

Supplementary data 

Table S1 Agro-ecological clusters' land covers in 1000 sq.km2.
	Cluster number - colour
	Built-up land
	Harvested area
	Grassland
	Forest
	Water bodies
	Other

	1 - violet
	1.28
	70.27
	219
	41.34
	8.6
	99.18

	2 - blue
	0.56
	33.39
	118.68
	2.75
	1.52
	33.95

	3 - green
	0.71
	53.50
	29.35
	68.94
	2.1
	87.96

	4 - yellow
	0.78
	0
	161.83
	0
	2.07
	103.35



Table S2 Groundwater recharge modelled values
	Cluster 
	Environment
	Recharge fraction (% of precipitation)
	Modelled value
	References

	1 
	cool/humid and subhumid; Wet/highland, high infiltration 
	18% –30%
	24%
	(Abebe et al., 2022; Nigate et al., 2020)

	2 
	Sub-humid / mid-elevation/semi-arid
	10% – 15%
	12.5%
	(Dereje and Nedaw, 2019; Tadesse and Jothimani, 2024)

	3 
	Warm/ Semi-arid 
	7% – 10%
	7%
	(Gebru and Tesfahunegn, 2019; Meresa and Taye, 2019)

	4 
	Arid / lowland drylands
	1% – 2%
	1.50%
	(Scanlon et al., 2006)














Table S3 Percentage deviation of precipitation from historical values.
Historical seasonal precipitation for the time interval 1981-2010 as a sum of average recorded precipitation from May to September (wet season) and October to April (dry season). Projected precipitation patterns for RCP4.5 and RCP8.5 were taken from the GFDL - ESM4 climate model and represent the average seasonal precipitation for the time interval 2011-2040. The percentage deviation was calculated as the difference between the projected climate change scenario value and historical value.      
	Cluster and scenario
	Wet season

	Dry season 

	1 - RCP4.5
	2.81
	-2.25

	2 - RCP4.5
	5.48
	-2.5

	3 - RCP4.5
	-0.21
	-0.53

	4 - RCP4.5
	20.58
	-4.53

	1-RCP8.5
	5.52
	-6.9

	2-RCP8-5
	7.38
	-8.94

	3-RCP8-5
	2.17
	-6.93

	4-RCP8-5
	18.74
	-10.52













Table S4 Variation in water needed for irrigation in RCP8.5 – cluster 3

	Crop
	Type
	RCP8.5 - Historical
	RCP8.5 - RCP4.5

	Sorghum
	Low irrigated
	38%
	25%

	Sorghum
	High irrigated
	40%
	24%

	Coffee
	Low irrigated
	64%
	45%

	Coffee
	High irrigated
	110%
	80%

	Wheat
	Low irrigated
	0%
	5%

	Wheat
	High irrigated
	-14%
	-1%

	Cereals
	Low irrigated
	29%
	16%

	Cereals
	High irrigated
	31%
	14%

	Barleys
	Low irrigated
	0%
	6%

	Barleys
	High irrigated
	-14%
	0%

	Maize
	Low irrigated
	38%
	26%

	Maize
	High irrigated
	51%
	25%




Table S5 Comparison across scenarios with (“Seasons”) and without (“NoSeasons”) seasonal hydrological variability
	
	Seasons
	NoSeasons
	Variation of Seasons with respect to NoSeasons scenarios

	Scenario
	Area under high mechanization (1000 sq.km)
	Area under irrigation (1000 sq.km)
	Area under high mechanization (1000 sq.km)
	Area under irrigation (1000 sq.km)
	Area under high mechanization (1000 sq.km)
	Area under irrigation (1000 sq.km)

	Baseline
	41.1564
	21.7164
	40.991
	21.6141
	0.4%
	0.5%

	RCP4.5
	20.7129
	9.7573
	20.3089
	9.336
	2.0%
	4.5%

	RCP8.5
	20.7887
	9.1141
	17.7103
	5.5621
	17.4%
	63.9%

	RCP4.5_IRR
	55.58
	42.3281
	55.5035
	42.2277
	0.1%
	0.2%

	RCP8.5_IRR
	56.2207
	40.7301
	55.0054
	38.9045
	2.2%
	4.7%







Table S6 Potential crop yield for each scenario in Mton/103km2 across farming types and clusters.
	Crop
	Type
	Cluster
	Baseline
	RCP45
	RCP85

	Sorghum
	Low Irrigated
	1
	0.252871
	0.254
	0.262

	Sorghum
	High Rainfed
	1
	0.645671
	0.55
	0.707

	Sorghum
	Low Rainfed
	1
	0.284771
	0.285
	0.292

	Sorghum
	High Rainfed
	1
	0.829871
	0.585
	0.751

	Coffee
	Low Irrigated
	1
	0.066746
	0.067
	0.062

	Coffee
	High Irrigated
	1
	0.261646
	0.203
	0.257

	Wheat
	Low Rainfed
	1
	0.263645
	0.403
	0.331

	Wheat
	High Rainfed
	1
	0.568445
	0.882
	0.629

	Wheat
	Low Irrigated
	1
	0.273445
	0.273
	0.341

	Wheat
	High Irrigated
	1
	0.645545
	0.891
	0.672

	Cereals
	Low Rainfed
	1
	0.213212
	0.1
	0.217

	Cereals
	High Rainfed
	1
	0.486912
	0.363
	0.501

	Cereals
	Low Irrigated
	1
	0.227412
	0.227
	0.233

	Cereals
	High Irrigated
	1
	0.568012
	0.381
	0.521

	Barley
	Low Rainfed
	1
	0.222212
	0.389
	0.3

	Barley
	High Rainfed
	1
	0.528512
	0.907
	0.596

	Barley
	Low Irrigated
	1
	0.271512
	0.272
	0.36

	Barley
	High Irrigated
	1
	0.597212
	0.895
	0.632

	Maize
	Low Rainfed
	1
	0.409313
	0.361
	0.397

	Maize
	High Rainfed
	1
	0.905813
	0.949
	1.064

	Maize
	Low Irrigated
	1
	0.472613
	0.473
	0.466

	Maize
	High Irrigated
	1
	1.233813
	1.081
	1.164

	Sorghum
	Low Irrigated
	2
	0.225371
	0.293
	0.241

	Sorghum
	High Rainfed
	2
	0.623071
	0.908
	0.747

	Sorghum
	Low Rainfed
	2
	0.310171
	0.31
	0.289

	Sorghum
	High Rainfed
	2
	0.960171
	0.977
	0.862

	Coffee
	Low Irrigated
	2
	0.032446
	0.032
	0.044

	Coffee
	High Irrigated
	2
	0.269346
	0.278
	0.259

	Wheat
	Low Rainfed
	2
	0.163645
	0.9
	0.366

	Wheat
	High Rainfed
	2
	0.188945
	1.298
	0.245

	Wheat
	Low Irrigated
	2
	0.185345
	0.185
	0.28

	Wheat
	High Irrigated
	2
	0.307245
	0.767
	0.172

	Cereals
	Low Rainfed
	2
	0.147112
	0.313
	0.313

	Cereals
	High Rainfed
	2
	0.358212
	0.565
	0.565

	Cereals
	Low Irrigated
	2
	0.169612
	0.17
	0.17

	Cereals
	High Irrigated
	2
	0.486212
	0.578
	0.578

	Barley
	Low Rainfed
	2
	0.197112
	1.349
	1.349

	Barley
	High Rainfed
	2
	0.197312
	1.637
	1.637

	Barley
	Low Irrigated
	2
	0.197112
	0.197
	0.197

	Barley
	High Irrigated
	2
	0.287912
	0.791
	0.791

	Maize
	Low Rainfed
	2
	0.312813
	0.475
	0.475

	Maize
	High Rainfed
	2
	0.629413
	1.249
	1.249

	Maize
	Low Irrigated
	2
	0.490113
	0.49
	0.49

	Maize
	High Irrigated
	2
	1.274413
	1.327
	1.327

	Sorghum
	Low Irrigated
	3
	0.252271
	0.204
	0.052

	Sorghum
	High Rainfed
	3
	0.455071
	0.683
	0.258

	Sorghum
	Low Rainfed
	3
	0.267671
	0.268
	0.352

	Sorghum
	High Rainfed
	3
	0.556471
	0.814
	1.055

	Coffee
	Low Irrigated
	3
	0.039446
	0.039
	0.039

	Coffee
	High Irrigated
	3
	0.168146
	0.253
	0.253

	Wheat
	Low Rainfed
	3
	0.331945
	0.094
	0.094

	Wheat
	High Rainfed
	3
	0.881945
	0.111
	0.111

	Wheat
	Low Irrigated
	3
	0.340545
	0.341
	0.341

	Wheat
	High Irrigated
	3
	0.938245
	0.141
	0.141

	Cereals
	Low Rainfed
	3
	0.130212
	0.181
	0.181

	Cereals
	High Rainfed
	3
	0.199412
	0.429
	0.429

	Cereals
	Low Irrigated
	3
	0.136712
	0.137
	0.137

	Cereals
	High Irrigated
	3
	0.263112
	0.435
	0.435

	Barley
	Low Rainfed
	3
	0.208812
	0.049
	0.049

	Barley
	High Rainfed
	3
	0.864912
	0.094
	0.094

	Barley
	Low Irrigated
	3
	0.344712
	0.345
	0.345

	Barley
	High Irrigated
	3
	0.905812
	0.118
	0.118

	Maize
	Low Rainfed
	3
	0.369513
	0.346
	0.346

	Maize
	High Rainfed
	3
	0.774913
	0.869
	0.869

	Maize
	Low Irrigated
	3
	0.411713
	0.412
	0.412

	Maize
	High Irrigated
	3
	1.067613
	1.129
	1.129

	Sorghum
	Low Rainfed
	4
	0.112271
	0.145
	0.1534

	Sorghum
	High Rainfed
	4
	0.209871
	0.425
	0.454

	Sorghum
	Low Irrigated
	4
	0.328471
	0.328
	0.1559

	Sorghum
	High Irrigated
	4
	1.021871
	0.992
	0.4633

	Wheat
	Low Rainfed
	4
	0.140445
	0.375
	0.2119

	Wheat
	High Rainfed
	4
	0.140245
	0
	0.7866

	Wheat
	Low Irrigated
	4
	0.172045
	0.172
	0.2194

	Wheat
	High Irrigated
	4
	0.258445
	0.073
	0.8154

	Cereals
	Low Rainfed
	4
	0.092212
	0.12
	0.004

	Cereals
	High Rainfed
	4
	0.148112
	0.313
	0.069

	Cereals
	Low Irrigated
	4
	0.170212
	0.17
	0.0044

	Cereals
	High Irrigated
	4
	0.515612
	0.505
	0.0714

	Barley
	Low Rainfed
	4
	0.166612
	0.433
	0.1912

	Barley
	High Rainfed
	4
	0.165812
	0
	0.7316

	Barley
	Low Irrigated
	4
	0.188012
	0.188
	0.197

	Barley
	High Irrigated
	4
	0.252212
	0.069
	0.7506

	Maize
	Low Rainfed
	4
	0.120213
	1.034
	0.2105

	Maize
	High Rainfed
	4
	0.122213
	2.31
	0.8037

	Maize
	Low Irrigated
	4
	0.512813
	0.513
	0.2271

	Maize
	High Irrigated
	4
	1.335913
	1.297
	0.931
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