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ABSTRACT

The analysis and characterization of climate variability over a long five-year period proved fundamental to
understanding the impacts of climate change and the vulnerability of ecosystem services in the South Kivu province
in the Democratic Republic of Congo. Collection methods from surveys and literature reviews allowed us to conduct
qualitative and quantitative analyses of climate change impacts and adaptation approaches based on ecosystem
services. For data collection, we used surveys and inventories. The data were statistically analyzed, mainly with
regression methods and arithmetic averages. The results of agro-pastoral, fisheries and water production highlight
the strong influence of climate change through the decrease in products essential for local consumption. These
results are confirmed by statistical analysis almost everywhere R? < 0.5 and p-value > 0.05 (except for vegetable
production « p-value < 0.05», Cereal: R?= 0.54 and Legume: R?= 0.74). The same results show us that the non-
regulation of river regimes and the decrease in water production by the appropriate service as a result of
precipitation and temperature variability data have led to unprecedented disruption due to negative effects on the
ecosystem services analyzed. The proposals of the ecosystem-based adaptation approaches as a solution and are
important indicators that have assessed climate risks of ecosystem services combined with the poverty impacts of
the population and its environment highly vulnerable to climate change.

1. INTRODUCTION

Climate change is a major global challenge, which is increasingly strong on the international scene. Scientific
studies clearly show that the changes at work since the beginning of the industrial period are disproportionate to
the natural variability of the climate [1], [2]. Since the United Nations Conference on Environment and Sustainable
Development, known as the Rio Earth Summit in 1992 and the other various conventions on climate change (Kyoto
Protocol in 1997, Paris Protocol 2015, Madrid Protocol 2019), decision-makers around the world have been made
aware of the dangers of climate change worldwide. Unfortunately, this multilateral process of managing the climate
problem still causes as much disillusionment as it only creates expectations [3], [4], [5], [6].

In Africa, climate and ecosystems impact each other and this has been recognized in various ecozones. This issue
has now become a hot topic in forest and wetland environments [7]. Climate change, forests and wetlands are
functionally and structurally linked [7], [8], [9], [10].

In the Democratic Republic of Congo (DRC), the climate is marked by moderate interannual variability based on
phytogeography systems and chorological. However, it does not escape decadal changes or long-term trends that
show effects of climate change. These increases in temperature and rainfall variability also impact the forest lung of
six endemic centers and its 17 major plant formations in DRC [11], [12] and are important sources of livelihoods and
ecosystem services. But according to USAID [13], they are also threatened by high population and land use,
increasing demand for domestic energy and exploitation of non-timber forest products.

The mountainous Kivu region and its surroundings have not been spared the issue of climate variability and
change, which are in the news [14]. A few years ago, these events were placed at the center of scientific concerns and
provincial and local political decisions because of their immediate impact on nature and its ecosystem services,
which are observed on the ground by city dwellers and peasant farmers [13], [15], [16], [17].

For the region under study, the trend observed today shows the decrease in agro pastoral products [14], the
water level in Lake Kivu, the supply of water by the company of water supply (REGIDESO) and on fish products have
been observed for the last 5 years by this study. This climate fluctuation makes it one of the most serious threats to
the achievement of sustainable development goals in this mountainous Kivu region in particular and in the country
in general [18].

According to Kabonyi [19] and Mugaruka, et al. [20] these consequences are unprecedented in their intensity,
often disproportionately affecting the poorest and most vulnerable populations. These generate visible and
undesirable climatic side-effects such as: reduction in agro-pastoral production, floods, soil erosion, landslides and
fires in the city of Bukavu and other areas in the region. For example, several previous studies have shown that sub-
Saharan Africa, a bastion of plant diversity for maintaining ecological stability, has shown rainfall deficits in recent
decades in terms of rainfall and river and lake water flows [19], [21].
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It is in this context that the present study on " climate risks assessment, opportunities related to the evolution of
ecosystems and limitation of the provision of ecosystem services: landscape case of south-kivu " was initiated to assess
the effect of climate variability on the provisioning ecosystem services (direct use) in this densely populated and
growing region.

Some authors [19], [20], [22] demonstrate that the vulnerability and adaptability of local communities in South
Kivu to problems of water and other ecosystem services are topical issues and a common challenge. This implies an
appreciation of the changes recorded in recent years and this is the reason for this study [23]. In response to these
adverse actions, the province of South Kivu will have to prepare their urban and rural communities for future
challenges related to climate change through easy communication tools [24].

Human well-being in South Kivu in general and its surroundings in particular must depend on the sustainable
use of ecosystem services. Currently, unsustainable human activities in South Kivu are becoming threats to
terrestrial and aquatic ecosystems, making them fragile, and their distribution is now being invaded by fallow crops
and areas reforested with exotic species such as Eucalyptus, which is not conducive to soil conservation [19].

However, this tenderness makes ecosystems unproductive because of human influence with consequences on
the scale of local economies [23], [25].

Therefore, the objective of this study is to compare the performance of the provision of ecosystem services such
as (water, agro-pastoral products and fisheries) over the last five years affected by ecosystem change due to rainfall
and temperature variations that will guide national, provincial and local policy makers to resist and adapt to the
impacts of climate change and other stresses such as the degradation of cropland and conservation areas.

With regard to this objective, two questions are asked: are the effects of climate change in South Kivu being felt
and understood by the population? And to what degree as among specialists in the field? The problem of climate
change is a global reality as outlined above, the effects of which can be observed at all levels of life and presents risks
for the various ecosystem services and the economic circuit [5]. This study will help us to prove this scientifically.

The results of this study will also enable us to inform political decision-makers on the strategic orientations of
preventive measures put in place and focused against driving forces, responses envisaged for the mitigation of
pressures on ecosystems and landscapes, restoration responses adapted to landscapes to limit the state of their
degradation and maintain their capacity to provide ecosystem services and prevent adaptation measures in the face
of induced impacts.

2. MATERIAL AND METHOD

2.1. STUDY AREA

Located in the east of the DRC, it occupies about 3% of the country's surface area, or 65,070 km?, and has a
population of about seven million [25], [26]. Livestock, agriculture and trade are the three main activities of this
population. It is bordered to the east by Rwanda, the Republic of Burundi and Tanzania; to the north by the province
of North Kivu (DRC), to the west by the province of Maniema and to the south by the provinces of Maniema and
Tanganyika (DRC). This province is divided into four cities (Bukavu "provincial capital”, Baraka, Uvira and Kamituga)
and eight territories (Figure 1).
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Figure 1: Administrative map of the province of South Kivu (Source, [28]).

Its relief includes mountains of the western Mitumba Ranges, of which the most important mountains are the
peaks of Kahuzi (3. 340 m altitude), Biega (2.700 m altitude; [26]). In the territory of Shabunda and Mwenga begins
the Central Basin. To the east, there is a vast plain, the Ruzizi Plain in the territory of Walungu and Uvira, and the
highlands suitable for cattle breeding (itombwe tray, [26]).

The climate alternates between nine months of rain and three months of dry season. It is a humid tropical
climate. But in general, there are two types of climate: an equatorial climate with rains throughout the year in one
part of the province and a tropical climate with a rainy season and a dry season in another part [27]. Average annual
temperatures vary between 11°C and 25°C [28]. Vegetation is composed of low and high-altitude forests, grassy
savannas, wooded bamboos and dense forests.

From a hydrographic point of view, South Kivu has two lakes (Lake Kivu and Tanganyika) and large rivers, Elila,
Ruzizi and Ulindi, and many of the rivers in almost all the territories. There is a deposit of dissolved methane gas in
the deep waters of Lake Kivu; it is estimated at 45 billion cubic meters [29]. There are four hydroelectric power
stations: Ruzizi I & II, Kyimbi (Bendera) and Mungombe. There is an abandoned micro-power plant, the Magembe
plant at Fizi [29].

There are large oil deposits in the rocks west of Lake Kivu and others at the bottom of the lake. There are also
oil deposits in the Ruzizi Plain and Lake Tanganyika. Explorations are being carried out in Katanga, at the mouth of
the Mutambala River in the town of Baraka. Other research is being carried out in Karamba at the mouth of the
Nemba River, 25 km from the town of Baraka in the territory of Fizi, where bitumen, of a hydrocarbon waste product
with a carbon concentration of 80%, has already been collected. Peat is also exploited in South Kivu in Kakonda,
Kabare territory, and in Nyangezi, Chiherano and Kachandja, Walungu territory.

The province of South Kivu has several tourist sites. The most important are: Thermal waters of Lubugaa,
Kavimvira, Katogota, Masuza in Runingu, salt works, sea salt etc. [28], [29].

2.2. METHODOLOGY

For this study, we used empirical methods by which surveys and inventories carried out in the field have the

most cost-effective scientific relationship [29]. For this paper we proceeded as follows:
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e systematic documentary collection prior to the field survey through qualitative observations (also
called indirect observation), questionnaires, sociograms, etc. [30]).

e collection of field data as a reference collection through a literature review using available data [30] in
the technical services of the South Kivu provincial government in relation to the ecosystem service
sector for a period of five years (5 years);

e carrying out qualitative and quantitative analyses of the data collected from these technical services;
which are indicators [30], [31] of the impact of climate change and of adaptation approaches based on
ecosystem services.

e interpretation of field data in relation to the selected set of documentary data as proposed by [31] and
by taking into account the social sources of information production.

e It should be pointed out in passing that these different phases are within the two main stages to which
our approach obeyed, i.e. the pre-survey and the survey following certain theories structured around
the Driving Forces-Pressure-State-Impact-Response framework, providing an introduction to the
concepts, methodologies and techniques relevant to the change that can be observed in an ecosystem
[32].

2.3. DATA ANALYZE

For the analyses, the data were processed by statistical methods, mainly regression (R?), hypothesis testing (p-
value) and indexes of arithmetic means using PAST software [33].

The regression (R?) is the value between 0 and 1, it is significant if R >0.5 and is rejected if R < 0.5 [34], but for
p-value called the significance level of the test, traditionally 5 % or 1 % and denoted as a. If the p-value is less than
the chosen significance level (@), that suggests that the observed data is inconsistent with the null hypothesis and
that the null hypothesis may be rejected. For typical analysis, using the standard a = 0.05 cutoff, the null hypothesis
is rejected when P< 0.05 and not rejected when P > 0.05. The p-value does not, in itself, support reasoning about the
probabilities of hypotheses but is only a tool for deciding whether to reject the null hypothesis [34].

The arithmetic mean (X ): or empirical mean of a statistical series is the ordinary mean [34], i.e. the ratio of
the sum n of observations (x1+x2+....x n) of a discrete quantitative statistical character by the number of
distributions (n) as found in the formula [33].

— X+ X2+ X3 Xn 1N
e Rt R R N (1)

" "i=1

When the data are ordered as a frequency distribution [33], the mathematical formula to be applied is as shown
below (2):

p
.sz'-f
x=2 2
» (2)
> fi
i-1

3. RESULTS AND DISCUSSIONS

3.1. SURVEY RESULTS AND INTERPRETATIONS
The validity and veracity of the data collected for this study began with a pre-investigation, a control of the
information, counter-checking and confrontation of the field teams with agricultural producers, breeders, fishermen

and with the water distribution company (REGIDESO).
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3.1.1. AGRICULTURAL PRODUCTION

The five-year (2013-2017) agricultural productivity results from the South Kivu Provincial Inspection of
Agriculture, Fisheries and Livestock [35] can be found in Graphs (I...1V), in following the page.

3.1.1.1. TUBER PRODUCTION

Our surveys show that cassava (Manihot esculata) production has been the most important crop over the last
five years compared to other tubers. According to our interviews with some producers, they testified that this
production is justified by the involvement of the technical and financial partners who support the provincial
government of South Kivu in combating food insecurity with the improved cuttings and other diseases such as
mosaic which are signs of the effects of climate change in the region (Graph I).

Some partner institutions in the provincial government were cited by our respondents, mainly IITA, INERA
Mulungu and FAO. This trend is also linked to the eating habits of the inhabitants of the province where cassava is
the main staple [36]. Our surveys found that cassava production is followed by colocase (Colocasia esculenta) and
potato (Solanum tuberosum). This finding was raised by Ganza et al. [37] who show that its tuber yields adapt easily
to tropical and mountain climates. Unfortunately, following the climatic effects crossing the region, sweet potato
(Ipomoea batatas), yam (Dioscoria sp) have been largely affected by the effects of natural risk, misuse of land use,
various plant pest diseases and changing landscapes in South Kivu ([38]). This result is confirmed by statistical tests,
the probability being above the threshold of the null hypothesis and the regression being less than 0.5 (P-value >
0.05 and R? = 0.2414).

The same threats are observed by Hire et al [39]. According to these authors, a large part of sub-Saharan Africa
would be alerted by climate effects in recent years following the increased number of extreme weather events such
as waves, increased heat, water submersion, soil droughts, etc., which affect tuber agricultural production in many
African regions and even the globe. These events cause drought, shortened vegetation cycle, migration of pests and
diseases, fires.

Tubes
g 16000 y =-1191x + 9522,4
g 14000 R2=0,2414
S 12000 T
‘= 10000 P >0,05
}g 8000
2 6000
3 4000 l
@ 2000
o — mn . _1
g . Patate . Pomme de
x Manioc bananier Igname colocase
douce terre
m 2013 1402 578 77 563 340 0
2014 1385 590 77.1 38 340 0
2015 794 590 771 530 340 0
2016 14212 3825 1290 3153 4616 5028
m 2017 14305 2054 1624 2243 5065 4561

Graph I: Tuber production in South Kivu province during five years of study.
3.1.1.2. CEREAL PRODUCTION

It is considered that the cultivation of cereals has allowed the rise of great civilizations [40]. It was one of the
first agricultural activities in the world and in our region, especially in the Ruzizi plain in the territories of Walungu
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and Uvira. In fact, while providing regular and abundant food to the population, cereals allowed the organization of
denser and more complex societies [40]. For the region of our study, the results are shown in Graph II

Based on Graph II of the five-year data (2013-2017) such as corn (Zea mays) and rice (Oryza sativa) compared
to other years. This situation is linked to the involvement of the population who make an effort in the irrigated
perimeters in South Kivu in some marshlands as an off-season crop. For this reason, the statistical test analyses are
above the threshold (P-value < 0.05; R? = 0.54).

Reason why the wise management of wetlands in South Kivu would make an important contribution to limiting
the effects of climate change. Over the last three years (2013-2015), cereal supply has been largely affected by the
effects of climate and this has increased the malnutrition rate, which reached 53% among children under 5 years of
age and pregnant women in the study area in 2016 [41]. The current security situation in the highlands and middle
plateaus of the Fizi-Uvira territories and Kalehe would also have influenced the yield of certain cereals such as maize
(Zea mays) which is the most cultivated in these areas and currently affected by armed conflicts and repeated looting,
population displacement and house fires [14].

However, this practice of irrigated cultivation was almost non-existent in several wetlands in the South Kivu
region that are considered sacred areas by some tribes in the province. From a scientific point of view, recent studies
show that these areas are mostly composed of peatlands which play an important role in carbon sequestration [42]
in DRC and Central Africa [43].

Based on Graph II of the five-year data (2013-2017) from the office in charge of cereals of the South Kivu
Provincial Inspectorate of Agriculture, Fisheries and Livestock in its 2018 [35], our investigations revealed a strong
increase in the production of cereals during the last two years (2016-2018). Some authors, such as Wood et al [8],
argue that the exploration of wetland-based livelihoods should be considered in the DRC according to the needs and
development aspirations of local people, and would seek to determine how these can be achieved alongside the
sustainable functioning of ecosystems and the ecosystem services they provide.

However, Tinker et al. [36] have noted that knowledge of the concept of ecosystem services and ecosystem
functioning s still vague, unclear and imprecise at the level of producers and political decision-makers. This situation
leads to the consequence of poor management of certain marshes and irrigated areas, currently induced by the
absence of regulations defined at both national and local levels. To avoid these new practices used in conservation
areas, we suggest applying the Ecosystem-based Adaptation (EbA) to wetland management, which requires
adaptive management to fully understand the dynamic and complex nature of particular ecosystems, including a
complete knowledge or understanding of their functioning by users [43], [44].
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Graph II: Tuber production in South Kivu Province during five years of study.

This approach is considered a winning formula for sustainability in the face of global warming. Several
environmental agreements recognize that ecosystem depletion limits the capacity to adapt to climate change and

that ecosystem-based approaches (EbA) to adaptation should be used as a priority. This approach has the potential
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to increase the adaptive capacity of local communities to build social and ecological resilience to climate change in
developing countries.

3.1.1.3. VEGETABLE PRODUCTION

Vegetable production (Legumes) are rich in nutrients [44], [45]. Legumes are economically accessible and
contribute to food security at all levels and are seasonal crops. They contain about twice the amount of protein found
in cereals, such as wheat, maize, rice,... [47]. Legumes are more advantageous because they not only adapt to climate
change but also contribute to mitigating its effects due to their capacity to fix nitrogen in the soil [48].

According to FAO [48], hundreds of legume varieties, including many legume species grown around the world,
are essential components of soil management and pest control at the farm level, especially at the smallholder level.
An important property of legumes is their ability to biologically fix nitrogen. These plants, in symbiosis with certain
types of bacteria (e.g. Rhizobium, Brady rhizobium), are able to convert atmospheric nitrogen into nitrogen
compounds that can be used by plants, also improving soil fertility. Some legume species are also able to release
phosphorus from the soil, which also plays an important role in plant nutrition [47], [48]. Legumes are staple foods
in South Kivu province such as beans (Phaseolus vilgaris), soybeans (Glicine max), peanuts (Arachis hypogaea) and
peas (Pisum sativum), Graph III. The results obtained from our surveys can be found in graph three below. According
to Graph I, the data collected for the last five years, 2013-2017, from the office in charge of legumes of the Provincial
Inspection of Agriculture, Fisheries and Livestock of South Kivu [35], we can see that the five-year average among
these legumes, soybeans occupy the first position, followed by beans and peas. Regardless of climate change,
vegetable production is still higher, and vegetables are staple foods for the majority of families. This was confirmed
by the results of statistical analyses (R? = 0.74 and P-value<0.05

>
3 Pulses
s 1000 _
3 y = 245,3x - 355,48
g 800 R? = 0.7453
P P<0.05
o 600
7]
3 400
o
o
200
2 i
§ 0
<
-200
2013 2014 2015 2016 2017
¥ Haricot 236 242 173.5 787 776
Soja 500 457 457 512 548
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arachide 52.35 52.35 52.35 880 865

Graph III: Tuber production in South Kivu Province during five years of study.

The presence of legumes in agricultural ecosystems in South Kivu helps to maintain and/or to increase the
biomass and microbial activity vital to the soil already degraded by human actions and climate change and feed
organisms responsible for promoting soil structure and nutrient availability. Abundant soil biodiversity not only
provides ecosystems with the capacity to resist and be resilient to disturbances and stresses, but also improves their
ability to eradicate diseases.

Unfortunately, as a result of climate change and seasonal disturbance, production has declined significantly in
the last five decades after independence. These constants are remarkable in other provinces of DRC and in the
legume-producing zones in Great Lake region.
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3.1.1.4. FISHERY PRODUCTION

In South Kivu, fishing is one of the activities practiced by the riverside people living along Lake Kivu and
Tanganyika. These lakes are shared between the DRC on the one hand and neighboring countries on the other in the
world. Fishing activities are limited according to the so-called Congolese and neighboring areas.

The fishermen exploiting these lakes claim that this activity helps them to provide for their families. For the
elders, they are able to provide for the necessities of life through what they earn from fishing, which has become
their daily work. In relation to production, fishermen used to be able to evaluate the quantity produced in terms of
kilos, but nowadays the evaluation has totally changed due to the disturbance of spawning grounds, pollution of the
lakes...and failure to respect the closure period [49].

Graph IV illustrates data collected for the last five years, i.e. from 2013-2017, from the office in charge of fishery
products of the South Kivu Provincial Inspectorate of Agriculture, Fisheries and Livestock in its 2018 report. Our
survey reveals that the increase in fish production of species such as Limnothrica sp (commonly known as Sambaza)
on Lake Kivu in 2015 with a declining trend towards the last two yearsi.e. 2016-2017.

According to our interviews with fishermen's associations, the decrease in production stocks in the bays of Lake
Kivu and Lake Tanganyika is explained by the poor occupation of the littoral zones of these two lakes and the poor
management of its watersheds affecting changes in these ecosystems. This was confirmed by the results of statistical
analyses (P-value > 0.05 and R? = 0.39).

Fishing y = 142024 + 496491
1600000 R? = 0,3908
1400000 P>0,05
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§ 1000000
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® Limnothrica 618561 502689 1384102 1054867 1052590
haplochromis 161142 148154 421051 99565 244354
Tilapias 21361 15058 54865 17544 75279
Clarias 6005 14153 15899 1847 33550
® Uampri caluzia 1468 11508 21957 15281 8227

Graph IV: Tuber production in South Kivu province during five years of study.

A study by Masilya [50] indicates that the degradation of the littoral zones of Lake Kivu would affect the yield of
certain species. Our results provide sufficient evidence that the effects of climate accompanied by human pressures
on this large basin have affected certain species such as Tilapia and clarias, whose stock in terms of production has
greatly decreased according to data from 2013 to 2017. Akonkwa [49] suggests the need to undertake adequate
development measures for the safeguarding and sustainable management of these aquatic resources.

3.1.1.5. SMALL LIVESTOCK BREEDING

According to Kibwana et al. [51] in the humid tropical highlands of East Africa, small livestock systems are
extensive or semi-intensive, on grazing land. Smallholder livestock production in South Kivu is of particular
importance and is an important source of food security and income (job creation) for the population [52].

Graph V shows us the trend in the breeding of small livestock collected during the last four years, i.e. from 2014-
2017, from the office in charge of animal production at the Provincial Inspection of Agriculture, Fisheries and
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Livestock of South Kivu [35]. Our investigations reveal that the domestic goat (Capra aegagus hircus) is in first place
followed by the guinea pig (Cavia porcellus) despite slight decreases in their products observed for the last 4 years
of available data, i.e. 2014, 2015, 2016 and 2017. Species such as pigs (Sus scrofa domesticus) and domestic rabbits
(Orytolagus cuniculus) have been affected. However, according to [16], the products of cows (Bos taurus) and sheep
(Ovis aries) have been the most affected following the proliferation of diseases, some of which are linked to the effects
of climate change and loss of plant cover. This result is confirmed by statistical tests, the probability being above the
threshold of the null hypothesis and the regression being less than 0.5 (P-value > 0.05 and R* = 0.0402).

On the other hand; Akilimali et al. [53]. The study, however, notes that some livestock products such as pigs in
South Kivu are characterized by poor production performance and degeneration of local breeds, and lack of
education among unsupervised farmers. Knowledge of the socioeconomic characteristics of the herders, the
determination of the main breeding systems, production performance and the main constraints facing production in
South Kivu province are important bases for considering its further improvement [53].

Breeding of small and large cattle
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Graph V: Tuber production in South Kivu Province during five years of study.
3.1.2. WATER PRODUCTION BY THE WATER DISTRIBUTION COMPANY

Global and gradual warming of the planet is thus closely linked to contemporary lifestyles, production and
consumption patterns, and has a direct impact on ecosystems and societies. Water is at the heart of these changes,
as the observations and projections of the main scientists gathered around the Intergovernmental Panel on Climate
Change (IPCC) demonstrate [45].

The hydrological cycle is affected in all its aspects by climate change: changes in rainfall patterns, runoff, sea
level rise, desertification processes, etc. The water cycle is affected in all its aspects by climate change. Water
resources are threatened and affected in many regions, with impacts on all areas of development (access to water,
food security, health, etc.), while the risk of water-related disasters will increase. Those who feel the impacts of these
changes most will be the most vulnerable [45]. In South Kivu, water no longer flows regularly at the taps, according
to an observation made by Aruna [46], in some urban areas. In some catchment sources, production plants no longer
have the capacity to cover the population's drinking water needs, i.e., rehabilitated springs.

The data in graph VI of the data collected for the last 6 years, i.e. from 2012-2017, at the commercial service of
the Distribution water company (REGIDESO) South Kivu in its 2018 report, show that; the supply of water in the city
of Bukavu, shows a downward trend and would be linked to climatic factors and the degradation of forests and
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landscapes that have affected the aquifer which no longer has the capacity to supply the quantity of water that can
cover the needs of the population in the city of Bukavu. Aruna [46], gives a scientific statement that, from a scientific
point of view, the permanent lack of water has its origin in the main phenomena such as: landscape degradation and
desertification. Both of these factors depend on man, who has impoverished the soil and this affects groundwater.
The biggest problem is that the population does not know the three thresholds defined as alert or constraint
thresholds or the critical shortage threshold in m3 /capita/year [45] REGIDESO should make this information known
to the population at all times in order to develop adaptation strategies.

80000000 Water delivery (m?3)

70000000 y = 6E+06x - 4E+06
60000000 R?=0,3472

50000000 P>005
40000000
30000000
20000000
10000000

0

2012 2013 2014 2015 2016 2017 TOTAL
Graph VI: Delivery in m3 of water by REGIDEO

3.1.3. RAINFALL VARIABILITY DATA

In the South Kivu region, climatic degradation has led to a shift in isohyets from north to south with changes in
temperature from one year to the next [19]. The spatial representation of rainfall has made it possible to see the
spatial evolution of isohyets over the years and thus characterizes the rainfall dynamics in the region. The Graphs
below present just the monthly rainfall fluctuations for the last three (3) years in South Kivu according to the Report
of the Centre of research of natural sciences of Lwiro, Graph VII & VIII).

Rainfall change between 2017-2019
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Graph VII: Rainfall change between 2017- 2019.
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This brief presentation of these data allows our reader to better perceive the variations induced by climate
change in the region of study. In fact, seasonal variability in rainfall and temperature has significant consequences
on agricultural production, plant cover, etc.,, and is a major factor in the development of the region's economy.
Observation of the graphs shows that there is some disparity in the distribution of monthly temperatures [16], [25],
[36]. This is true for all stations. The dry months during which some isolated precipitations are observed are more
or less affected by the rise in temperature. This justifies that abnormal months vary between 3 and 4 months. This
was confirmed by the results of statistical analyses (P-value > 0.05 & R* = R? = 0.0081 of Rainfall change between
2017- 2019 and P-value > 0.05 and R? = 0.14 of temperature change, Graph VII & VIII). This proves that there is a
problem of climate disruption that will require a long period, governance and significant resources to restore this
landscape that has been disrupted by unsustainable uses.

Temperature change from 2017-2019
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Graph VIII: Temperature change from 2017-2019.

3.2. THE CONCEPTUAL FRAMEWORK: AN ADAPTED DPSIR MODEL

For this study, the conceptual framework we used is a DPSIR (Driving Forces, Pressures, States, Impacts, and
Responses) model adopted by the European Environment Agency. This concept helps us to understand the
conditions of Pressures and Driving Forces conditioned by society on nature. These Pressures and Responses act on
the situation, the state of the components of nature reacting to the Pressures and Responses by Impacts in return
(Impacts-I) to the population. These impacts can be observed in the form of variations in the ecosystem services
provided: food, water regulation, soil fertility, etcl. This model (figure 2) has allowed us to understand the
development of a "cause-effect” relationship to link climate factors and their effects, and to establish a link between
the different elements that directly or indirectly influence the state of performance of ecosystem services. These are
referred to as "causal” or "relational” models, [57]. »

L http://indicateurs-biodiversite.naturefrance.fr/fr/le-cadre-conceptuel-un-modele-dpsir-adapte
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Taking into account the impacts, allows to integrate the repercussions of the Pressures, beyond the physical,
chemical or biological aspects. This has enabled us to integrate all the stakes of the degradation factors beyond the
observed/measured situation by considering the impact on humans and their activities, at different spatial and
temporal scales in the South Kivu province.

Prevention e iaesaamen R
Driving Forees g - cc s mmmmm s _,'_'"J' —
\ ’ Recognition
Pressure

Restoration

Sensitivity :
\ & Adaptation
Stale :
" v
Adaptiveness

" Impact

Figure 2: Diagrams of the conceptual framework of a DPSIR model (Salehio et al, [57]).

Legend: The Responses (R) correspond to what is implemented to remedy the observed situation, i.e. corrective
actions/provisions implemented at different scales and in different forms (curative/preventive,
regulation/prohibition,....; political measures, collective initiatives, behavioral norms, etc..., [57]). The responses
must ultimately serve to inform the actors and the public [58].

3.2.1. PRESENTATION OF THE ECOSYSTEM-BASED APPROACH TO ADAPTATION (EbA).

According to some researchers [59], Ecosystem-based adaptation (EbA) is used by a number of organizations
and in many developed and developing countries as a means of climate adaptation, particularly at the community
level. This approach is also used to reduce disaster risk. It is currently considered a winning formula for
sustainability in the face of global warming. Several environmental agreements recognize that the depletion of
ecosystems limits the capacity to adapt to climate change and that ecosystem-based approaches (EbA) to adaptation
should be a priority for states, as this approach has the potential to increase adaptive capacity and social and
ecological resilience. It should be noted that very often these visions discussed in the climate negotiation rooms are
not translated into concrete targets and hardly involve local communities 2.

This is why our research focuses on measures to increase the acceptance of the ecosystem-based approach
(EbA) to adaptation in the DRC government's action plans in terms of expected contributions determined at the
national level. However, in order to evolve well in the context of climate change in the DRC our approach is one that
encourages a bottom-up direction while building resilience capacities. It is in this way that the Ecosystem-Based
Approach (EbA) to adaptation must be implemented through participatory community-based approaches.

3.2.2. THE GOVERNANCE STRATEGY FOR AN ECOSYSTEM-BASED APPROACH TO ADAPTATION (EbA)

Governance as the norms and processes that determine how a society exercises power, allocates responsibilities
and makes decisions to protect, sustainably manage and restore ecosystems. It is within this framework that a local

z2www.iied.org/ecosystem-based-adaptation
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strategy for adapting to climate impacts is proposed in this study. However, this governance will have to be flexible,
multidimensional, respecting issues of equity and transparency, and be based on a full understanding of the potential
and needs of ecosystems [60].

3.2.3. ADAPTIVE GOVERNANCE IN SOCIO-ECOLOGICAL SYSTEMS

In the context of EbA governance, the connections and interdependencies between humans, livelihoods,
ecosystems and their services need to be taken into account to the extent that they are linked in social ecological
systems (SES), [6] (Figure 3). As an emerging form of environmental governance, adaptive governance is
increasingly being called upon by practitioners to coordinate resource management regimes in the face of the
complexity and uncertainty associated with landscape changes related to climate risks [40].

This governance is defined as "the set of interactions among actors, networks, organizations and institutions
that emerge in the pursuit of a desired state for socio-ecological systems"[6], [40]. The concept of adaptive
governance does not apply exclusively to the governance of socio-ecological systems. However, it is gaining
importance and often resonates in the context of natural resource management and climate change adaptation
projects, which aim to strengthen the resilience of socio-ecological systems.

To define the appropriate governance structure for the application of the ecosystem approach (EbA), we need
to understand the social system of the ecosystem (SES), the functions and services provided by the ecosystem, and
the values and benefits that stakeholders receive as a result of the existence of an ecosystem.

o System understanding
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Figure 3: Social-ecological systems (SES) and EbA governance. [61].

3.3. FUTURE PERSPECTIVES ON THE GOVERNANCE OF THE ECOSYSTEM-BASED APPROACH TO
ADAPTATION

Ecosystem-based Adaptation (EbA) governance must go beyond government and can only work if civil society
and the private sector are involved, with clear roles and mandates for action, as defined below [58], [59]:

o that the state plays its key role in creating an enabling political, legal and economic environment for
adaptation and climate risk reduction while establishing the governance framework. It is essential to
engage society as a whole and its different groups in the governance of EbA and to include the principles
of good governance in relevant policies and actions.

e that civil society continues to mobilize people in policy development and governance. The local
community and indigenous people are key actors and rights holders; they must defend their rights and
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needs with the State but also with the private sector. They can do so through civil society using different
media channels or interest groups such as NGOs, community-based organizations or indigenous
associations. As a member of civil society, academia will need to continue to provide scientific expertise
for policy development and informed decision-making.

e the private sector, which is a key player in EbA governance. Financial institutions, mining companies
and other investors, producers, retail traders etc., can provide input on cost-benefit and efficiency. They
can provide the inspired framework and/or financial means for the emergence of innovations, or use
pressure or incentives put in place by government to encourage compensation. New policies defining
policies for payments for ecosystem services should be developed in South Kivu province in DRC, in
order to prepare for the implementation of EbA on the national territory.

3.4. PILOT PROJECT FOR THE RESTORATION AND SUSTAINABLE MANAGEMENT OF THE MOUNTAINOUS
AGRICULTURAL ECOSYSTEMS OF SOUTH KIVU (RGEM), AS A MODEL FOR TESTING THE
APPLICATION OF EbA IN DRC.

The government of the DRC has obtained funding from the Global Environment Facility for a period of 5 years.
This project is a child project to test the future implementation of ecosystem-based approaches to adaptation in the
DRC and specifically in the province of South Kivu in the Kabare territory in the Kabare chiefdom and in the Walungu
territory in the Ngweshe chiefdom (figure 4).
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Figure 4: Model for testing the application of Ecosystem-based Adaptation (EbA, [40]).

The choice of these two experimentation areas is justified by natural factors such as climatic disturbances, heavy
rainfall and acid precipitation, floods, landslides and the extreme temperatures that were observed in this area
during the feasibility assessment of this project. In addition to these natural factors, there are other anthropogenic
factors such as demography, poor farming practices, poor natural resource exploitation practices, cultural factors,
armed conflicts, uncontrolled urbanization, poor livestock husbandry practices, mining operations, poor supervision
and agricultural extension, and a weak legislative framework.
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The overall objective of this project is to reverse the trend of degradation of soil and biological resources in the
mountainous areas of South Kivu. This is for the sustainable increase of plant and animal production, mitigation and
adaptation to the effects of climate change

3.4.1. THIS PROJECT HAS FOUR COMPONENTS, NAMELY?3

COMPONENT 1: Improvement of the policy and legal framework taking into account (the South Kivu land-use
plan in line with the national strategy, the strengthening of the regulatory framework (provincial decrees and
orders) to facilitate the restoration process, support to environmental civil society for an FLR (Forest Landscape
Restoration) observatory and the strategy for the restoration of forest landscapes in the province of South Kivu).

COMPONENT 2: Implementation of the Forest Landscape Restoration initiatives and complementary activities
of 3 systems (forestry, agriculture and livestock). For the reforestation system: the program foresees the planting of
utility trees at the edge of the Kahuzi-Biega National Park (KBNP) as caterpillar trees, melliferous trees, energy,
fodder. For the wood energy economy, there will be the development of improved fireplaces. The securing of land
tenure rights in the forests of local communities is planned. All this will be accompanied by the development of a
simple natural resource management plan at the community level.

For the agricultural system: the project provides for the establishment of water and soil conservation
infrastructure (erosion control, terracing, watersheds and hydro-agricultural development). Community capacity
building on the introduction of improved agricultural practices for better resilience to climate change (climate-smart
agriculture): 0 ploughing, soil fertilization with organic fertilizers, water and soil conservation techniques, etc. The
development of the agricultural value chain and support to farmers' organizations will be experimented.

With regard to the livestock system: the project provides for the restoration, fodder improvement and
sustainable management of pastures, support for small family livestock (resistant brood stock: goats, poultry),
support for the animal health system and the value chain for farmers' organizations.

COMPONENT 3: institutional capacity, finance and scale-up. The program includes support to the National
Forest Fund in South Kivu and institutional support to the Sustainable Land Management and Sustainable
Development divisions. This policy dimension integrates capacity building for monitoring and measurement to
capture environmental benefits (ecosystem services) in the landscape.

COMPONENT 4: knowledge, partnership, monitoring and evaluation. The project integrates the restoration
modules into the university and technical education curriculum and the development of tools to raise children's
awareness. The landscape restoration program is one of the strategies adopted by humanity for Africa in an attempt
to implement the application of the ecosystem-based approach to adaptation. This program is being implemented in
Africa to test the restoration of the balance between the ecological, social and economic benefits of forests [61]. This
can be done through a land-use model that seeks landscape-wide impacts to stimulate local economic development
with more sustainable livelihoods [62]. Involvement of local stakeholders in decision making and the use of existing
knowledge is essential.

4. CONCLUSION

Climate change is a global problem that links the destiny of mankind excellence with that of his surrounding
environment. For this study, it was necessary to carry out a systemic reflection, which is the only way to highlight
the interrelation and interdependence between the quality of the environment and human life. These climatic
upheavals have significant consequences in the province of South Kivu, exacerbating the phenomena of submerged
disturbances in the agro pastoral production system, water, fishing and livestock products.

The vulnerability, resilience and adaptation of the inhabitants in the face of the transformations were
documented in this study and the results allowed us to develop certain strategic orientations that essentially
addressed local issues related to the exploitation of natural resources in South Kivu and the benefits derived by the
communities from the impacts of climate change. The objective of this study was to compare the performance of the

3 Gestion durable des Ecosystemes agricoles Montagneux du Sud Kivu, FAO (Sud-Kivu), wwwFAO-CD@fao.org
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provision of ecosystem services such as (water, agricultural products, fisheries and livestock) over the last five years
affected by climate change-induced ecosystem change, and to guide decision makers in developing local policies to
resist and adapt to the impacts of climate change and other stresses such as land degradation.

With regard to this objective, our results allowed us to understand that the population does not have the same
level of understanding of climate change and how this affects ecosystem change. We believe that the results of this
study will be used as communication tools to raise community awareness and will help inform policy makers on the
strategic orientations of the preventive measures policies put in place against driving forces, responses envisaged
for the mitigation of pressures on ecosystems and landscapes in South Kivu.

According to this study, this will make it possible to limit the state of degradation and maintain the capacities of
the ecosystems playing their function as providers of ecosystem services while preventing adaptation measures in
the face of induced impacts, as demonstrated in our results, which constitute reference indicators in South Kivu in a
complex ecosystem dynamic.
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