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Abstract: This study aims to analyze projections of climate deteriorations and monthly precipitation in a developing country between 2021 and 2040. This was done according to the CMIP 6 multi-model. Its development is based on essentially rainfall data from monthly time step measurements for a 0.25°×0.25° grid from GeoTiff files from WorldClim. These are simulations from the CMIP6 model developed by the National Center for Meteorological Research (CNRM) of France. From these files, we extracted rainfall simulation data for the entire Congolese territory for the SSP1-2.6 scenario. As methods used, we enumerate data collection, statistical methods, analysis and processing of precipitation data using Excel 2016 and Xlstat 2014 software. To this is added interpolation with IDW through a geographic information system (GIS). Results obtained indicate an upward evolution of precipitation from the year 2016. This evolution will slow down from the 2070s and continue its evolution until 2100. In Congo-Brazzaville, monthly average precipitation values from 2021 to 2040 vary between 0 and 376.5 mm.
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Introduction
Congolese territory, located on the western margins of Congo Basin between longitudes 11° and 19° East and latitudes 4° North and 5° South with altitudes exceeding 900 meters altitude (figure 1). Meteorological, hydrological and climatological hazards cause, each year, disasters that claim many victims and delay economic and social development in several regions of the world. Congolese territory is already a victim of this. For better social and economic health, knowledge of rain system should be a primary challenge for decision-makers and scientists. Congolese social and economic atmosphere undoubtedly depends on rhythm of rains. Country's main economic activities such as agriculture and forestry are dictated by climate and especially by rains. However, the Congolese rain system is not homogeneous. Works of Mpounza M. and Samba-Kimbata J-M. (1990), Bigot S., Moron V., Melice J-L. et al., (1998), G. Samba and M. Mpounza (2005), G. Samba and D. Nganga (2012) and G. Toli and G. Samba (2022) have announced problem of precipitation disturbances on Congolese territory. However, analyses remain pessimistic and several works announce a significant decrease in precipitation on Congolese territory. It is in this momentum that we questioned future rhythm of monthly precipitation in Congo-Brazzaville based on projections of CMIP6 multi-model. All this aims to develop an appropriate response to climate change-related vulnerability in Congolese landscapes by providing scientists, political decision-makers, practitioners and local communities with reliable and updated information and analyses to design and implement climate change adaptation policies and projects.
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Figure 1: vegetation and hydrographic network of the study area
Data and Methods
Data
Data selected consist essentially of precipitation measured at monthly time steps for a 0.25°×0.25° grid from GeoTiff files from WorldClim. These are simulations from the CMIP6 model developed by the National Center for Meteorological Research (CNRM) of France. From these files, we extracted rainfall simulation data for entire Congolese territory for the SSP1-2.6 scenario and for the period from 2021 to 2040. Data available here are future climate projections at reduced scale CMIP6. Downscaling and calibration (bias correction) were performed with WorldClim v2.1 as reference climate.
Methods
We used various methods and statistical tests for processing precipitation data using Excel 2016 and Xlstat 2014 software. different methods used are :
Cumulative
This is the sum of values contained in a series or matrix. This method allowed us to extract cloud occurrences during the September-October-November 2020 season. It is defined as follows:


With: Xi as series variable (here, xi = precipitation).

Arithmetic Mean
It is ratio of sum of values in the statistical series to number of values. It allowed us to represent averaged values of precipitation occurring during each season. This method is defined as follows:


With: Xi, series variable; n, variable frequency; N, total frequency
IDW Interpolation
Representation of precipitation values was done through a geographic information system (GIS) using cubic interpolation with IDW method. IDW interpolation (or inverse distance weighting) is a type of multivariate interpolation method with a set of known scattered points. Values assigned to unknown points are calculated with a weighted average of available values at known points. Algorithm of this interpolation method is programmed and integrated into ArcGIS 10.8 software that we used.
Results and Discussion
Climate State through the SSP1-2.6 Scenario of the CMIP 6 Multi-Model
Climate Model Intercomparison Program (CMIP) is a program created by World Climate Research Programme (WCRP) to promote international cooperation between climate modeling centers. Climate numerical simulations from CMIP feed numerous scientific projects for understanding mechanisms and model evaluation, multidisciplinary impact studies and serve as reference for IPCC reports. Each phase of this program therefore advances the foundation of climate knowledge and particularly its probable evolution, foundation on which policies are then based. These simulations also feed emerging climate services (CEA/CNRS/Météo-France, 2019). CMIP6 project took shape in 2015 and is based on 21 model intercomparison sub-projects (MIP) contributing to seven major challenges of World Climate Research Programme (figure 2): clouds, atmospheric circulation and climate sensitivity (i); changes affecting the cryosphere (ii); climate extremes (iii); water availability (iv); regional sea level rise (v); decadal prediction (vi); biogeochemical forcings and feedbacks (vii).
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Figure 2: Schematic representation of scientific themes and CMIP6 organization (source: CEA/CNRS/Météo-France 2019)

In order to study, climate state through the SSP1-2.6 scenario, we selected two essential climate parameters: temperatures and precipitation. SSP1-2.6 scenario starts in 2015 and emits climate change assumptions based on low GHG emissions, with CO2 emissions decreasing to net zero emissions around or after 2050, followed by varying levels of negative net CO2 emissions (IPCC, 2021, p.16). SSP1-2.6 scenario, which presents climate simulations highlighting less pronounced human action on climate, emits an assumption that implies that global warming cannot exceed 2°C during the 21st century (IPCC, 2021, p.15). In Figure 3 from year 2015, global average temperatures remain below 2°C for the SSP1-2.6 scenario. Regarding precipitation, the SSP1-2.6 scenario suggests an increase in precipitation at high latitudes, in equatorial Pacific and in certain parts of monsoon regions, but a clear decrease in certain parts of subtropical regions and in limited areas of tropics (IPCC, 2021, p.19). Figure 3 presents evolution of global average precipitation from 1850 to 2100 through the different CMIP6 scenarios. We note, for SSP1-2.6 scenario, an upward evolution of precipitation from year 2016. This evolution will slow down from the 2070s and continue its evolution until 2100 (figure 3).
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Figure 3: Projections on evolution of global average precipitation according to CMIP6 model scenarios (Source: IPCC, 2021).

Monthly average precipitation in Congo-Brazzaville between 2021 and 2040 rainfall regime
Rainfall regime
Data from Climate Explorer allowed us to develop rainfall regime for entire territory. Observation is that during the projected period (2021-2040), rainfall regime of Congo-Brazzaville remains bimodal with seasonal alternation. However, data show that rains occurring during months of December, January and February record low precipitation quantities with values that hardly exceed 1 mm of water per day. Month that receives less rain per day is January against September whose rain values exceed 8 mm of water per day (figure 4).
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Figure 4: rainfall regime
Spatial distribution of precipitation
Monthly average precipitation values from 2021 to 2040 vary, overall, between 0 and 376.5mm. Results attest that southern parts (southeast and southwest) of Congolese territory will be increasingly rainy during months of January, February, March, April, November and December with average precipitation values varying between 28.1 and 376.5 mm (Figure 5). In January, rainfall values in south-Congo will reach 28.1 while in North-Congo, 202 mm of water will be recorded. An increase will be observed in next month (February) in the South 47 mm of water against 217 mm of water in the northern part. Month of March will record rainfall values of 116 (South) to 265 mm of water for north-Congo. April will present an upward trend of 139 for south-Congo and 249 mm of water for the northern zone. Considerable increase in precipitation during these months would be attributable to rainy season in South-Congo.
During month of May, South-Congo will record 63 mm of water while north-Congo will experience 207 mm of water. Month of June will be marked by low rainfall quantity in south-Congo, i.e., 0.3 mm of water; in North-Congo, we will observe a rainfall increase notably 200 mm of water. This can be explained by fact that these Congolese climate zones do not have same rainfall rhythm. In July, as in August, South-Congo will have recorded insignificant precipitation values while north will experience 202 and 245 mm of water. In month of September, south-Congo will be marked by rainfall of 6.3 mm of water. On the other hand, in north-Congo, we will observe 237 mm of water. Months of October, November and December will experience respectively 45, 113 and 44 mm of water in south-Congo. While rainfall values in North-Congo will be 315, 376 and 250 mm of water.
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Figure 5: distribution of monthly average precipitation
Discussion
Congo has seen an increase in rainfall since 2016. This trend will slow down by 2070 and 2100. Thus, their average monthly values from 2021 to 2040 vary between 0 and 376.5 mm. This is conclusion reached by Samba G. (2014b). Author points out the presence of two climatic regions with opposite trends in terms of rainfall variability: northern Congo is experiencing a downward trend, while rainfall in southern Congo is increasing. However, work of Samba G. (2020) indicates that rainfall will decline until 2100. In his book, Samba G. (2024) shows that 1980s and 1990s were characterized by a considerable rainfall deficit of between 10 and 20 %. Work carried out by Toli G. and Samba G. (2022), by Samba G., (2014 a) and by Samba G. and Nganga D. (2013) confirm the results we have obtained. Authors indicate that Congo has two rainfall regimes: an equatorial regime in northern Congo and a regime with a strong tropical humid influence in the south of the country. There is an alternation of rainy and less rainy seasons. The maximum rainfall occurs from March to May (MAM) or from September to November (SON), and the minimum rainfall from December to February (DJF) or from June to August (JJA). During the SON season, a recurring maximum is observed at all stations in November throughout the Congolese territory.
Global climate changes remain one of humanity's major concerns whose effects affect all sectors of world including that of rainfall. Rainfall variability observed in African sub-regions particularly in Congo-Brazzaville which is the region of the present study is influenced by several factors including climate changes. Results obtained in this study allow us to observe temperature changes based on low GHG emissions, with CO2 emissions through the SSP1-2.6 scenario and an increase in monthly average precipitation values from 2021 to 2040 which vary overall between 0 and 376.5 mm. Also, during the projected period (2021-2040), rainfall regime of Congo-Brazzaville remains bimodal with seasonal alternation. These results agree with the main conclusions of research works that focused on the sub-region (Zou-Massengo J. C., 2020) which show that the organization of monthly precipitation in this region translates into bimodal rainfall regimes and by an increase in rainfall quantity in certain rainfall stations.
Conclusion
This study aims to analyze projections of climate deteriorations and monthly precipitation in a developing country between 2021 and 2040. Results obtained indicate an upward evolution of precipitation from the year 2016. This evolution will slow down from the 2070s and continue its evolution until 2100. In Congo-Brazzaville, monthly average precipitation values from 2021 to 2040 vary between 0 and 376.5 mm. In terms of future prospects, our study focuses on adaptation strategies of Congolese populations in face of climate change.
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