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[bookmark: _Ref155192086]Table 1: List of surface runoff measurement and simulation sites and measurement periods collected from published literature for the calibration and validation of the water balance model. 
	Measurement site 
	Lat (° N)
	Lon (° E)
	Measurement periods 
	Reference

	Maybar
	11.02
	39.67
	1982-1993 
	1 2

	Hunde lafto
	9.07
	41.00
	1983-1993 
	

	Andit Tid
	9.80
	39.72
	1982-1992 
	

	Gununo
	6.92
	37.65
	1985-1993 
	

	Anjeni
	10.81
	37.57
	1985-1993 
	

	Dendi
	9.13
	37.12
	2007-2009 
	3

	Holeta
	9.07
	38.48
	2009-2010
	4

	Debre Mawi
	11.33
	37.43
	2008-2009 
	5

	Chefe donsa
	8.96
	39.11
	2001-2002 
	6

	Dera
	8.36
	39.34
	2004 
	7

	Yeku
	12.52
	39.07
	2003 
	8

	Guder
	8.95
	37.75
	2003 
	9

	Dodota
	11.50
	39.92
	1994-2000 
	10

	Keleta
	8.12
	39.46
	1981, 1990 
	11

	Suluh
	13.80
	39.50
	1992-2003 
	12

	Hare
	6.25
	37.55
	1990-1999 
	13

	Bilate
	7.50
	37.94
	1990-1999 
	

	Hagere Selam
	13.65
	39.17
	2003-2004 
	14

	Adigudem
	13.233
	39.53
	2005-2007 
	15

	Jigjiga
	9.47
	42.63
	2004-2005 
	16

	Gum Selasa
	13.25
	39.53
	2005-2007 
	17

	Maileba
	13.23333
	39.25
	2007
	17

	Melkasa
	8.43
	39.31
	2004 
	18

	May zeg zeg
	13.65
	39.16667
	2005-2010 
	19

	Giba
	13.49
	39.50333
	2004-2009
	20

	Haramaya
	9.418
	41.037
	2000-2001
	21

	Mettu
	8.334
	35.537
	1981-1998
	22

	Jeldu
	9.371
	37.975
	1981-2010
	23

	Gumera
	11.7833
	37.65
	1981-2010
	24

	Guder-ARS
	11
	36.9
	1981-2010
	24

	Kulumsa
	8.0833
	39.1717
	1987-2010
	25

	Kizin
	11.733
	37.65
	1981-2010
	26

	Wonzima
	11.74
	37.675
	1981-2010
	26

	Samet
	10.116
	39.879
	1990-2013
	27

	Shambu
	9.568
	37.077
	1996-2010
	28

	Ketar
	7.681
	39.27
	1981-2010
	29

	Daleti-Odagodere
	10.25
	35
	1981-2010
	30

	Erer Gudda
	9.4333
	42.1267
	1984-1995
	31

	Mieso
	9.23
	40.8
	2003-2004
	32



Table 2: List of soil moisture measurements sites collected from published literature across the rainfed agricultural region of Ethiopia
	Experimental site
	Lat (°N)
	Lon (°E)
	Years of measurement
	Reference

	Delanta
	11.583
	39.200
	2005
	33

	North Wollo
	11.840
	39.731
	2003-2004
	34

	Melkawoba
	8.383
	39.367
	2005
	35

	Bishoftu
	8.733
	38.967
	1986
	36

	Koga
	11.300
	37.150
	2009
	37

	Chefe donsa
	8.950
	39.100
	1999,2002
	38

	Ginchi
	9
	38
	2002
	39

	Zequala
	13.164
	38.5
	2009-2010
	40

	Abergelle
	13.0285
	38.9765
	2010
	40

	Tero Jemjem
	9.0180
	38.219
	1996-1999
	41

	Haramaya
	9.3686
	42.0127
	1999
	42

	Melka Jebdu
	9.610082
	41.77584
	2000
	43

	Bale mountains NP
	6.75
	39.75
	2005
	44




Table 3: List of soil drainage evaluation field trial sites used to develop the empirical model (Figure 5 of the manuscript) for assessing the effectiveness of soil drainage in mitigating waterlogging across the rainfed agricultural region of Ethiopia
	Experimental site
	Lat (°N)
	Lon (°E)
	Years of measurement
	Reference

	Akaki
	8.867
	38.784
	1988, 1990
	45,46

	Bishoftu
	8.693
	39.055
	1986-1988, 1990, 1998
	45–48

	Ginchi
	9.018
	38.219
	2000-2001
	18

	Enewari
	9.916
	39.169
	1986-1987
	45,47,49

	Dogolo
	10.431
	39.270
	1986-1988
	45

	Dejen
	10.209
	38.133
	1987, 1989
	45,49

	Wereilu
	10.595
	39.418
	1986
	47

	Bahir Dar
	11.550
	37.340
	2007
	49

	Bichena
	10.444
	38.188
	1997
	49

	Delanta
	11.583
	39.200
	2006
	50

	Chefe donsa
	8.95
	39.1
	1997, 2000-2003
	51

	Kotu
	9.531
	39.466
	1996-1997
	52

	Yilmana
	11.5
	37.333
	2007
	53

	Sinana
	10.281
	39.161
	2017-2018
	54

	Lume
	8.586
	39.170
	2022
	55

	Sheno
	9.354
	39.302
	1987
	47
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Figure 1: Climatological mean monthly root zone oxygen deficit (ROD) across the rainfed agricultural region of Ethiopia, calculated for the reference period 1981-2010 .
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Figure 2: Relative yield  (Y/Ymax) of nine crops under different climatic regimes (represented by mean annual rainfall). Y/Ymax without waterlogging effect was computed using the FAO crop water productivity function 56: 1-Ky(1-ETa/ETo), where Ky is crop-specific yield response factor obtained from 57, Y/Ymax with waterlogging effect was determined by subtracting the estimated waterlogging-induced yield loss from the non-waterlogged yield. The color gradient of the dots represents the aridity index of each grid cell. Each point corresponds to a 5 km x 5 km grid cell. Mean annual rainfall climatology (1981–2010) was obtained from CHIRPS.
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Figure 3: Spatio-temporal variability of yield losses under waterlogging. a) Heatmap of coefficients of variation (CV) of annual crop yield, losses under extreme, high, moderate, and low waterlogging conditions across the RFA region of Ethiopia. The color gradients represent the CV values. b) Box charts showing the interannual variability in the proportion of waterlogging-prone areas (%) classified as experiencing extreme, high, moderate, and low waterlogging conditions across the RFA region of Ethiopia during the period 1981–2010.

[image: A diagram of a process

AI-generated content may be incorrect.]
Figure 4: Agrohydrological analysis framework. CN: Curve Number, NEH: US Department of Agriculture National Engineering Handbook, ETa: actual evapotranspiration, RO: runoff, Dp: deep percolation
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Figure 5: Conceptual representations of soil moisture and Curve number regimes. a) Soil moisture constants and regimes. b) Adjustment pattern for daily change in CN with antecedent moisture condition
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Figure 6: Effect of soil temperature. Yield responses of nine crops to mean annual soil temperature across the rainfed agricultural (RFA) region of Ethiopia. Each data point represents the zone-averaged yield for an administrative zone. The color gradient indicates average root-zone oxygen deficit. Pink circles represent the sampled high yield response (HYR) data used to define the model (purple line). The purple shade indicates the 5–95 percentile uncertainty band based on a leave-one-out uncertainty analysis. The blue dashed line marks the threshold soil temperature above which yield decreases.
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Figure 7: Field trial data and regression model of yield gains under improved soil drainage. a) Comparison of wheat yield under well-drained and undrained Vertisols at 16 field trial locations (shown in the inset map), based on published field trial data. b) linear regression model showing yield gains from improved soil drainage at the field trial sites under varying waterlogging intensity levels
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