44.9 265 94
2015 - 2019 15.7 422 265 78
14-18°C Full period 17.6 30.4 1590 0 70
1990 - 1994 18.1 30.4 265 0 70
2015 - 2019 16.5 28.8 265 0 64
18-22°C Full period 49.9 68.5 1590 0 124
1990 - 1994 55 69.6 265 0 128
2015 - 2019 48.7 67.8 265 0 124
22-26°C Full period 158 95.6 1590 50 310
1990 - 1994 163 93.5 265 51 294
2015 - 2019 155.2 94.2 265 48 293
26-30°C Full period 102 84.4 1590 0 229
1990 - 1994 94 79.6 265 0 218
2015 - 2019 107.3 84.2 265 1 241
>30°C Full period 21.3 422 1590 0 98
1990 - 1994 17.6 373 265 0 90
2015 - 2019 21.9 41.6 265 0 97
Precipitation Terciles
Lower Full period .34 47 1590 0 1
Middle Full period .34 47 1590 0 1
Upper Full period 32 47 1590 0 1
GDP Full period 1851.4 2662 1544 250.6 4962.6
per capita 1990 - 1994 1078.6 1469.5 248 188.6 2855.9
2015 - 2019 2583.2 3121.4 261 490.4 6734.5
Current Full period 106.4 137.4 1025 17.5 2923
Health 2000 - 2005 61.6 83.6 255 9.3 183.9
Expenditure 2015 - 2019 129.1 163 258 25 329
per capita*
School Full period 94 25.7 1309 59.1 123.1
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Enrollment 1990 - 1994 77.8 28.8 215 33.7 114.7
Primary** 2015 - 2019 103.6 18.6 214 76.8 128

Notes:

* “Current expenditures on health per capita in current US dollars. Estimates of current health
expenditure include healthcare goods and services consumed during each year” (WB, 2023b);

** “Gross enrollment ratio is the ratio of total enrollment, regardless of age, to the population of the
age group that officially corresponds to the level of education shown. Primary education provides
children with basic reading, writing, and mathematics skills along with an elementary understanding of
such subjects as history, geography, natural science, social science, art, and music” (WB, 2022); All
datasets have wide time spans except for the health expenditure data, where the time span is available
from 2000 to 2019.
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8.2 Appendix B: Additional empirical results

TABLE 9: EXTENSION OF TABLE 2;
TREND ESTIMATES ON GHG EMISSIONS

CLIMATE INITIATIVES
1 2 3 4 5 6
Panel A. TOTAL GHG
ni: (1 x CI) 10,497.05%** 67.86 3,847.84 6,405.42 125.61 3,689.56
(2,694.91) (2,850.60) (3,712.32) (7,365.16) (4,977.97) (3,524.81)
my: time trend 1,222.05%**  1,319.79%%* 1,208.35 1,342.79
(263.52) (260.66) (1,380.13) (1,397.70)
m3: (1 x CI) x time trend -1,570.12 -1,496.76
(1,044.72) (1,385.81)
Daily Temperature <14°C -1,065.12%** -1,048.71*** -1,054.79%**
(314.42) (293.12) (293.72)
Daily Temperature 14-18°C -81.62 -68.16 -80.59
(155.94) (159.73) (162.22)
Daily Temperature 22-26°C 45.99 38.81 38.92
(42.72) (47.82) (48.24)
Daily Temperature 26-30°C 4.71 5.71 12.38
(76.08) (75.42) (78.10)
Daily Temperature >30°C 567.16* 572.66* 575.98%*
(331.47) (333.48) (332.87)
Lower Tercile Precipitation 342,541.93%** 334,672.56%** 337,062.96%**
(41,430.79) (39,916.03) (40,765.29)
Upper Tercile Precipitation -1,882.77 -83.95 1,419.51
(16,924.22) (16,390.48) (16,470.05)
2-year effect (m; + 273) 707.6 696.03
p-value .80 .88
3-year effect (m; + 373) -862.5 -800.7
p-value .76 .89
4-year effect (m; + 4n3) -2432. -2297.
p-value 46 .73
5-year effect (7, + 5m3) -4002. -3794.
p-value 32 .63
Observations 17 17 17 1589 1589 1589
Panel B. CO,
ni: (1 x CI) 12,842.94%** -694.51 3,361.30 7,340.47 -847.59 3,620.56
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(2,983.006) (2,284.80) (2,712.06) (5,772.32) (4,016.40) (3,037.41)
my: time trend 1,586.93***  1,699.02%** 1,578.40 1,747.31
(212.97) (194.43) (1,202.42) (1,251.29)
m3: (1 x CI) x time trend -1,684.38%* -1,876.74
(753.71) (1,165.81)
Daily Temperature <14°C -989.05%** -967.63%** -975.25%%*
(291.87) (268.03) (269.41)
Daily Temperature 14-18°C -160.00 -142.40 -157.98
(116.50) (119.02) (122.41)
Daily Temperature 22-26°C -11.49 -20.83 -20.69
(30.60) (34.85) (34.97)
Daily Temperature 26-30°C -41.42 -40.02 -31.64
(58.74) (56.96) (58.34)
Daily Temperature >30°C 380.90 388.38 392.58
(304.43) (305.05) (303.41)
Lower Tercile Precipitation 21,399.38 30,164.46 27,206.15
(25,100.94) (20,876.23) (21,138.02)
Upper Tercile Precipitation -215,279.61%**%  -207,214.09***  -212,426.58%**
(61,074.51) (55,892.35) (56,803.99)
2-year effect (m; + 273) -7.47 -132.9
p-value 10 97
3-year effect (m; + 373) -1691. -2009.
p-value 43 .65
4-year effect (m; + 4n3) -3376. -3886.
p-value 17 46
5-year effect (7, + 5m3) -5060.* -5763.
p-value .09 .36
Observations 17 17 17 1587 1587 1587
Panel C. CH4
ni: (1 x CI) -1,055.36 -65.74 -444.69 -403.76 256.71 -777.33
(1,019.23) (1,674.84) (2,381.68) (2,248.59) (1,190.25) (1,103.14)
my: time trend -115.37 -124.79 -127.08 -166.08
(153.57) (164.13) (316.35) (317.97)
n3: (1 x CI) x time trend 154.26 434.26*
(664.41) (217.85)
Daily Temperature <14°C -95.76 -97.49 -95.73
(63.83) (65.88) (66.80)
Daily Temperature 14-18°C 21.74 20.32 23.93
(55.99) (57.44) (56.83)
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Daily Temperature 22-26°C 41.58%* 42.34%* 42.30%*
(17.41) (17.88) (17.68)
Daily Temperature 26-30°C -2.70 -2.81 -4.75
(22.74) (22.72) (23.23)
Daily Temperature >30°C 128.43%** 127.85%** 126.88%**
(46.25) (45.82) (46.04)
Lower Tercile Precipitation 68,837.34%** 68,129.02%** 68,813.30%**
(6,216.54) (6,845.64) (6,754.47)
Upper Tercile Precipitation -27,239.92 -28,965.63 -28,024.24
(16,962.12) (19,358.77) (19,308.57)
2-year effect (m; + 273) -136.1 91.2
p-value 94 94
3-year effect (m; + 373) 18.09 525.46
p-value 99 .68
4-year effect (m; + 4n3) 172.35 959.73
p-value 93 .49
5-year effect (7, + 5m3) 326.61 1393.9
p-value .89 .36
Observations 17 17 17 1590 1590 1590
Panel D. N,O
ni: (1 x CI) 549.42%* 460.37 737.54 526.63 492.48 671.43%
(202.98) (337.12) (469.04) (1,192.86) (480.54) (392.86)
m: time trend 10.34 17.01 6.57 13.32
(30.70) (31.95) (223.61) (225.71)
n3: (1 x CI) x time trend -112.85 -75.15
(131.42) (118.16)
Daily Temperature <14°C 33.30 33.39 33.09
(33.41) (34.28) (33.95)
Daily Temperature 14-18°C 44.80** 44 .88** 44.25%*
(19.71) (20.12) (19.95)
Daily Temperature 22-26°C 13.72%% 13.68%* 13.69%*
(6.83) (6.27) (6.30)
Daily Temperature 26-30°C 31.44%%x* 31.44%%x* 31.78%*x*
(9.54) (9.51) (9.87)
Daily Temperature >30°C 39.77%%x* 39.80%** 39.96%**
(11.13) (10.69) (10.88)
Lower Tercile Precipitation 8,622.10%** 8,658.72%** 8,540.30%**
(2,516.68) (2,788.31) (2,778.28)
Upper Tercile Precipitation 4,525.43 4,614.65 4,451.73

45



R.A. (Robin) Smaal Jun. 30, 23 Master Thesis, Economics
(7,128.56) (8,031.74) (7,994.90)
2-year effect (m; + 273) 511.83 521.13
p-value .16 .26
3-year effect (m; + 373) 398.98 44597
p-value 27 40
4-year effect (m; + 4n3) 286.12 370.82
p-value 48 .55
5-year effect (7, + 5m3) 173.27 295.67
p-value 72 .68
Observations 17 17 17 1590 1590 1590
Equation 2A Second stage YES NO NO NO NO NO
Equation 2B Second stage NO YES NO NO NO NO
Equation 2C Second stage NO NO YES NO NO NO
Equation 2A First stage NO NO NO YES NO NO
Equation 2B First stage NO NO NO NO YES NO
Equation 2C First stage NO NO NO NO NO YES

Notes: Robust standard errors in parentheses,

p-values of the year effects can be seen directly beneath the coefficients of these effects,

w6k p < 0,01, **p < 0.05, *p < 0.1.
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TABLE 10: EXTENSION OF TABLE 3;
TREND ESTIMATES ON HUMAN DEVELOPMENT

CLIMATE INITIATIVES
1 2 3 4 5 6
Panel A. HDI TOTAL
mi: (1 x CI) 1.50%** 0.36* 0.46* 0.94* 0.26 0.37
(0.24) (0.18) (0.23) (0.52) (0.39) (0.35)
m2: time trend 0.14%** 0.14%** 0.16** 0.18*
(0.02) (0.02) (0.08) (0.09)
m3: (1 x CI) x time trend -0.04 -0.07
(0.06) (0.12)
GDP per capita -0.00 -0.00 -0.00
(0.00) (0.00) (0.00)
Current Health Expenditure per capita 0.00 0.00 0.00
(0.01) (0.01) (0.01)
School Enrollment primary 0.06** 0.06** 0.06**
(0.03) (0.03) (0.03)
2-year effect (11 + 273) 38%* 23
p-value .06 .60
3-year effect (71 + 3m3) 33* 16
p-value .09 .76
4-year effect (m1+ 4ms) .29 .09
p-value 18 .89
S5-year effect (71 + 5m3) .25 .02
p-value 32 .98
Observations 17 17 17 828 828 828
Panel B. EDUCATION INDEX
m: (1 x CI) 0.82%* 0.89 0.56 0.74 0.18 0.23
(0.33) (0.56) (0.75) (0.86) (0.43) (0.43)
m2: time trend -0.01 -0.02 0.13 0.14
(0.06) (0.06) 0.17) (0.18)
n3: (1 x CI) x time trend 0.14 -0.04
(0.20) (0.16)
GDP per capita -0.00 -0.00 -0.00
(0.00) (0.00) (0.00)
Current Health Expenditure per capita 0.01 0.01 0.01
(0.01) (0.01) (0.01)
School Enrollment primary 0.10%*** 0.10%*** 0.10%**
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(0.01) (0.02) (0.02)
2-year effect (11 + 273) .84 16
p-value 17 73
3-year effect (11 + 373) .97 A3
p-value A2 .82
4-year effect (11 + 4ms) 1.11 .09
p-value A2 .89
S5-year effect (71 + 5m3) 1.24 .06
p-value 13 95
Observations 17 17 17 828 828 828
Panel C. HEALTH INDEX
m: (1 x CI) 1.90%* -0.96 -0.35 0.69 -0.13 -0.03
(0.65) (0.63) (0.78) 0.91) 0.71) (0.50)
m2: time trend 0.36%** 0.38*** 0.20 0.21
(0.06) (0.07) (0.22) (0.25)
m3: (1 x CI) x time trend -0.26 -0.06
(0.21) (0.21)
GDP per capita -0.00* -0.00* -0.00*
(0.00) (0.00) (0.00)
Current Health Expenditure per capita 0.01 0.01 0.01
(0.02) (0.02) (0.02)
School Enrollment primary 0.00 0.00 0.00
(0.05) (0.05) (0.05)
2-year effect (m1+ 2m3) -.88 -.15
p-value 18 .85
3-year effect (11 + 373) -1.14* -21
p-value .09 .83
4-year effect (m1+ 4ms) -1.4% -27
p-value .07 .82
S5-year effect (71 + 5m3) -1.66* -33
p-value .07 81
Observations 17 17 17 828 828 828
Panel D. INCOME INDEX
m: (1 x CI) 1.09*** [ 13%** 0.97** 1.09* 0.84* 0.85%*
(0.15) (0.28) (0.35) (0.64) (0.50) 0.37)
m2: time trend -0.00 -0.01 0.06 0.06
(0.03) (0.03) (0.12) (0.13)
m3: (1 x CI) x time trend 0.07 -0.00
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(0.09) 0.17)
GDP per capita 0.00%*** 0.00%*** 0.00%**
(0.00) (0.00) (0.00)
Current Health Expenditure per capita -0.02%** -0.02%** -0.02%%*
(0.00) (0.00) (0.00)
School Enrollment primary 0.06 0.06 0.06
(0.04) (0.04) (0.04)
2-year effect (11 + 273) L1 .84
p-value 00 .14
3-year effect (11 + 373) 1.18%** .83000
p-value 00 24
4-year effect (11 + 4ms) [.25%** .83000
p-value 00 33
S5-year effect (71 + 5m3) [.31%** .82000
p-value 00 41
Observations 17 17 17 828 828 828
Equation 2A Second stage YES NO NO NO NO NO
Equation 2B Second stage NO YES NO NO NO NO
Equation 2C Second stage NO NO YES NO NO NO
Equation 2A First stage NO NO NO YES NO NO
Equation 2B First stage NO NO NO NO YES NO
Equation 2C First stage NO NO NO NO NO YES

Notes: Robust standard errors in parentheses,
p-values of the year effects can be seen directly beneath the coefficients of these effects,
¥k p < 0.01, ¥*p <0.05 *p <01
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TABLE 11: EXTENSION OF TABLE 5;

ROBUSTNESS CHECK
CLIMATE INITIATIVES
1 2 3 4 5 6
Panel A. TOTAL GHG
m: (1 x CI) 8,011.06** -2,350.13 2,506.75 4,742.81 -1,175.50 3,722.23%*
(2,801.89)  (3,229.92) (4,119.12) (7,033.41)  (4,535.61) (1,416.53)
m2: time trend 1,233.54*** 1,366.76%** 1,145.21 1,325.96
(304.83) (295.24) (1,268.10) (1,348.76)
m3: (1 x CI) x time trend -1,967.82 -2,032.73
(1,134.68) (1,945.96)
Temperature 29,950.37** 29,564.69*** 29 599 73***
(11,515.31)  (10,998.91)  (10,997.15)
Precipitation -15.29 -19.54 -25.55
(49.97) (49.28) (45.57)
2-year effect (11 + 273) -1428. -343.2
p-value .65 93
3-year effect (11 + 373) -3396. -2375.
p-value .29 .67
4-year effect (m1+ 4ms) -5364. -4408.
p-value 15 .56
S-year effect (1 + 573) -7332.* -6441.
p-value .10 .49
Observations 17 17 17 1589 1589 1589
Panel B. CO:
m: (1 x CI) 11,139.63***  -2,105.52 2,571.81 6,096.67 -1,617.06 3,755.30%*
(3,093.02)  (2,763.23)  (3,339.89) (5,048.34)  (3,178.21) (1,578.45)
m2: time trend 1,574.77%*% 1,707.92%** 1,495.33 1,693.95
(260.42) (242.29) (1,141.77) (1,245.56)
n3: (1 x CI) x time trend -1,928.30* -2,229.94
(922.05) (1,654.44)
Temperature 25,252.68** 24,743.57**  24,781.40**
(10,617.29)  (10,070.69)  (10,062.49)
Precipitation -25.31 -30.91 -37.51
(36.33) (35.35) (32.76)
2-year effect (11 + 273) -1284. -704.5
p-value .62 77
3-year effect (11 + 373) -3213. -2934.
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p-value 23 46
4-year effect (m1+ 4ms) -5141.* -5164.
p-value .10 .36
S5-year effect (71 + 5m3) -7069.* -7394.
p-value .06 31
Observations 17 17 17 1587 1587 1587
Equation 2A Second stage YES NO NO NO NO NO
Equation 2B Second stage NO YES NO NO NO NO
Equation 2C Second stage NO NO YES NO NO NO
Equation 2A First stage NO NO NO YES NO NO
Equation 2B First stage NO NO NO NO YES NO
Equation 2C First stage NO NO NO NO NO YES

Notes: Robust standard errors in parentheses,
p-values of the year effects can be seen directly beneath the coefficients of these effects,
¥k p < 0.01, **p <0.05 *p <01
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