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Abstract

Climate finance stakeholders across Africa have long sought to understand the complex nature of the climate cash flow
architecture. Distribution models are critical mathematical tools for generating the general characteristics of the cash flow
that are used to inform policy decisions. In this paper, we undertake a comprehensive investigation of the climate funds
flowing into sub-Saharan Africa (SSA) by suggesting candidate climate finance models that can be used by policy makers
to design simulations that can aid in assessing climate risks, identify more efficient climate finance schemes, and obtain
optimal control parameter settings under different scenarios. This is achieved by considering climate finance as a form of
insurance. Different dimensions of the data are examined following four distinct groupings of the data set. This is to account
for different views of risk by the various climate finance participants. The frequency and severity of the approved funds are
analyzed with the aid of various mathematical distribution models and regression analyses. The dynamics of a given variable
relative to varying scenarios are examined. The findings obtained confirm the presence of emerging risks induced by the
nature of the flow. Central Africa for instance records the lowest theme-specific projects and mitigation finance accounts
for more than half of all the climate funds while sectoral-wise, adaptation finance is majorly concentrated in the energy sec-
tor. The perpetuation of the observed inequalities across the themes, subregions and sector-specific climate-related projects
portends grave consequences as these risks begin to accumulate over time. The Burr mixture model best fitted the approved
projects’ cost distribution and the factors driving the frequency and severity of approved projects ranged from Central Africa
to projects in the general environment sector. One of the policy recommendations emphasized was the need to adopt a risk-
adjusted distribution model for climate finance allocation in SSA.

Keywords Climate finance-induced inequalities - Climate justice - Frequency-severity modelling - Insurance - Paris
Agreement - Risk management

1 Introduction

According to Strebel [1], a staggering sum of $219 bil-
lion in claims was paid globally by the re/insurance indus-
try just within a two year period (2017-2018) following
weather-related disasters. This clearly reflects the bur-
den that climate change poses on the re/insurance sec-
tor worldwide. A move that led to the formation of the
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Sustainable Insurance Forum (SIF) in 2016 as emphasized
by the International Association of Insurance Supervisors
[2]. The SIF is a forum made up of insurance regulators
and supervisors with particular focus on climate change.
In spite of the amount of financial burden borne by the
re/insurers, this value ($219 billion) only represents 44%
of all the losses encountered. Cyclone Idai, for instance,
caused Mozambique, Malawi and Zimbabwe an overall
economic loss amounting to $2 billion but only 7% of
these losses were covered by insurance [1]. This leaves the
vast majority of losses seeking for cover from the individ-
uals affected, their government, relief agencies and busi-
nesses operating in these localities. This therefore exerts
more pressure on the governments of developing countries
who already lack the capacity to adequately provide the
basic necessities needed by their citizens. Moreover, the
very low penetration of insurance in Africa adds adversely
to the problem.
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Climate finance therefore remains one of the key mech-
anisms towards drastically reducing the financial bur-
den triggered by climate change. The reason being that it
attempts to tackle the climate problem from the root in an
all-encompassing manner. Based on this line of thought,
climate finance can be viewed as some sort of long term
insurance, given that if utilized properly it is bound to save,
especially for developing countries, a lot in terms of money,
time, expended effort and exposure to climate risk, which on
its own, triggers multiple problems such as migration [3, 4],
civil wars due to insufficient resources [5—-8], food insecurity
[9-12], loss of biodiversity [13], deaths [14, 15] and much
more. Moreover, the goals of climate finance exhibit some of
the characteristics of insurance; namely, loss prevention and
mitigation plus the sharing of (climatic) risk burdens. Indeed
for many years, the African continent has been paying the
“premium” of long suffering given the multidimensional
climatic challenges that have undermined the realization of
sustainable development in the region.

A closer look at the interconnections between the climate
system and the global financial system was presented by
Larosa et al. [16]. Just as the financial crisis in the USA in
2008 led to huge financial losses across the globe plus the
emotional devastation that followed suit, they argue that the
climate crisis likewise poses the same if not greater destruc-
tion, given that it also an interconnected global emergency.

According to IAIS [2], from the year 2015, several gov-
ernments, regulators, central banks as well as financial asso-
ciations and institutions across the world have made sustain-
able finance their special focus. Of note is the formation of
the Task Force on Climate-related Financial Disclosures to
propel this mission.

Since 2003 climate funds (in millions of dollars) have
been flowing into SSA from public, private and alternative
sources. However, tracking these flows and the progress
made through the use of quantitative techniques have been
neglected within academic settings. This should not be the
case due to the central role climate finance plays in actual-
izing not only the Paris Agreement [17] with regards to
sustainably developing resilience towards climate-related
challenges but also in achieving the millenium develop-
ment goals [18]. Bowen et al. [19] employed a couple of
integrated assessment models to determine the financial
transfers needed to equalize climate mitigation effort
across different regions. In the bid to assess the character-
istics of developing countries and their climate mitigation
allocation between the years 1998 to 2010, Halimanjaya
[20] made use of a sample size of 180 countries, utiliz-
ing regression modelling where the attributes ranged from
CO2 intensity to gross domestic product (GDP). Qualita-
tive analyses on climate finance are not as highly limited
as in the case of quantitative analyses. Some authors, for
example Banga [21], have investigated how structural

@ Springer

transformation is affected by climate finance in developing
countries using the DEPSAE (driver-exposure-pressure-
state-action-effect) model, while others such as Bird and
Glennie [22] and Bowen [23] examined, respectively, the
governance of international climate funds and different
strategies employed to raise the funds. The ethics relating
to climate finance was studied by Grasso [24] and Soltau
[25]. The tracking, supervision and distribution of the flow
of climate finance have also been investigated [26-29].

Donner et al. [29] employed machine learning
algorithms to test the impact of different accounting
assumptions as relating to adaptation finance for countries
within the Oceania region noting an uneven distribution of
adaptation aid. Adaptation finance was also the focus of
Weiler and Sanubi [30] who assessed the factors driving
the allocation of funds across different African countries.
Our paper extends Savvidou et al. [31] which fully focused
on the climate finance flowing into Africa. Savvidou et al.
[31] noted that there was a lack of studies that provide
disaggregated region, country- or sector-specific climate
finance flows into the African continent and further
undertook a quantitative mapping of only adaptation
finance distribution into individual African countries and
regions, taking note of the sectors receiving the highest
finance. Additionally, adaptation finance disbursement
ratios were estimated. There were, however, some gaps
that were not addressed which we have taken steps to
tackle in this paper. In particular, our contributions to
knowledge are as follows: first, we broaden the scope to
include, in addition to adaptation finance, mitigation and
multiple foci climate finance flows. Second, we analyze
the data from different perspectives thereby accounting
for different levels of detail. Third, drawing from the
insurance context, priority is given to investigating the rate
at which the finance flows in (frequency) and the amount
of the finance (severity). Appropriate models that best
generate these attributes (frequency and severity) are also
identified. These research areas enable the development of
arobust and transparent tracking system of climate finance
across Africa. Plus, they are required to understand and
manage the inherent risks.

In recent times, sustainable insurance has been advocated
by the United Nations Environment Programme Finance Ini-
tiative Insurance Working Group [32] as the panacea to tack-
ling systemic risks brought about by environmental, social
and governance problems. This paper takes the first step in
tackling the frequency-severity dimensions of risk manage-
ment by focusing solely on the SAA region.

The remaining part of this paper is organized as follows.
The data used is described in Section 2 while Section 3 out-
lines the methodology employed. The empirical analysis is
presented in Section 4 along with the results and discussion.
Conclusions are made in Section 5.
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2 Data

The data set employed can be obtained from the climate
funds update website (climatefundsupdate.org), maintained
by Heinrich-Boll-Stiftung Washington, D.C. and Overseas
Development Institute. The information and data are totally
focused on different multilateral climate funds and tracking
the flow of the finance into, mainly, developing countries in
a bid to address the challenges of climate change. The period
of the data used for this paper is from 2003 to February 2020.
The data is not a time series data. Variables in the data include
fund, fund type, country, world bank region, income classifi-
cation, name of project, theme/objective, sector (OECD), sub-
sector, approved year, end year, amount of funding approved
(USD millions) and disbursed (USD millions). For example,
Adaptation for Smallholder Agriculture Programme (ASAP)
is of type multilateral. An example of one of the countries
is Benin within the SSA world bank region. One of Benin’s
climate-related projects is Project d’Appui au Developement
du Maraichage au Benin (PADMAR). The fund’s objective
is adaptation and the sector-specific target is the agricultural
sector particularly, the agricultural water resources sector.
The category labelled sub-Saharan as described under the
African world bank region variable was extracted giving 693
observations, 48 African countries and 20 multilateral funds.

2.1 Grouping the Data

The broader view of risk is multidimensional in nature. The
donors, recipients, policymakers, regulators and other key
climate players may view risk from different perspectives.
This has motivated the need to present and analyze different
groupings of the data set to obtain a more comprehensive
understanding of the dynamics of the fundamental driv-
ers of climate finance. Additionally, evaluating different
dimensions of the data set allows for greater practical use
of the findings from this research. As Pickering et al. [33]
and Buchner et al. [34] pointed out, the dominant challenge
associated with assessing international climate finance lies
solely in the complete lack of understanding of its frag-
mented and complex architecture. That is, its nature by
design sets a very high threshold that many African coun-
tries might not be able to surpass given the lack of special-
ized technical knowledge and institutional capacities, the
proliferation of substandard processes and the speed with
which climate change disasters are occurring in contrast
to the pace of accessing the proportional amount of funds
needed for specific climate-related projects.

This issue has led to a series of frictional episodes
between developed and developing countries. For instance,
major stakeholders in Africa are currently calling for a
climate finance tracker in order to have a clearer view of

the flow of climate funds [35]. In other words, they want
to know the donors (from the developed countries) that
are meeting their targets and those that are not to track
exactly where the funds are going to and how they are
being utilized and consequently, to have a concrete basis
upon which they can then formulate weighty arguments
that border on climate justice for Africa. We have taken
this quest into account by attempting to break down the
complexity inherent in the climate finance layout to a
form that is easier to “digest.” Therefore, we study the
data based on various classifications such as from the
thematic perspective which are Mitigation general (MG),
Adaptation (AD), Mitigation REDD (MR) and Multiple
foci (MF). These represent the four main risk types. Other
classifications are severity versus frequency; per country
versus per region; per theme versus per sector based pro-
jects; aggregate level (portfolio) versus individual level
perspectives which, in general, coincide with the top-down
approach versus bottom-up approach, respectively.
The four distinct groupings are:

1. Cost per sector-specific projects (cpssp). There are 684
observations.

2. Aggregated number of projects and cost per theme per
country (apctc). There are 48 observations.

3. Aggregated number of SSA countries per number of
thematic-based projects (aSSAt). Observations differ
per theme in this case.

4. Theme-based number of projects per country (tppc),
n = 155 entries.

Tables 1, 2, 3, and 4 show the first few entries of the distinct
groupings.

The structure of the data is as follows:
(I)  Funds represent the amount of the approved climate
finance by a multilateral funding unit.

(Il)  Fund indicator has two levels representing UNF-
CCC (0) and non-UNFCCC (1) multilateral finan-

Table 1 cpssp data grouping

Funds Fund Theme Region Sector Time
indicator  indicator indicator indicator

4.50 1 1 3 0 0.2015
4.88 1 1 3 0 0.2015
4.03 1 1 3 1 0.2016
4.50 1 1 3 4 0.2014
1.03 1 1 3 4 0.2016
6.29 1 1 3 4 0.2014

10.94 1 1 3 4 0.2016
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Table 2 apctc data grouping
Country MG amount MG count AD amount AD count MR amount MR count MF amount MF count
Angola 8.16 2 25.67 5 0.00 0 0.00 0
Benin 7.52 3 51.1 12 2.63 1 1.89 3
Botswana 2.63 1 0 0 0.00 0 0.95 1
Burkina Faso 29.65 4 49.3 8 53.07 7 5.92 3
Burundi 34 2 22.86 7 0.00 0 0.00 0
Cabo Verde 4.53 3 7.28 4 0.00 0 8.12 2
cial mechanisms. UNFCCC means United Nations — Forestry (3);
Framework Convention on Climate Change. — General environment protection, environmental
(ITII) Theme indicator has four levels representing AD research, other multisector (which includes environ-
(1), MG (2), MR (3) and MF (4). mental policies, administrative management, urban
(IV) Region indicator has four levels representing West development, etc) and unallocated sectors (which are
Africa (WA) (1), Southern Africa (SA) (2), Central mainly bordering on environmental and admin issues
Africa (CA) (3) and Eastern Africa (EA) (4). This as well) (4);
classification follows the African Union division [36]. — Water supply and sanitation (5).
(V) Sector indicator has six levels representing the

area where a country’s climate project is
expected to improve:

Agriculture, fish, food and food security, health (0);
Disaster and preparedness (1);

Energy — generation, distribution, renewable
sources, policy and transport as well as industry (2);

Table 3 aSSAt data grouping

(VD)

The time represents the year the project was approved.
It has been scaled down (divided by 10000).

Remark 1 The project’s description summary was used to
fit, into an appropriate sector, the few entries that did not
have clearly stated sectors. In general, the number in the
parentheses (+) serves as the indicators (ind).

Number of thematic ~ Number of SSA countries Number of SSA countries Number of SSA countries Number of SSA

projects having MG projects having AD projects having MR projects countries having MF
projects

0 6 2 24 3

1 8 6 5 7

2 13 2 7 13

3 6 3 5 9

4 5 4 2 5

5 4 3 1 7

6 1 6 1 1

7 3 2 2 2

8 0 5 0 0

9 0 2 0 1

10 0 1 1

11 1 4

12 0 2

13 0 3

14 0 0

15 0 2

16 0 0

17 0 1

18 0

19 1
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Table4 tppc data grouping Country Theme Theme ind Region Region ind Disbursed Number of
proportion  projects

1 Angola AD 1 SA 2 0.7698 5

2 Angola MG 2 SA 2 0.2825 2

3 Benin AD 1 WA 1 0.1078 12

4 Benin MG 2 WA 1 0.7769 3

5 Benin MR 3 WA 1 0.0000

6 Benin MF 4 WA 1 0.3028 3

With respect to Table 3, the first three rows (the case of
MG finance) imply that six countries have zero MG projects,
eight countries have one, thirteen countries have two and so
on. We have 0 to 19 for MG, 0 to 17 for AD, 0 to 10 for MR,
0 to 9 for MF.

The disbursed proportion (Table 4) represents the pro-
portion of the approved climate finance that has been paid
out. The apctc and tppc groupings show that the various
African countries have different project-cost and project-
count experiences.

Tables 1, 2, 3, and 4 try to assess similar or different risk
concerns. For instance, if the main risk concern is approved
project fund distribution adequacy (which would be analo-
gous to say, climate “price” distribution), the results from
Table 1 analysis would give the most appropriate answer.

Remark 2 Although this paper concentrates on multilat-
eral climate funds which cater mostly to least developed
countries, we should note that there are other climate
funding sources such as the bilateral donors, multilateral
development banks and international development finance
institutions among others. These mostly provide funds as
loan rather than as grant which is obtainable from mul-
tilateral donors.

3 Statistical Methods

Given that this research is basically focused on the appli-
cation of various distributional models as well as regres-
sion techniques, this section will briefly highlight the
models used and references will be indicated to direct a
rigor-inclined mathematical reader to in-depth details.
Another reason for adopting this perspective is to sim-
plify the process as much as possible for practitioners and
policymakers.

3.1 Contingency Tables
Pearson [37] studied the relationship between two variables

giving rise to the concept of contingency tables (CTs). A
CT is made up of a collection of cells containing counts of

items, events, people, etc. The organization of these cells
is mostly in the form of cross-classifications which corre-
spond to specific categorical variables. Different sampling
models can be used to generate the cell values. A CT can
have n-dimensions which correspond to counts on n cat-
egorical variables.

A two-way CT is applied in this paper. In a nutshell, a
two-way CT can be described as follows: Suppose we clas-
sify N observations based on two categorical variables hav-
ing same or different number of levels, say k and /. This
two-dimensional table is represented in Table 5, where N, is
the observed frequency for cell (p, ¢) and i, n,, respectively,
represent the row and column totals.

3.2 Mathematical Distributions

A brief overview of the models that will be applied in this
paper is highlighted here. For more in-depth understanding,
the reader can refer to McCullagh and Nelder [38], Long
[39], Cameron and Trivedi [40], Agresti [41], Winkelmann
[42], and Zhou et al. [43].

Poisson Distribution Poisson distribution is a discrete prob-
ability distribution. A random variable X is Poisson dis-
tributed with scale parameter y > 0 if its probability mass
function is

pe
foy =5 )
x!
where x =0, 1,2, .... We write X ~ Poisson(u).
Table 5 General form of a contingency table
Row variables Column variables
1 q 1 Total
1 n g ny ny
P i Mg My n,
k My Mg My "k
Total n n, n N

q
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Negative Binomial Model The negative binomial distribu-
tion is a discrete probability distribution too. It is sometimes
called Pascal distribution or Polya’s distribution. A random
variable X is negative binomially distributed if its probability
mass function is

o=t ra-pr, )
X

where x=0,1,2,..., r>0and 0 < p < 1. We write X ~
NB(r, p).

Gamma Distribution We say that a continuous random vari-
able X > 0 is gamma distributed if its probability density
function is

f@ = Zwten, @)

a
(a)
where x > 0, > 0 and f > 0. We write X ~ Gamma(a, f).

Exponential Distribution We say that a continuous random
variable X > 0 is exponentially distributed with mean « if
its probability density function is

fx) = ée"“/ . )

where x > 0 and a > 0. We say X is an exponential random
variable with rate A if its probability density function is

f@) = Ae™™,

where x > 0 and A > 0. Exponential distribution is a particu-
lar case of the gamma distribution.

Weibull Distribution We say that a continuous random vari-
able X > 0is Weibull distributed with scale parameter a > 0
and shape parameter § > 0 if its probability density function is

f(x) = Exﬂ_le—(l/a)xﬁ’ (5)
a

where x > 0. We write X ~ Weibull(a, f). Exponential dis-

tribution is a particular case of the Weibull distribution.

Lognormal Distribution We say that a continuous random
variable X > 0 is lognormal distributed with parameters
a > 0and g > 0if its probability density function is

) = 1 e—%[ln(x/a)/ﬂ]z’

N (6)

where x > 0. We write X ~ lognormal(a, f).
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Burr Mixture Model The mixture of the two Burr distribu-
tions used in Section 4 is given by the probability density
function

ab(x/0) cd(x/$)"
@ =a—m——————+ (1l —-a)—————
x[1+ (/0] x[1+ (]! ™

for x>0,a>0,6>0,¢c>0,d>0,0>0, ¢ >0 and
O<a< 1

3.3 Regression Models

Generalized linear models (GLM) assume that data is sam-
pled from an exponential family of distributions whose prob-
ability density function is

a;[x,0; — b(6;)]

f(x::0,,¢) = exp { 7 c(x, d/a;) }, (8)

where 6,,i = 1,...,n are the canonical parameters, ¢ is
the dispersion (scale) parameter, a;,i = 1,...,n are the
prior weights of observed values, b(:) and c(-) are known
functions.

Distributions in the exponential family include the
gamma, Poisson, Gaussian and the negative binomial dis-
tributions. In insurance, they are used for frequency and
severity computations [44, 45]. GLM’s general structure is
composed of three components: i) random component, ii)
systematic component, iii) link function. The random com-
ponent specifies the response or dependent variable Y and
the probability distribution hypothesized. The systematic
component points out the explanatory or independent vari-
ables (x;, ..., x,), which describe each instance x; of the data
set, where n is the total number of instances in the data set.
Values of the explanatory variables are treated as fixed and
not as random variables. The link function g(u) indicates a
function of 4 = E(Y), the expected value or mean of Y.

In this paper, the lognormal, gamma and quasi-gamma
regression models are used to model the severity of the data
obtained. This is simply accomplished by replacing the link
function with the desired distribution in basic R and MASS R
packages [46]. For modelling frequency, log-Poisson, negative
binomial, zero-inflated (ZI) and Hurdle models are employed.
Negative binomial distributions are usually incorporated to
take care of the over-dispersion and sparsity problems in
count data. When the count data includes excess zeros, the ZI
and Hurdle models are used to handle such problems. The ZI
model [47] has a general structure as indicated in
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__ S+ =op(y;=0p), ¥, =0,
P(Yi = Yi) = { (1- ”)P()’ﬁﬂi)’ y; > 0. ©

For the hurdle model, the general form is

Pis yi =0,
(1-p) p(viski) (10)

P<Yi:y")= , ¥ > 0.
1 —P()’i = O;ﬂi)

4 Data Investigation
4.1 Exploring the Data

The annual climate finance per project (Fig. 1a) indicates
that the cost of most projects fall below $15 million dollars
as indicated by the dash line. We note that MG received the
highest funding (Fig. 1b, number 2) throughout the period
2003-2019, MR (3) the lowest. At the sectoral level (Fig. 1¢),
the energy/transport (2) and general environment protection/
env research (4) sectors take the largest share of climate
finance. Figure 1d seems to suggest that aside from region
3 (CA) all the other regions enjoy approximately the same
proportion of climate finance. This notion however will be
further investigated (Fig. 2).

4.2 Contingency Tables

Contingency tables are presented in Tables 6 and 7 to sum-
marize the data based on two different variables. The cpssp
(Table 1) data grouping is used here. The climate themes are
kept constant as they move across SSA regions, various cli-
mate project sectors, the funding units and the approved funds.

4.3 Observations from the Contingency Tables
4.3.1 Policy Perspectives

The findings from the contingency tables raise a couple
of issues:

1. Subregional level

West Africa has the highest number of approved pro-
jects across all risk types (Table 6: theme vs region).
There are three arguments we try to put forward as pos-
sible explanations for this observation. Firstly, the region
houses the highest population in Africa. This may be a
quite trivial reason however. Secondly, the countries in
this region may have a much more improved system of
national climate finance readiness. That is, following
the description given by United Nations Development
Programme (UNDP) [48], West African countries, most

probably, have the capacity to plan for and access; to
allocate and deliver as well as properly use both domes-
tic and international climate finance resources. They
(most likely) are also able to effectively monitor and
track the flow of climate funds while providing adequate
report on how the funds are used. Recently, South Africa
(one of the countries in Southern Africa) developed its
first report on climate finance flow [49]. These are steps
that need to be taken by other countries in the same
region in order to strengthen the ongoing transparency
discussions of climate finance usage, thus increasing
the chances of the region (which generally stands in
third place) having more approved projects. A third line
of thought is the availability of more and/or efficient
financial systems/channels which support the easy flow
of climate funds. The presence of these types of finan-
cial linkages eases the process of climate finance flows
hence climate project delays are minimized. Table 7
reveals that across all themes, projects that cost less than
$5 million populate the approved funds’ category.
Inequality

The contingency tables (Tables 6 and 7) beam light
on the fault lines as relating to the equitable distribution
of climate finance across SSA. The unequal access or
unfair distribution can be seen glaringly in the case of
Central Africa (CA) which is arguably the most vulner-
able region in SSA but is seriously lagging behind given
the number of approved projects the region has gotten
so far. With the exception of MR, CA has the lowest
number of theme-specific projects. Our findings align
with those of Atteridge et al. [S0] and Saunders [51] who
showed that the most vulnerable countries are the least
to obtain the relief that climate finance offers. This large
disparity can also be noticed at the sector-specific level.
Mitigation general

Gichira et al. [52] stated that as in 2011, almost
56% of all climate finance channelled into SSA were
going into mitigation activities. Our result also reflects
a similar stance. MG takes up about 48.6% of all cli-
mate finance and when MR is accounted for, mitigation
activities in general will account for about 60% of all
climate funds entering SSA.
Adaptation

Sharma and Tomar [53] stressed the fact that temper-
ature rise will continue even if green house gas were to
stop this instant. The reason for this lies in the lifespan
of carbon dioxide (of over 100 years) which is already
in the atmosphere. This has led to calls for ramping
up adaptation activities in a bid to speedily build up
and fortify resilience. Mathur and Roy [54] also argued
that an equal amount of priority, if not more, should
be concentrated on adaptation when compared to miti-
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Annual climate finance flows into SSA Annual climate finance flows into SSA per theme
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Fig. 1 Annual climate finance flows into SSA (a), per theme (b), per sector (¢) and per region (d)

gation projects. From Table 6, the number of adapta-
tion projects is a little less than half of the number of
mitigation projects. This weak performance definitely
places a significant limitation on the adaptive capaci-
ties of Africans who are the most vulnerable to climate
change impacts brought upon them mainly by devel-
oping countries. More worrisome, is the fact that they
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lack the financial, technological and knowledge-based
resources to adequately adapt to climate extremes.
Sectoral wise, AD funds are majorly concentrated in
the energy sector. Atteridge et al. [50] noted that such
concentrations could hinder the broader impacts of
adaptation efforts in varying sectors of the economy
and society. The data clearly reveals that the climate
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Fig.2 The relationships between the number of occurrences and climate finance in each theme (MG (a), AD (b), MR (c¢) and MF (d))

Table 6 The number of projects
per climate themes across SSA
subregions and sectors

finance for AD which actually conveys the essence of
the polluter pays principle only makes up 23.2% of
all climate funds analyzed. Gichira et al. [52] attrib-

uted this problem to the perception and adoption of
adaptation financing as a business opportunity by non-
UNFCCC financial mechanisms and this has served as

Theme vs region

Theme vs sector

WA SA CA EA Agriculture Disaster and Energy, Forestry General Sanitation
preparedness transport and environment and water
industry
MG 131 62 36 86 101 35 3 5 143 28
AD 65 33 15 37 7 0 127 1 14 1
MR 29 7 23 15 O 0 0 74 0 0
MF 59 29 20 37 6 1 7 3 127 1
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Table 7 The number of projects per climate themes across the financial distribution mechanisms and categorized approved funds

Theme vs funding unit

Theme vs approved funds (funds are in millions of dollars)

UNFCCC non-UNFCCC 0,51 (5,101 (10,151 (15,20] (20,25] (25,301 (30,35] (35,40] (40,45] (45,50]
financial financial
mechanisms mechanisms

MG 238 77 202 78 18 6 2 3 4 1 0 1

AD 118 32 104 17 2 3 7 4 9 3 1 0

MR 56 18 43 30 0 0 0 0 0 0 0

MF 108 37 81 44 3 3 6 0 4 0 0 0

a stumbling block to achieving the climate goals set out
in the Paris Agreement.
5. Mitigation REDD

The sole objective for creating the MR theme was for the
reduction of emissions from deforestation and the degrada-
tion of forests [55]. This is fully reflected in the approved
projects under this theme as they all fall under the forestry
sector targeting forest protection projects (Table 6).

6. Water

Water and sanitation infrastructure remains the sec-
tor with the lowest number (4.6%) of projects (Table 6).
The privatization of public finance, as argued by Gichira
et al. [52] is a major reason for this dismal performance.
Despite the water stress experienced in SSA [8, 56, 57]
for instance, the drying up of the lake Chad [58], the
water sector privatization was accepted by developing
countries’ governments given the world bank’s earlier
claims of the private companies’ capability in rehabili-
tating and expanding the facilities relating to water and
sanitation through investments. However, as empha-
sized by Gichira et al. [52], anchoring on the fact that
private companies were mainly driven by profits, the
flow of public funds into private control resulted in the
severe choking of the gains that were supposed to have
accrued within this sector. The lack of protection of
public goods from private interest, particularly in this
case, completely goes against the insurance principle
of utmost good faith which fully lies at the core of the
formation of the United Nations Organization [32]. It is
therefore important at this point to re-sound the note of
warning by the World Economic Forum [59] of water
crises ranking among the top five global risks of highest
concern — a list in which climate risks dominate and
continues to dominate alongside climate inaction [60].

The concerns noted from the contingency tables clearly
show the utmost importance to determine the political and
socioeconomic factors that drive the decision-making pro-
cess of the donors. In addition, Gichira et al. [52] pointed
out developing countries’ incapacity to engage effectively
with the dominant agencies and players who control climate

@ Springer

finance given the complicated processes that are consciously
modeled into the procedure of accessing the funds. This
same reasoning applies at the regional level. There may be
a conscious effort to stifle some regions for instance CA
from easily assessing climate finance. If this trajectory is
allowed to continue, the goals for the Paris Agreement will
not be attained.

4.3.2 Risk Management Strategies

The three risk assessment categories — loss controlling, risk
trading and risk steering — will be tapped into to aid in prof-
fering durable risk management options. Table 6 suggests
that the risk appetite for MG funded projects by multilateral
donors is much higher when compared to other themes. As
a consequence, MG is driving most of the distributed cli-
mate funds in SSA. We can thus deduce that the limit on
the cost of projects in this theme experiences higher thresh-
olds which leads to more MG projects being proposed by
SSA across each subregion (Table 6). This type of situation,
however, exacerbates the risk of unequal climate finance
distribution. To control this risk, UNFCCC should restrict
the exposure of climate-related projects to high levels of
imbalance which are primarily induced by the distribution
of funds across the various risk types in SSA.

Furthermore, climate risk is the risk that each country
aims to minimize or control. Undoubtedly, this is the risk
they desire to “trade” in exchange for climate-related projects
that enhance sustainable development. Table 6 indicates that
agricultural and general environment sector-specific projects
consume about 77.5% of all MG funded projects while AD
finance focuses on the energy sector. We should note that
this is quite the reverse when global climate finance flows
are considered. The findings of Atteridge et al. [50] indicated
that 66% of all mitigation funds (globally) are in the energy
and transport sectors and that AD funds are concentrated in
the agricultural sector, although their period of focus differs
(2013-2017) in relation to this paper (2003-2020).

The unique trajectory in SSA may lie in the fact that
agriculture makes up to 16% of SSA’s GDP and employs
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over 60% of its citizens [61]. Nevertheless, there is need
to adopt some lessons from the principle of diversification
which stimulates risk steering. Climate finance should be
steered away from highly concentrated zones to areas that
are hardly visible. For instance, only 36 projects have been
apportioned to disaster and preparedness. This is too poor
given that Africans, particularly the most vulnerable ones,
are usually not prepared when extreme events occur. This is
due to the presence of the climate’s change interaction with
multiple stress points on the continent such as poverty, low
capacity to adapt and very limited diversification options
as a result of the heavy dependence on rain-fed agriculture
[18]. As a consequence, we note that the level of recovery
many years after the occurrence of a climatic extreme event
is still very low [62].

Moreover, climatic attacks are happening at a much
higher frequency than before in which more recent years
are experiencing increased record-breaking climate extremes
[63]. Projects designed for say agriculture and general
environment sectors are mostly going to minimize climate
induced losses in the medium to long term but in the short
term adequate preparation for disasters like droughts and
floods can save Africans and African governments a lot of
distress as well as finance. Kreienkamp and Vanhala [64]
did buttress the issue of mitigation and adaptation efforts
being insufficient as preventive measures against climate
change burdens. In a similar vein, water and sanitation pro-
jects need to be beefed up as they correspond to currently
only 30 projects so far. In the event of a climate emergency,
the lack of food and clean water has been pointed out as the
major factors that drive up the number of deaths in Africa.
This cause has been attributed to the fact that not only is
the earth’s water cycle the worst hit under the “hammer”
of climate change but even worse is the fact that over 50%
of Africa’s population live in regions that suffer from abso-
lute water scarcity [18]. Prioritizing water and sanitation
projects under the climate finance system will bring about
easier access to safe drinking water. This will not only aid
in preventing deaths, but such prioritization will also go a
long way in bridging the gender gap because women and
girls particularly in rural Africa are much more vulnerable
to water insecurity, exposing them more to violence, dis-
ease and female disempowerment [65, 66]. In fact, water and
sanitation crises are already tending towards acute levels as
about 46 million Nigerians still do not have access to clean
water [67] and SSA accounts for up to 40% of all those who
lack water globally [68].

Confirming that women are among the hardest hit,
Botreau and Cohen [62] revealed that the devastating impact
of the 2007-2008 and the 2010-2011 food price crises was
still adversely affecting farmers in Africa, most especially
women workers, ten years on. This implies that the adverse

effects of the losses are increasing in a non-linear fashion
with respect to the size of the losses experienced during
the crisis period given the exceedance of a target climate
threshold which further forces the climate event to operate
within what we term the “climate change excess region.”
This realization calls for a risk-adjusted reassessment of the
distribution of climate finance. A more appropriate weight
needs to be attributed to those sectors that lessen the adverse
impact of these extreme events such as the degree of prepar-
edness and the availability of clean water after catastrophic
climate damages.

On a general note, the likelihood of a climate finance
crisis occurring within Africa does not seem too far-fetched
given some peculiar attributes surrounding the climate
finance system. First of all, many climate-oriented Afri-
can stakeholders do not understand the overly complex
nature of the system in terms of assessing the funds and
tracking their flow, hence there is a conspicuous absence
of reports on the risks inherent as relating to the continent.
This promotes poor climate finance risk communication.
Secondly, owing to the first reason, there are little to no
checks on these risks as they propagate through the net-
work structure of climate finance across SSA. For instance,
Chukwudum [69] observed that the network structure of cli-
mate finance in SSA suggests that the central funding units
were the only climate funding sources flowing to the more
isolated regions and the countries at the outermost parts of
the isolated regions were mostly west African countries.
In essence, the effectiveness of the climate flow is being
adversely impacted by the risks that are emerging from dif-
ferent target sections, creating difficulty in identifying such
risks. If left unchecked, these risks could accumulate and
lead to a full blown climate financing crisis. Thirdly, the
patterns that have been observed in the data do not suggest
that the allocation of funds and projects are carried out in
an objective manner across the themes, regions, and sectors.
We must emphasize that a subjective distributive approach
is not sustainable. Fourthly, African governments are still
largely geared towards the provision of climate relief aid
after the occurrence of a catastrophe. This poor decision-
making structure which is rooted in a reactive approach can-
not stabilize the rising climate issues induced by a defective
climate financing system. Leading African climate players

Table 8 Mean, variance and dispersion coefficient using aSSAt data

Mean Variance Dispersion
MG 3.104 10.563 3.403
AD 6.708 19.871 2.962
MR 1.604 5.223 3.256
MF 3.000 3.789 1.262
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must factor in this intending risk in order to better prepare
other innovative viable options.

The following sections seek to identify specific models
that can be used to model the frequencies and severities of
climate finance in SSA.

4.4 Frequency Modelling
Section 4.4.1 is aimed at comparing simulated and analytical

solutions. Section 4.4.2 zooms in to assess the covariates in a
bid to determine which of the variables are the main drivers

Density function of dispersion coefficient for Mitigation General climate finance
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while approving climate projects in SSA. These insights will
be beneficial to policymakers who would need to evaluate
the expected outcomes/number of projects while taking into
account the determinant factors.

4.4.1 Fitting Frequency Distributions
Computing analytically the mean, variance and dispersion
coefficient of the number of each thematic project per the

number (n = 48) of the SSA countries using the aSSAt data
grouping gives the results displayed in Table 8.
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@ Springer



Modelling Climate Finance Flows in Sub-Saharan Africa

989

Bootstrap Using the bootstrap simulation of 1000 draws, 48
Poisson variables were drawn from the estimated mean of
each theme and then the dispersion coefficient was recalcu-
lated and its density function plotted (Fig. 1). The estimated
dispersion coefficients are MG = 1.000092, AD = 1.001137,
MR = 0.9968884 and MF = 1.001712 (Fig. 3).

The bootstrapped results differ from the analytical solu-
tion. The results suggest that the data are Poisson distributed
because D being approximately 1 corresponds to the data
being independent and identically distributed as Poisson. A
strong deviation of D away from 1 suggests that the underly-
ing claim intensities are unequal or that the distribution is
not independent and identically Poisson which is what the
analytical solution is supporting.

Given these contrasting results, the negative binomial
model is employed where we consider a random A for each
country. Now A = &G, where G ~ Gamma(a) and & = mean.
The estimates & and a of the updated model are then com-
puted (Table 9).

The parameters are then used in the Poisson and nega-
tive binomial distributions to compute the expected number
of countries with k specific-themed projects (k = 0 to 19 for
MG; 0 to 17 for adaptation; 0 to 10 for MR and O to 9 for MF).
The generated sequence of expected projects is compared to
the observed values in Table 10 (for MF).

Based on the density plots (Fig. 4), the Poisson and nega-
tive binomial distributions perform fairly well with the excep-
tion of the case of adaptation projects. Poisson model is not a
good fit for MR. When the empirical densities are plotted with
respect to the apctc grouping, we obtain Fig. 5.

Comparing Figs. 4 and 5 individually (Fig. 6), we observe
that only the densities for adaptation (plots ¢ and d) and mul-
tiple foci (plots g and h) differ quite significantly when the
aggregation of the number of theme-based projects changes
from per country in Table 2 (apctc) to per the number of SSA
countries in Table 3 (aSSAt).

4.4.2 Regression Modelling for Frequency

The aim of this section is to find out which variables sig-
nificantly affect the number of climate projects approved
in SSA. The tppc data in Table 4 is analyzed. Here, the dis-
bursed proportion variable is used to represent the exposure

Table 9 Parameter estimates ¢ «

when 4 is not constant
MG 3.1042 1.29184
AD 6.7083 3.41895
MR 1.6042 0.71114
MF 3.0000 11.43293

which serves as the offset in the regression. The regression
models used are the log-Poisson, the negative-binomial,
zero-inflated and hurdle models as outlined in Section 3.
Table 11 provides the estimates (with standard deviations
in parentheses and p-values of only significant variables in
italics) of the chosen models.

The models generally pinpoint theme MF and regions CA
and EA as the variables that negatively drive the number of
approved climate projects (Table 11). The significance is
reflected across board (that is, all tested models). We note that
the first category of each set of explanatory variables has been
set to zero and used as the baseline references. Considering
only the log-Poisson model for simplicity, we can compute the
annual project intensity per theme as follows:

Project intensity for theme 1 (AD) = el"ereept = 2923 —
18.603,

theme 2 = ¢™ereePt 5 MG = 18.603 * ¢~36* = 10.58.
Similarly, for theme 3 (MR) and theme 4 (MF), we obtain
12 and 9.13, respectively.

Comparing these results which are from the tppc sub-data set
(Table 4) with the direct computations of the average annual
number of projects from the cpssp data grouping (Table 1)
having: theme 1 (AD) = 22.429, theme 2 (MG) = 254, theme
3 (MR) = 5.286 and theme 4 (MF) = 9.063 indicates that
theme 2’s estimate is the furthest.

4.5 Severity Modelling
4.5.1 Fitting Severity Distributions

Figure 7 depicts the cost estimates of projects based on the
apctc grouping (Table 2). A common underlying characteristic
is the presence of heavy tails. The nonparametric (empiri-
cal) density of the cost of each climate project based on the
sector-specific grouping, that is cpssp (Table 1), gives rise to
Fig. 8. In order to model this cost distribution function, five

Table 10 Observed vs expected number of projects (MF)

i Observed E(negbin) E(Poisson)
0 3 33 24
1 7 7.9 7.2
2 13 10.3 10.8
3 9 9.6 10.8
4 5 7.2 8.1
5 7 4.6 4.8
6 1 2.6 2.4
7 2 14 1.0
8 0 0.6 0.4
9 1 0.3 0.1
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parametric models were applied — the lognormal, Weibull,
exponential, gamma and the Burr mixture distributions.

The first four distributions fell short as their Kolmogorov-
Smirnov p-values were all less than 0.05. Only the Burr mix-
ture emerged as the best fitting model, hence we concentrate
on this distribution.
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predictions. A mixture of two Burr distributions is more suited
for the data set and the findings reveal that it gives the best fit
(Table 12, Fig. 9a. Only the probability plots are provided).

Based on the structure of the data in Section 2.1, the
Burr mixture is estimated for each indicator under the fund,
theme, region and sector as displayed in Table 12.

4.5.2 Regression Modelling for Severity

The aim of this section is to find out which variables are
significant in determining the approval of climate funds for
climate-related projects across SSA. The cpssp data (Table 1)
is employed here. The time variable is used to represent the
exposure which serves as the offset in the regression models.
Table 13 provides the estimates (with standard deviations
in parentheses and p-values of only significant variables in
italics) of the chosen models.

Across all models, under fund type, non-UNFCCC nega-
tively impacts the severity of climate finance significantly
(Table 13). With respect to the positive significant variables
that affect climate finance severity, MG, EA and general envi-
ronment protection (GEP) are the leading indicators under
theme, region and sector-specific projects, respectively. The
first category of each set of explanatory variables has been
set to zero and used as baseline references. The lognormal
regression model further suggests that the region SA is also a
significant variable. However, this result was not corroborated
by the gamma and quasi-gamma regression models.

4.5.3 Policy Implications

The level of climate finance disbursement is extremely
worrisome (Table 4). Africans must therefore, instead of

Fig.5 Number of projects per
theme per country

waiting, rise up to their own responsibilities by account-
ing sufficiently for the factors driving climate change risk
when making decisions at the local, national and regional
levels. Three key points that have been highlighted by
Rothwell [70], which we have adapted to suit the present
narrative, include:

1. Enforcing policies that focus on protecting the climate.
The rigorous promotion of scientific integrity as relating
to climate change in Africa.

3. Celebrating those who support climate protection. To
add to this third point, African governments can also
take advantage of the fast growing entertainment indus-
try on the continent to drive the climate agenda and to
spread the “gospel” of sustainable development.

4.6 Political Economy of Climate Finance

Within this context, Gichira et al. [52] and Stewart et al.
[71] gave compelling assertions of how economic interests
controlled by the political machinery of developed countries
tend to strangulate the climate finance benefits for develop-
ing countries. For one, profit-induced private sector-driven
climate financing is more likely to accumulate more debt
for developing countries. Nevertheless, the domestic policy
factors of developed countries are constructed to support this
routeway thereby making the long term benefits of global
agreements such as the Paris Agreement untenable. SSA
countries, on their part, need to become more responsible
by concretely developing their national and regional cli-
mate finance readiness through the use of economic and
regulatory policy instruments. Briner et al. [72] laid strong
emphasis on the need for the presence of solid national
institutions, as required by the multilateral international
financiers, which can effectively handle the complexities
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Table 11 Regression parameter estimates for frequency based on different regression models with themes and regions as covariates

Variables  Variable- Regression estimates
specific
log-Poisson neg bin zero-inflated Hurdle
With constant ~ With theme as ~ With region as  With constant ~ With theme as  With region as a
prob a function of a function of prob a function of function of the
the prob the prob the prob prob
Intercept 2.923(0.073)  4.371(0.231)  2.923(0.073)  2.923(0.073)  2.923 (0.073) —6.06 (136.40) —6.06 (136.40) —-6.06 (136.40)
Theme AD 0 0 0 0 0 0 0 0
MG —-0.564 (0.098) -0.336(0.274) -0.564 (0.098) —-0.564 (0.098) -0.564 (0.098) —0.396 (0.687) -0.396 (0.687) —0.396 (0.687)
7.65¢ —09 7.65¢ —09 7.65¢ —09 7.65¢ —09
MR -0.415(0.131) -0.2113(0.339) —0.415 (0.131) -0.415(0.131) -0.415(0.131) -1.687(0.779) -1.687 (0.779) -1.687 (0.779)
0.0016 0.0016 0.0016 0.0016
MF —-0.711 (0.104) -0.988 (0.274) -0.711(0.104) -0.711(0.104) -0.711(0.104) -1.693 (0.578) —1.693 (0.578) —1.693 (0.578)
7.85¢ 12 0.000314 7.85¢ 12 7.85¢-12 7.85¢ -12 0.00340 0.00340 0.00340
Region WA 0 0 0 0 0 0 0 0
SA 0.109 (0.106) —0.329 (0.315)  0.109 (0.106)  0.109 (0.106)  0.109 (0.106) -0.617 (0.729) -0.617 (0.729) -0.617 (0.729)
CA -0.728 (0.122) -1.673(0.301) -0.728 (0.122) -0.728 (0.122) -0.728 (0.122) -2.345(0.651) —2.345(0.651) -2.345(0.651)
2.11e -09 2.74e 08 2.11e -09 2.11e -09 2.11e -09 0.00032 0.00032 0.00032
EA -0.639 (0.096) -1.481(0.263) -0.639 (0.096) —-0.639 (0.096) —0.639 (0.096) -1.871(0.584) —1.871(0.584) -1.871(0.584)
2.60e —11 2.60e 11 2.60e 11 2.60e —11 2.60e 11 0.00135 0.00135 0.00135

that characterize the processes and environmental standards
embedded in accessing climate funds. This is cognizant of
the fact that multilateral funding entities are the ones that
undertake the development of the project pipeline coupled
with managing and facilitating climate finance. Thus, their
demand for capable disbursing and implementing institu-
tions is fundamental.

Robust national strategies by design insist on the rel-
evant expertise, qualified staff, experience and intelligent
internal controls [73]. If African countries cannot clearly
show that their institutions (both political and economic
including social) can efficiently handle the significant
inflow of climate finance and the subsequent climate-
related project investments, leveraging additional funds
will not be possible. Even worse, they will be further extri-
cated from the decision-making process at the interna-
tional level as relating to policy formulation and financial
mobilization given that currently, as asserted by Gichira
et al. [52] and Markkanen and Anger-Kraavi [74], devel-
oping countries’ governments are less engaged in climate
finance, or more generally, climate-related negotiations at
the global meetings. This highly constricts their influence.

A step in the right direction therefore entails that
comprehensive reliable records, on how climate finance
flows are being utilized, should be made public for the
sake of transparency and for the purpose of further

qualitative and quantitative analysis. This cannot be
accomplished without proper monitoring and evalua-
tion systems. Also, providing an enabling environment
that is devoid of political and economical upheavals is
critical for securing investments that are financed by
climate funds. Climate change is everybody’s business
plus. The vulnerable communities at the local levels of
African countries bear most of the brunt of its adverse
effects, hence African governments owe transparency
and accountability to their citizens as well as to the
global community.

Additionally, African governments must take into
account the very sluggish pace in which climate finance
is being disbursed across the region. With this sort of
momentum, Africans cannot make giant strides in the fight
against climate change. Structured mechanisms for climate
finance should be developed at local levels such as annual
allocations from the state or local government budgets.
This is a serious challenge which demands a strong politi-
cal will. Caravani et al. [75] was quick to point this out,
that while this local funding mechanisms may exist in
African countries, funding is hardly available and most of
them are still dependent on international donors. However,
Kenya has been praised for providing budgetary alloca-
tions to their County Climate Change Funds which is a
sub-national climate finance unit.

@ Springer



994 Q. C. Chukwudum, S. Nadarajah
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Fig.9 Probability plots of fitted Burr mixture for the whole data (a); when funding indicator is 0 (b) when region indicator is 1 (c); when theme
indicator is 1 (d) and when sector indicator is O (e)

Table 12 Estimated parameters of the Burr mixture model following the indicators for fund, theme, region and sector

a b 0 c d [0) a KS statistic (p-value) LLH
Full data 0.976 1.807 5.040 3.726  0.980 0.950 0.739  0.047 (0.093) -1813.751
Funding indicator 0 0.782 1914 4.358 5325 1.244 1.071 0.762  0.044 (0.259) —1448.200
Funding indicator 1 9011746.000 1.101 10131380.000 379254.600 1.670 103.245 8.1797 0.081 (0.239) —338.565
Region indicator 1 15.731 0.962 57.375 0.091 19.861 20.702 0.912  0.0426 (0.683) -765.599
Region indicator 2 670.578 1.700 14.458 0414 3.750 4.3946 0.228  0.0799 (0.377) -370.237
Region indicator 3 9408.971 2.122 498.849  67483.230 1.001 13719.030 0.778  0.0596 (0.892) -212.987
Region indicator 4 The distribution did not give a good fit for this region.
Theme indicator 1 0.203 6.299 0.0204 1.155  1.717 4731 0.173 0.0512 (0.385) —753.5198
Theme indicators 2, 3,4 The distribution did not give a good fit for these themes.
Sector specific 0 12899.550 3.876 0.493 916.303  0.8598 16038.550 0.137  0.075 (0.542) -267.691
Sector specific 1,2,3 The distribution did not give a good fit for these sectors.
Sector specific 4 0.822 2.172 5.188 4.131 0.856 1.569 0.764  0.043 (0.666) —797.3298
Sector specific 5 The distribution did not give a good fit for this sector.
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Table 13 Regression parameter
estimates for severity following
the indicators for fund, theme,

Variables

Variable-specific

Regression estimates

lognormal

gamma

quasi-gamma

region and sector
Intercept

Fund type

Theme

Region

Sector

UNFCCC
Non-UNFCCC

AD
MG

MR
MF
WA
SA

CA
EA

Agriculture
Dp

Energy
Forestry
GEP

WS

1.153 (0.113)
0
~0.382 (0.117)
~0.00118
0
0.849 (0.222)
0.000148
0.471 (0.385)
0.077 (0.118)
0
0.458 (0.116)
0.000095
0.137 (0.131)
0.424 (0.123)
0.00061
0
~0.176 (0.20)
~0.084 (0.24)
~0.153 (0.374)
0.358 (0.131)
0.006
0.195 (0.219)

1.700 (0.142)
0

-0.617 (0.148)
0.000351
0
1.095 (0.281)
0.00011
0.620 (0.486)
0.008 (0.149)
0
0.229 (0.147)

—0.083 (0.165)
0.573 (0.156)
0.0026
0

—0.323 (0.25)
0.087 (0.305)

—0.592 (0.473)
0.375 (0.165)
0.0236
0.037 (0.277)

1.700 (0.142)
0

-0.617 (0.148)
0.000351
0
1.095 (0.281)
0.00011
0.620 (0.486)
0.008 (0.149)
0
0.229 (0.147)

-0.083 (0.165)
0.573 (0.156)
0.0026
0

-0.323 (0.25)
0.087 (0.305)

-0.592 (0.473)
0.375 (0.165)
0.0236
0.037 (0.277)

5 Conclusions

This paper zoomed into several pathways through which
climate finance flows from multilateral donors into SSA
and then set out to model both the frequency and severity
of the flows’ tracks. Four distinct groupings were extracted
from the main data set with the aim of stimulating a series
of insights with respect to the structure of the risks sur-
rounding the climate finance flow system. The results
obtained highlighted the fundamental issues relating to
the equitable distribution of the climate funds across the
subregions of SSA as well as the accumulation of risks. Of
note was the disproportionate distribution of funds mostly
across sector-specific climate-related projects which, as
emphasized in the paper, tends to aggravate the existing
inequalities in the region. Various mathematical distribu-
tions were fitted to the sector-specific project approved
costs with the Burr mixture model giving the best fit.
Regression analysis for severity identified general envi-
ronment protection as the sector projects driving the flow
of climate finance. Finally, we argued that the sluggish
pace at which mitigation and adaptation projects are being
undertaken portends more crushing claims burden for the
continent’s insurance sector and in particular for African
governments who are seen as sovereign risk bearers. This

@ Springer

will become evident as more Africans become aware of
the dire need for insurance and risk transfer opportunities
in general, in the face of climate extremes.

Given that the slow disbursement of climate funds from
international donors directly impedes the actualization of
the Paris Agreement, we see that an understanding of the
lagging effect is paramount. Additionally, developing a
risk-adjusted model to appropriately determine the alloca-
tion of the frequency and severity of projects that should
be undertaken in each sector is critical. These investiga-
tions can be accomplished in future studies.
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