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Abstract

Aim : The objective of this study was to evaluate the flow (monthly and annual), the climate model, the plant biomass, the heat islands,
the albedo (hourly and monthly), the evaporation, the precipitation and the evapotranspiration of the Oubangui river basin and to follow
the evolution of these parameters with data from 1999 to 2018.

Methodology: Thanks to Landsat satellite images and those of the American site Giovanni, we collected data on the flow (monthly and
annual), the climate model, plant biomass, heat islands, albedo (hourly and monthly), evaporation, precipitation and evapotranspiration
of the Ubangi basin, then analyzed with ArcGis software.

Results: The results showed that the monthly flows of the Oubangui River have dropped from 6,000 to 3,000 m3/Sec) from 1940 to the
present. The Maximum Plant Biomass Value NDVI from 1999 to 2018 shows that the Biomass has gone from 65% dense vegetation/pixel
(dense forest) to 37% dense vegetation/pixel (very degraded dense forest). The analysis on the evolution of Ground Heat Islands per pixel
shows that the temperature has evolved from 29.8°C (hot) in 1999 to 42.63°C (hot) in 2018. The ratio of energy released to energy received
from the Sun (albedo) in the Ubangi Sangha basin is in the range of 10.68 to 14.29% annual cumulative albedo. The river loses water by
free vaporization from 7 to 14 mm/day.

Conclusion: This study provides information on recent values of parameters such as: discharge (monthly and annual), climate model,
plant biomass, heat islands, albedo (hourly and monthly), evaporation, precipitation and evapotranspiration of the Ubangi River basin
for which there is not enough information in the literature
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I. INTRODUCTION

Global warming is one of the factors behind the disruption of the water cycle, and consequently the reduction of rainfall [1].
However, the decrease in annual flows of major African rivers is a direct consequence of the reduction in rainfall, which is reflected
in the phenomenon of drought that has marked the major African rivers in recent decades; including the Ubangi basin, where several
studies have been conducted to describe and understand its hydrological functioning and those of its various tributaries, either by
classifying the various hydrological systems in relation to their functioning, or by breaking down the rainfall regimes of each
tributary, at different phases of the hydrograph of the Congo River [1-5].
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Other works have allowed the splitting of their hydro-climatic chronicles into stationary segmentations, using statistical
procedures for detecting breaks, namely the "Buishand" test, the "Pettitt" test, the Lee-Heghinian Bayesian method and the Hubert
segmentation, which have been successfully used in the study of hydro-meteorological series of West Africa [2, 6-8]. Pandi et al,
2009 described the variations of the Oubangui river flows at the hydrometric station of Bangui and the impact of the variability of
the flows on the navigation in the Oubangui. Thus, this study was initiated to monitor the evolution of parameters such as: flow
(monthly and annual), climate model, plant biomass, heat islands, albedo (hourly and monthly), evaporation, rainfall and
evapotranspiration of the Oubangui basin [9].

II. STUDY ENVIRONMENT & METHODOLOGY

2.1 Study environment

7

< Overview

The Oubangui River, which is 2,500 km long from the source of the U¢I1¢é, drains a basin with an area of 488,500 km2 at Bangui.
The basin has an elongated shape from east to west, with the downstream part curving southward slightly upstream from Bangui.
The length of the basin is about 1800 km, with an average width of 500 km. It extends from latitude 00°30'S to 09°16'N and from
longitude 15°35'E to 30°57'E. Its relief is a vast peneplain shaped by meteoric erosion phenomena that have succeeded one another
during Phanerozoic times. The high reliefs, which rarely exceed 1100 meters, represent only 50% of the surface of the basin. The
highest point is at 1796 meters in the Blue Mountains, in the DRC at the Congo-Nile interfluve and at the eastern end of the basin.
The plateaus, which range in altitude from 500 to 900 meters, make up 70% of the surface area and the Ubangi plains make up the
remaining 25% [9]

. Oubangui
¢ catchment

Fig.1: Overview map of the Congo River drainage network, with indication of the sampling location and the extent of the
Oubangui catchment upstream of the sampling site. Modified after Runge and Nguimalet (2005) [9].

7

« Hydroclimatology of the Oubangui River

The climate of the Ubangi basin is characterized by a dry season that begins in October in the northeast and spreads throughout
the basin from January; an inter-season before the rainy season that begins in the south of the country in March and reaches the
north in April-May; and finally, a rainy season that affects the entire basin from June to September and lasts from the south to the
north for 9 to 4 months. Rainfall varies from 1700 mm/year in the south to less than 100 mm/year in the north, which corresponds
respectively to the transition from the Guinean forest zone to the Sudano-Guinean zone [9].

2.2 Methodology

The data for this study were collected using Landsat satellite images and those of the American Giovanni site, then analyzed
using ArcGis software in the Observatoire Spatiale de T¢élédétection du Climat (OSRNaC) laboratory at the Université Pédagogique
Nationale (RD Congo).
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ITII. RESULTS & DISCUSSION
3.1 Monthly flows of the Oubangui River from 1936-2050

Monthly and annual flow data for the Ubangi River from 1936 to 2050 are shown in Figures 2a and 2b
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Fig.2a : Monthly flows of the Oubangui River from Fig.2b : Monthly flows of the Oubangui River from 1936-
1936-2050 at the Ultraviolet 2050 at Infrared

Source: C.T Alphonse B., NOAA/OSRNaC satellite data (2021)

The figures below (Fig.2a and Fig.2b) show the monthly flows of the Ubangi River from 1936-2050.

From these figures (Fig. 2a and Fig. 2b), it can be seen that the monthly flows of the UBANGI River have tended to drop by
half (6,000 to 3,000 m3/Sec) from 1940 to the present: Ubangi has no water. According to forecasts, these figures could reach 2,000
m3/Sec of flow by the year 2050. The evolution of the flows (annual and monthly) of the Ubangi, shows more or less important
oscillations that can be grouped into two major hydrological phases, as already indicated by [10-11]: - a wet phase that extends
from 1936 to 1970, characterized by excess flows, with generalized floods, the most important of which are those observed in 1936,
1941, 1948, 1961, 1963 and 1969. During this phase, the interannual flow is close to 4397 m%/s, which represents a difference of
628, i.e. an excess of 16%; - A post-1970 period which is deficient; the calculated modulus is 3141 m?®/s, which corresponds to a
deficit of -28%, compared to the interannual flow of the chronic, with an accentuation of the phenomenon from 1982.

The lowest low water flow is observed in 1990, that is 2187 m3/s. The study of the Ubangi during the different phases of flow
that characterize this century, indicates that it has undergone the greatest variations in water conditions in the Congo basin according
to [12]. With a record decrease in its runoff (-18%), the Ubangi basin is affected by the climatic variability of non-Sahelian West
Africa, marked by a strong downward trend for more than 30 years, similar to the even more intense trend that has affected the
Sahel further north. The decrease in the flow of the Ubangi River has had serious consequences for the use of its water resources,
particularly for navigation. These results corroborate with those observed by [9]. And 2018 we observe that these values are still
tending to decline and could reach 2000 m>/s by 2050.

3.2 Behaviour of the monthly flows of the Ubangi River

The behavior of the monthly flows of the Oubangui River is given in Figure 3
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Fig.3 : Behavior of the monthly flows of the Oubangui River

Source: C.T Alphonse B., NOAA/OSRNaC satellite data (2021)

This figure shows that the principal component analysis of monthly flows in the Oubangui basin shows that the months of June,

July, March, August, April and May are diametrically opposed to the months of flooding, i.e. February, January, December, October
and November, with February and August being the two months with the highest flows.

3.3 Maximum Values of Plant Biomass NDVI of the Oubangui River

The Maximum Plant Biomass NDVI values of the Oubangui River from 1999, 2008 and 2018 are shown in Figures 4a, 4b and
4c respectively
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Fig. 4a: Maximum Plant Biomass Value Fig. 4b: Maximum Value of Plant Fig. 4c: Maximum Val_ue_ of P_Iant Biomass
i Ri : . NDVI of the Oubangui River in 2018
NDVI of the Oubangui River en 1999 Biomass NDVI of the Oubangui

Source: C.T Alphonse B., NOAA/OSRNaC satellite data (2021)
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These figures show that the vegetation in the Ubangi basin is gradually degrading. In 1999 we had a very dense forest, in 2008
a degraded forest and in 2018 the images show us a very degraded clear forest.

3.4 Evolution of the combined NDVI Maximum Plant Biomass Values of the Oubangui River

The evolution of the maximum combined NDVI plant biomass values of the Oubangui River from 1999 to 2018 is presented in
Figures 5a and 5b.
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Fig. 5a: Evolution of the combined NDVI Maximum Plant Biomass Fig. 5b: Evolution of the combined NDVI Maximum Plant Biomass
Values of the Oubangui River from 1999 to 2018 Values of the Oubangui River from 1999 to 2018 on excel

Source: C.T Alphonse B., NOAA/OSRNaC satellite data (2021)

From these figures, it can be seen that the trend in the evolution of the Maximum Plant Biomass values of the Ubangi River
decreases from 1999 to 2018 (figures 5a, 5b and 5c¢). Thus, the maximum NDVI Plant Biomass values from 1998 to 2018 are shown
in Table 1.

Table 1: Maximum values of Plant Biomass NDVI from 1998 to 2018
Years Maximum Plant Biomass Value NDVI Pixel LANDSAT Tendance de la Forét

™
1999 65% of dense vegetation /pixel 30m*30m Very Dense Forest
2008 52% of dense vegetation /pixel 30m*30m Degraded Forest
2018 37% of dense vegetation /pixel 30m*30m Very Degraded Clear Forest

From this table it can be seen that the measurements of maximum values of plant biomass per pixel showed a decrease as
follows: in 1999 we have a plant density of 65% (very dense forest), in 2008 we have a plant density of 52% (degraded forest) and
then 2018 we have a plant density of 37% (very degraded light forest). These results corroborate with those found by [12-13] where
they proved that the vegetation biomass dropped by half from 1990 to 2005.

3.5 Temperature evolution in the Ubangi Basin

The evolution of the Temperature within the Ubangi Basin from 1999 to 2018 is presented in Figures 6a, 6b and 6c.
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Fig. 6a: Temperature evolution in the Ubangi Basin Fig. 6b: Temperature evolution in the Ubangi
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Fig. 6¢ : Temperature trends in the Ubangi Basin in 2018

Source : C.T Alphonse B., données satellitaires NOAA/OSRNaC
Figures 6a, 6b, and 6¢ show how the temperature has changed from 1999 to 2018.

The images show that the temperature has increased significantly and could get even worse by 2040.
3.6 Evolution of Ground Heat Islands by Pixel
The evolution of Ground Heat Islands by Pixel from 1999 to 2018 is presented in Figures 7a and 7b.
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Fig. 7b: Evolution of ground heat islands per

pixel from 1999 to 2018

From these figures, it can be seen that the analysis on the evolution of Ground Heat Islands per pixel from 1999 to 2018 at the
level of the Ubangi basin is progressively increasing, whose temperature values are shown in Table 2.

Tableau 2 : Ground Heat Pockets per Pixel.

Years Ground Heat Pockets per Pixel. Pixel LANDSAT TM  Observation
1999 29,8°C 60m*60m Chaud

2008 35,62°C 60m*60m Treés Chaud
2018 42,63°C 60m*60m Caniculaire

It appears from this table that the analysis on the evolution of heat islands on the ground per pixel at the level of the Ubangi
basin has increased significantly from 1999, 2018 and 2018 with respective values of 29.8 ° C; 35.62 ° C and 42.63 ° C and these
values could increase significantly by 2040.

3.7 Combined evolution of vegetation - heat islands

The combined evolution of the vegetation-heat island is given by figures 8a and 8b
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Fig. 8b: Vegetation-heat island bi-plots from 1999

to 2018

Source: C.T Alphonse B., NOAA/OSRNaC satellite data (2021)
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It can be seen from these figures that the analysis on vegetation degradation is proportional to the increase in heat.

3.8 Monthly albedo of the Oubangui River

The monthly albedo of the Oubangui River is given in Figure 9

L™
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Fig.9: Monthly albedo of the Oubangui River

Source: C.T Alphonse B., satellite data NOAA/OSRNaC/2021

It appears from this figure that the ratio of energy released in relation to the energy received from the Sun in the Ubangi Sangha

Basin is in the order of 10.68 to 14.29% of cumulative annual albedo, thus an environment absorbing light rays thanks to the
Peatland.

3.9 Hourly albedo ratio of the Ubangi River

The hourly albedo ratio for the Oubangi River is given in Figure 10.

Fig. 10: Hourly albedo ration of the Oubangui River

Source: C.T Alphonse B., NOAA/OSRNaC satellite data (2021)

It appears from this figure that the hourly ratio of energy released in relation to the energy received from the Sun in the Oubangui
Sangha basin is of the order of 7 to 12%, thus an environment that absorbs light rays thanks to the peat bog.

3.10 Evaporation of the Ubangi River

The values in mm/day of evaporation from the Oubangui River are given in Figure 12
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Fig. 12: Evaporation from the Ubangi River
Source: C.T Alphonse B., satellite data (2021) NOAA/OSRNaC

It appears from this figure that the Oubangui Sangha basin loses water by free vaporization from 7 to 14 mm/day, the lowest
value in the entire Congo Basin, thanks to the Forest and Peatland.

3.11 Rainfall trends in the Ubangi River

The evolution of rainfall in the Ubangi River from 1936 to 2050 is shown in Figure 13
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Fig. 13: Precipitation trends from 1936 to 2050
Source: C.T Alphonse B. NOAA/OSRNaC (2021)
This figure shows that the Ubangi basin loses more water through free evaporation when rainfall simultaneously decreases.
3.12 Evapotranspiration of the Ubangi River

The evapotranspiration of the Oubangui River is given in Figure 14
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Fig. 14: Evapotranspiration of the Ubangi River

Source : C.T Alphonse B.. NOAA/OSRNaC (2021)

This figure shows that the Oubangui Sangha basin loses water through free evapotranspiration and from 243 to 325 mm/day,
thanks to the Forest and the Peatland, and this, the values in perpetual decrease according to the graphs even the graph of the
precipitations above.

IV. CONCLUSION

The objective of this study was to provide recent data on the current situation of the Ubangi River Basin, which is facing multiple
geopolitical challenges at the moment. It emerged from this study that several parameters, including: the flow (monthly and annual),
the climate model, the plant biomass, the heat islands, the albedo (hourly and monthly), the evaporation, the rainfall and the
evapotranspiration that can ensure the survival of this basin are in a very advanced state of degradation. In such a context,
cooperation between the riparian countries of the basin becomes essential to protect the resource and organize the distribution of
uses between the various priority activities.
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