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Abstract
This study investigates the influence of climate change on meteorological drought patterns in Africa using CMIP5-based GCM-RCM ensembles under RCP4.5 and RCP8.5 scenarios. Bias-corrected daily temperature and precipitation data (via CMhyd) and DrinC drought indices were employed to characterize drought dynamics. The HBV Light hydrological model was calibrated (1991–2010) and validated (2011 to 2020), yielding strong performance (R²=0.88/0.86; NSE = 0.77/0.83). Results indicate a decline in mean annual discharge (1.6–3.5% under RCP4.5; 4.6 to 4.9% under RCP8.5), while Belg season flows increased by ~39–40% in the 2020s and ~38–39% in the 2050s, reflecting altered precipitation patterns. These findings support early warning systems and inform adaptation strategies. Recommended measures include soil and water conservation, drought-tolerant crops, and water harvesting. Future research should integrate wet day frequency to improve drought prediction under evolving climate conditions.
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Introduction
Extreme rainfall events that occur when there is a lack of precipitation cause drought. According to the IPCC's Fourth Assessment Report (AR4), drought is defined as a long-term absence or significant deficiency of precipitation (Trenberth et al., 2013). Depending on how much anthropogenic greenhouse gases (GHG) are released into the atmosphere over the next few decades, the IPCC predicts that global surface temperatures could rise by 1-2°C by 2050 and by 2-5°C by the end of the twenty-first century. The IPCC has stated that human-induced changes are most likely to be the cause of the observed changes (IPCC, 2007a; 2014). Ethiopia is primarily described as a country with considerable precipitation variability that is arid and semi-arid (Negash et al., 2020; Kourouma et al. 2021; Eze et al. 2022). Ethiopia has seen several types of droughts over the last 57 years, varying in length and intensity. The years 1965, 1969, 1973, 1983, 1987, 1989, 1997, 1998, 1999, 2003, 2005, 2008, 2009, 2012, and 2015 were designated as drought-stricken years by (Degefu 1987; Quinn et al. 1987; Nicholls 1993; Webb and von Braun 1994; Ayalew 1996; Gebrehiwot et al. 2011; Tagel et al. 2011; Masih et al. 2014; Manpreet 2018; Bisrat and Berhanu 2019). Thirteen of the 30 historical drought occurrences that have affected the country in the last century were severe enough to affect the entire country. (McCann 1995; Gebrehiwot et al. 2011). Ethiopia has experienced drought at least once every ten years since 1970. Due to the El Nino phenomenon, drought has become more severe and frequent nationwide in recent decades, occurring about every three to five years. (Margaret 2003; Qu et al. 2019)
Some research studies have mentioned the impact of global warming on changes in drought (Trenberth et al., 2013; Dai, 2012). Drought is frequently divided into different categories: agricultural, hydrological, and meteorological. A period of months to years with precipitation below normal or a prolonged period of no precipitation in a region is known as a meteorological drought. It is usually accompanied by high temperatures, strong winds, and low humidity, all of which can raise potential evapotranspiration and is known as a meteorological drought (Raghavan and Liong, 2015, Muse et al., 2023). To evaluate the meteorological drought, we utilize the Standardized Precipitation Index (SPI), one of the primary drought indices. The benefit of employing SPI (Vu, Raghavan, and Liong, 2015) is that it just requires precipitation data as input, which makes it perfect for places like the research region of this paper where data collection of other meteorological parameters may not be possible. Due to its ease of adaptation to local climate, low data needs, and flexibility to be calculated at nearly any period, the SPI is regarded as the most suitable indicator for tracking drought variations (Ntale and Gan, 2003). SPI is suggested to be used as a universal meteorological drought index for more effective drought monitoring and climate risk management (WMO, 2009). Global Climate Models (GCMs) at very small or large scales have been used in earlier research evaluating the effects of climate change on Ethiopia. Particularly for areas lacking a meteorological station, these GCMs offer decision-makers very little useful information regarding the specific impacts and spatial extent of meteorological drought, climatic variability, and change. (Prudhomme et al. 2014; Georeactors et al. 2019; 2020; Haile et al. 2020; Hirko et al. 2021). One of the issues impeding efforts to accurately and confidently forecast or predict catastrophic climatic phenomena in many parts of Africa, including Ethiopia, is the paucity of data resulting from the uneven deployment of meteorological stations around the nation.
Materials and Methods
Description of the Study Area
The Dawa River watershed lies between 380 2' 48' and 410 2' 34''E and between 40 5'8'' and 60 27' 18''N (Fig.1). It is situated 567 kilometers southwest of Addis Ababa and comprises part of Ethiopia's southeast highlands. [image: ]
Figure 1: Location Map of the Study area (Source: Ethiopian Geospatial Map, 2016)
Climate and Topographic Data
The National Meteorological Institute states that the climate of the Dawa River Basin is primarily sub-tropical and tropical agro-climatic, with temperatures between 150 and 28.80 degrees Celsius and rainfall between 600 and 1250 millimeters. The DEM was utilized to offer a range of data that aided in creating a map of the landforms, soil types, and hydrologic information to study the catchment-drainage networks. The research areas' terrain is usually shown by a 12.5 m by 12.5 m digital elevation model
[image: ]
Figure 2: Digital elevation model of Dawa Sub-watershed
Methodology for Gathering and Preparing Data
The simulation of the HBV model is validated and calibrated using the streamflow data. Melka Guba station supplied daily streamflow data for the Dawa sub-basin from the Ministry of Water and Energy (MoWE). The FAO 2016 provided the land use and land cover photos used in this study, while the Harmonized World Soil Database (HWSD) provided the soil data. According to LULC data, ArcGIS Version 10 covers and classifies areas with trees, bushes, grassland, crops, aquatic vegetation or flooded areas, lichen mosses or sparse vegetation, bare areas, built-up areas, and water bodies.
[image: ]
             Figure 3. A. Land use land cover (2016)                 B. Soil type
Table 1. The distribution of LULC and soil types in terms of area
	LULC
	Soil 

	 LULC type
	Area (ha)
	Area (%)
	Soil type
	Area (ha)
	Area (%)

	Tree cover areas
	10112
	4.3
	Chromic Cambisols
	98032
	41.5

	Shrubs cover areas
	86543
	36.7
	Chromic Luvisols
	85854
	36.3

	Grassland
	110428
	46.9
	Lithic Leptosols
	24630
	10.4

	Cropland
	24863
	10.6
	Eutric Vertisols
	17408
	7.4

	Aquatic vegetation/ flooded
	4.6
	0.00
	Eutric Leptosols
	10506
	4.4

	Lichen mosses/sparse vegetation
	63
	0.03
	
	
	

	Bare areas
	3518
	1.5
	
	
	

	Build up areas
	204
	0.1
	
	
	

	Waterbody
	30
	0.01
	
	
	


Standardized Precipitation Index Methods 
McKee (1993) initially presented the SPI through an analysis of past monthly precipitation. A time scale of period 'i' months (i = 3, 6, 12, 24, 48) is determined by selecting a set of average periods based on a moving window. The normal-SPI, log-SPI, and gamma-SPI Standardized Precipitation Index methods are widely used to assess the severity of meteorological drought. Long-term precipitation patterns Mishra and Singh, 2010 can be utilized to compute the Mckee et al, 1993. Each index has the same classification, as shown in Table 2, where dry times are indicated by negative SPI values and wet periods are indicated by positive SPI values Cacciamani et al., 2007.
[bookmark: _Hlk196388275][bookmark: _Hlk196388327]Table 2. Category of Drought according to SPI Values (McKee et al., 1993, Raghavan et al., 2015)
	[bookmark: _Hlk196388385]SPI Values
	Drought Category

	0 to -0.99
	Mild drought

	-1 to -1.49
	Moderate drought

	-1.5 to -1.99
	Severe drought

	≤ -2
	Extreme drought


[bookmark: _Hlk209685532]Meteorological Drought Indicators Selection
Meteorological drought indicators are typically based on precipitation, temperature, and evapotranspiration data. Their selection depends on:
· Data availability and quality 
· Climatic characteristics of the region
· Temporal scale (monthly, seasonal, annual)
· Sensitivity to drought onset and recovery
· Ease of interpretation for stakeholders and decision-makers
The Palmer Drought Severity Index (PDSI), Palmer Z-Index, Standardized Precipitation Index (SPI), Standardized Precipitation and Evapotranspiration Index (SPEI), Effective Drought Index, and deciles are a few examples of meteorological drought indexes. In our study, we employed the Standardized Precipitation Index (SPI) due to its reliance on readily available precipitation data and its straightforward computational approach, making it one of the most practical and widely used methods for drought assessment.
Results and Discussions
Meteorological Drought Characterizations Using Standard Precipitation Index
A meteorological drought analysis was conducted in the Dawa River watershed at Malka Guba, which was found in the Genale Dawa River basin using SPI from Yabello meteorological stations from 1991 to 2020. Most often, a short time range is taken into consideration for meteorological drought study via SPI-6, SPI-9 and SPI-12 (Tareke, 2022a). However, for areas lacking hydrological data (streamflow), SPI-12 and above are used for hydrological drought analysis. However, in this study, SPI-6, SPI-9 and SPI-12 for monitoring meteorological droughts, and the results showed that the severity of the drought rose as the time scale increased from SPI-6, SPI-9 to SPI-12, and the frequency of occurrence increased over a long-time scale analysis.
The estimated SPI values were grouped according to the types of drought, as shown in Appendix Table 16. The number of total drought occurrences computed at 6, 9, and 12-month timescales (Feb to May) in the main rainfall season (Belg) with weak, moderate, severe, and extreme drought accounted for more than 50% in Figure 31. However, as can be seen from the SPI data, they were of different magnitude classes. Extreme droughts ranged from -2.06 to -3.07 for 6 months, -2.02 to -2.54 for 9 months, and -2.4 to -2.78 for 12 months for various months, respectively, in 1991, 1993, 1994, and 1999 at Yabello station. In the years 1991, 1994, 1999, 2000, 2001, 2008, 2011, 2016, 2017 and 2019, severe drought was noted for 6-month periods with SPI values between -1.5 and -1.83, 9-month periods with SPI values between -1.5 and -1.93, and 12-month periods with SPI values between -1.49 and -1.97 for each of those years. This is consistent with a recent discovery made by Habtamu (2019). Because it is a reliable indication for such climatic zones, ongoing and persistent drought monitoring is therefore necessary to establish when droughts start and end (WMO, 2012).
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[bookmark: _Hlk196388554]Figure 4:  Meteorological drought time series in the Dawa watershed using SPI
Meteorological drought Characterizations
Table 3. Characterization of drought type and its monthly SPI -6 Months
	[bookmark: _Hlk196395114]Drought
Extreme
	Year
	Month
	SDI

	
	1991
1993
1994
1999
	4-7
11-12
1-2
9
	-2.43, -2.06, -2.16, -2.2,
 -2.09, -2.19
 -2.21, -2.13
-3.07

	
Severe
	1991
	8
	-1.85

	
	1992
	3, 9
	-1.56, -1.7

	
	1994
	3
	-1.73

	
	1999
	10
	-1.76

	
	2000
	4,7, 8
	-1.53, -1.57, -1.59

	
	2001
	9, 10
	-1.59, -1.73

	
	2008
	9
	-1.54

	
	2011
	4
	-1.5

	
	2016
	10
	-1.58

	
	2017
	5-8
	-1.59, -1.83, -1.7, -1.63

	
	2019
	4
	-1.58

	


Moderate
	1991
	4
	-1

	
	1992
	3, 4
	-1.44, -1

	
	1993
	3, 9, 12
	-1.42, -1.14, -1.34

	
	1994
	1, 2
	-1.34, -1.26

	
	1995
	8, 10-12
	-1.2, -1.01, -1.23, -1.22

	
	1996
	1, 10
	-1.07, -1.21

	
	1998
	11-12
	 -1.21, -1.22 

	
	1999
	1, 2, 5-8, 11
	 -1.34, -1.46, -1.06, -1.28, -1.27, 1.26, -1.08

	
	2000
	1-3, 5, 6, 9, 10
	-1.01, -1.01, -1.29, -1.31, -1.48, -1, -1.05

	
	2001
	7,8, 11
	 -1.18, -1.11, -1.01, -1.01

	
	2003
	11
	-1.17

	
	2006
	6-9
	 -1.09, -1.11, -1.37, -1.39,

	
	2008
	5-8
	 -1.4, -1.36, -1.3, -1.2

	
	2010
	11, 12
	-1.28, -1.14

	
	2011
	1-3, 5-8
	-1.24, -.1.2, -1.46, -1.18, -1.22, -1.06, -1.13

	
	2014
	5-7
	-1.11, -1.27, -1.3

	
	2016
	12
	-1.24

	
	2017
	1, 2, 4
	-1.24, -1.03, -1.35

	
	2018
	10-12
	-1.14, -1.4, -1.27

	
	2019
	1-3, 5
	-1.24, -1.2, -1.3, -1.44

	Normal
	All the rest months 
	
	



Table 4. Characterization of drought type and its monthly SPI -9 Months
	Drought
Extreme
	Year
	Month
	                   SPI

	
	1991
1994
1999
	8, 10
2, 3
12
	                -2.05, -2.02,
                -2.25, -2.16
                -2.54

	
Severe
	1991
1992
1994
1999
2000
2001
2002
2008
2011
2017
2019
	4-7, 9, 11
3
11, 12
9
1, 7-10
12
1
9
4-6
4-6, 8
2-5
	-1.58, -1.69, -1.87, -1.93, -1.93, -1.77
-1.55
-1.64, -1.91
-1.5
-1.93, -1.81, -1.66, -1.73, -1.58
-1.7
-1.68
-1.55
-1.53, -1.55, -1.55
-1.87, -1.57, -1.68, -1.67
-1.51, -1.63, -1.7, -1.51

	


Moderate
	1991
1992
1993
1994
1998
1999
2000
2001
2006
2008
2011
2017
2018
2019                                                                                 
	3, 12
2, 5, 6
10
1, 4, 10
10-12
1, 2, 5-7
2-6, 11
10, 11
7-9
5-8
2, 3, 7-10
1, 3, 7, 9
10-12
1-3, 5
	-1.06, -1.32
-1.08, -1.08, -1.15
-1.26
-1.14, -1.36, -1.06
-1.11, -1.46, -1.07
-1.21, -1.44, -1.36, -1.39, -1.48
-1.24, -1.37, -1.42, -1.31, -1.39, -1.38
-1.32, -1.42
-1.07, -1.08, -1.27
-1.03, -1.15, -1.17, -1.34
-1.15, -1.24, -1.36, -1.08, -1.2, --1.14, -1.4, -1.27
-1.24, -1.2, -1.3, -1.44

	Normal
	All the rest months
	
	



Table 5. Characterization of drought type and its monthly SPI -12 Months
	Drought
Extreme
	Year
	Month
	SDI

	
	1991
1993
1994
1999
	4-7
11-12
1-2
9
	-2.43, -2.06, -2.16, -2.2,
 -2.09, -2.19
 -2.21, -2.13
-3.07

	
Severe
	1991
	8
	-1.85

	
	1992
	3, 9
	-1.56, -1.7

	
	1994
	3
	-1.73

	
	1999
	10
	-1.76

	
	2000
	4,7, 8
	-1.53, -1.57, -1.59

	
	2001
	9, 10
	-1.59, -1.73

	
	2008
	9
	-1.54

	
	2011
	4
	-1.5

	
	2016
	10
	-1.58

	
	2017
	5-8
	-1.59, -1.83, -1.7, -1.63

	
	2019
	4
	-1.58

	


Moderate
	1991
	4
	-1

	
	1992
	3, 4
	-1.44, -1

	
	1993
	3, 9, 12
	-1.42, -1.14, -1.34

	
	1994
	1, 2
	-1.34, -1.26

	
	1995
	8, 10-12
	-1.2, -1.01, -1.23, -1.22

	
	1996
	1, 10
	-1.07, -1.21

	
	1998
	11-12
	 -1.21, -1.22 

	
	1999
	1, 2, 5-8, 11
	 -1.34, -1.46, -1.06, -1.28, -1.27, 1.26, -1.08

	
	2000
	1-3, 5, 6, 9, 10
	-1.01, -1.01, -1.29, -1.31, -1.48, -1, -1.05

	
	2001
	7,8, 11
	 -1.18, -1.11, -1.01, -1.01

	
	2003
	11
	-1.17

	
	2006
	6-9
	 -1.09, -1.11, -1.37, -1.39,

	
	2008
	5-8
	 -1.4, -1.36, -1.3, -1.2

	
	2010
	11, 12
	-1.28, -1.14

	
	2011
	1-3, 5-8
	-1.24, -.1.2, -1.46, -1.18, -1.22, -1.06, -1.13

	
	2014
	5-7
	-1.11, -1.27, -1.3

	
	2016
	12
	-1.24

	
	2017
	1, 2, 4
	-1.24, -1.03, -1.35

	
	2018
	10-12
	-1.14, -1.4, -1.27

	
	2019
	1-3, 5
	-1.24, -1.2, -1.3, -1.44

	Normal
	All the rest months 
	
	



Conclusion 
Climate change has significantly altered meteorological drought patterns in the Dawa Sub-watershed, intensifying both the frequency and severity of drought events. These changes are closely linked to rising temperatures and erratic rainfall patterns, as confirmed by recent studies using indices like SPI and SPEI. The region has experienced prolonged dry spells and shifting seasonal rainfall, which threaten water availability, agricultural productivity, and local livelihoods.
Recommendation
To mitigate the adverse effects of climate-induced drought in the Dawa Sub-watershed, the following actions are recommended:
· Implement climate-resilient water management strategies, such as rainwater harvesting, small-scale irrigation, and groundwater recharge systems, to buffer against rainfall variability.
· Strengthen early warning systems by integrating meteorological drought indices with local knowledge to provide timely alerts and guide preparedness.
· Promote drought-tolerant crop varieties and adaptive farming practices, including conservation agriculture and agroforestry, to enhance agricultural resilience.
· Enhance climate monitoring and research capacity in the Genale Dawa Basin to support localized climate modeling, scenario analysis, and policy development.
· Foster community-based adaptation planning, ensuring that local stakeholders are engaged in designing and implementing drought mitigation strategies.
· Integrate climate change adaptation into regional development plans, aligning water, agriculture, and disaster risk management policies with long-term climate projections.
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SPI-6	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-0.32580285700467998	-0.344042615686727	-0.36228237436877397	-0.380522133050821	0.5731927752494812	0.35435706377029419	-0.27539965510368347	0.29595190286636353	-1.2573795318603516	-0.43863531947135925	-0.63170742988586426	0.79981893301010132	0.91539138555526733	1.4389684200285999	0.81727731227874756	-1.0472469329833984	-0.19500978291034698	-1.3596724271774292	0.33525335788726807	1.57308101654052	-1.2065842151641846	-0.40998727083206177	-8.7504357099533081E-2	-1.261121392250061	-0.27737876772880554	-0.34633216857910198	-0.24560449123382599	-0.14487681388855	-4.4149136543273799E-2	5.6578540802002197E-2	SPI-9	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-0.118960696807275	-0.124085450907548	-0.12921020500782199	-0.13433495910809601	0.60345584154129028	0.75302833318710327	-0.5088202953338623	5.0581954419612885E-2	-1.4040292501449585	-0.72588121891021729	-0.6743243932723999	0.77087116241455078	0.76467126607894897	1.3347793102264001	0.49554067850112915	-1.1439217329025269	0.25547558069229126	-1.4739360809326172	0.28763717412948608	1.56758379936218	-1.0604422092437744	-0.59136408567428589	0.28426042199134827	-0.3842112123966217	-0.65192580223083496	-0.17348087131977	-7.1062302589416398E-2	3.1356266140937603E-2	0.13377483487129199	0.23619340360164701	SPI-12	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	0.23687309093200301	0.25275325481453498	0.26863341869706803	0.28451358257960102	-7.2024427354335785E-2	7.0328652858734131E-2	1.3969299793243408	-0.86190319061279297	-1.9297592639923096	-1.3807624578475952	-1.5290478467941284	1.0846830606460571	5.7176627218723297E-2	1.7985732555389404	0.11689483374357224	-1.6334064304828644E-2	-0.39513683319091797	0.3340071439743042	1.3738417625427246	1.4145020246505737	-0.4816724956035614	-0.86020803451538086	0.65323394536972046	-0.54308116436004639	-0.23070436716079712	-4.6767485141753697E-2	3.5138827562332303E-2	0.117045140266418	0.19895145297050401	0.28085776567459098	Year
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