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The indicators analysed in this study are: the annual average mean air temperature, the annual average
very hot days (maximum temperature above 35°C), the very hot nights or tropical nights per year
(minimum temperature above 25°C), the annual average precipitation, the number of days with heavy
precipitation (exceeding the 95th percentile calculated from EWEMBI for 2007) and very heavy
precipitation per year (exceeding the 99th percentile of EWEMBI in 2007) and the precipitation and

temperature in different seasons along the year considered relevant for agriculture.

Table 1: Historical temperature and projected temperature changes for Ethiopia and the four agricultural regions.
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2007
2007
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2090
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2050
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1870
2007
2007
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1870
2007
2007
2030
2050
2090
2030
2050
2090
1870
2007
2007
2030
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2090
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2050
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Temperature [°C]

22.2
23.2
23.2
23.8
241

24

24
24.8
26.8

19
20.1

20
20.7
20.9
20.9
20.8
21.8
23.9
19.5
20.4
20.3

21
21.3
21.2
21.2

22
23.9
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21.3
21.2
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221
221

23
24.8

Temperature diff. [°C]

with ref=2007

0.6
0.9
0.8
0.8
1.6
3.6

0.6
0.8
0.8
0.8
1.8
3.9

0.6
0.9
0.8
0.9
1.7
3.6

0.6
0.9
0.8
0.9
1.8
3.6

Temperature diff. [°C]

with ref=1870

1.6
1.9
1.8
1.8
2.6
4.6
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1.7
1.9
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2.8
4.9

0.9
0.8
15
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1.7
1.7
2.5
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15
1.8
1.7
1.7
2.6
4.4



Tigray
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Tigray
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Tigray
Tigray

Hist.
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Table 2: Historical precipitation and projected precipitation for Ethiopia and the four agricultural regions.
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Hist.+RCP8.5
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RCP2.6
RCP2.6
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Year

1870
2007
2007
2030
2050
2090
2030
2050
2090
1870
2007
2007
2030
2050
2090
2030
2050
2090
1870
2007
2007
2030
2050
2090
2030
2050
2090
1870
2007
2007
2030
2050
2090
2030
2050

Precipitation [mm.]

864

868

909

918

888

890

913

911
1056
1128
1137
1141
1146
1166
1152
1178
1169
1283
1092
1092
1159
1166
1115
1117
1132
1134
1309
1205
1196
1286
1278
1202
1247
1262
1236

Precipitation diff.
[mm.] with ref=2007

50
20
22

147

29
15
37
28
142

74
23
25
-27

150

82

51
-24

Precipitation diff.
[mm.] with ref=1870

45
54
24
26
49
47

192

13
18
38
24
50
41
155

67
74
23
25
40
42
217

81
73

42
57
31



1466
847
835
855
867
876
873
897
910
993

Very hot days diff.

[No.days] with
ref=2007

SNNP RCP8.5 2090

Tigray Hist. 1870

Tigray Hist.+RCP2.6 2007

Tigray Hist.+RCP8.5 2007

Tigray RCP2.6 2030

Tigray RCP2.6 2050

Tigray RCP2.6 2090

Tigray RCP8.5 2030

Tigray RCP8.5 2050

Tigray RCP8.5 2090

Table 3: Very hot days in Ethiopia and the four agricultural regions.
Region Scenario Year | Very hot days
[No.days]

Ethiopia Hist. 1870 37
Ethiopia Hist.+RCP2.6 2007 59
Ethiopia Hist.+RCP8.5 2007 55
Ethiopia RCP2.6 2030 71
Ethiopia RCP2.6 2050 75
Ethiopia RCP2.6 2090 73
Ethiopia RCP8.5 2030 75
Ethiopia RCP8.5 2050 98
Ethiopia RCP8.5 2090 149
Amhara Hist. 1870 15
Amhara Hist.+RCP2.6 2007 21
Amhara Hist.+RCP8.5 2007 20
Ambhara RCP2.6 2030 24
Amhara RCP2.6 2050 26
Ambhara RCP2.6 2090 25
Amhara RCP8.5 2030 26
Amhara RCP8.5 2050 36
Amhara RCP8.5 2090 67
Oromia Hist. 1870 5
Oromia Hist.+RCP2.6 2007 10
Oromia Hist.+RCP8.5 2007 9
Oromia RCP2.6 2030 14
Oromia RCP2.6 2050 15
Oromia RCP2.6 2090 14
Oromia RCP8.5 2030 16
Oromia RCP8.5 2050 28
Oromia RCP8.5 2090 66
SNNP Hist. 1870 19
SNNP Hist.+RCP2.6 2007 33
SNNP Hist.+RCP8.5 2007 32
SNNP RCP2.6 2030 40
SNNP RCP2.6 2050 43
SNNP RCP2.6 2090 40
SNNP RCP8.5 2030 44
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SNNP RCP8.5 2050 60 28 41

SNNP RCP8.5 2090 96 64 77

Tigray Hist. 1870 35

Tigray Hist.+RCP2.6 2007 52 17

Tigray Hist.+RCP8.5 2007 49 14

Tigray RCP2.6 2030 62 10 27

Tigray RCP2.6 2050 66 14 31

Tigray RCP2.6 2090 65 13 30

Tigray RCP8.5 2030 65 16 30

Tigray RCP8.5 2050 87 38 52

Tigray RCP8.5 2090 149 100 114
Table 4: Tropical nights in Ethiopia and the four agricultural regions.

Region Scenario Year | Tropical nights Tropical nights diff. Tropical nights diff.

[No.days] [No.days] with ref=2007 = [No.days] with
ref=1870

Ethiopia Hist. 1870 6

Ethiopia Hist.+RCP2.6 2007 1

Ethiopia Hist.+RCP8.5 2007 11

Ethiopia RCP2.6 2030 17 6

Ethiopia RCP2.6 2050 19 8

Ethiopia RCP2.6 2090 18 7

Ethiopia RCP8.5 2030 18 7

Ethiopia RCP8.5 2050 29 18

Ethiopia RCP8.5 2090 70 59

Ambhara Hist. 1870 0

Amhara Hist.+RCP2.6 2007 2

Ambhara Hist.+RCP8.5 2007 1

Amhara RCP2.6 2030 3 1

Ambhara RCP2.6 2050 3 1

Ambhara RCP2.6 2090 3 1

Amhara RCP8.5 2030 3 2

Ambhara RCP8.5 2050 6 5

Amhara RCP8.5 2090 18 17

Oromia Hist. 1870 0

Oromia Hist.+RCP2.6 2007 0

Oromia Hist.+RCP8.5 2007 0

Oromia RCP2.6 2030 1 1

Oromia RCP2.6 2050 1 1

Oromia RCP2.6 2090 1 1

Oromia RCP8.5 2030 1 1

Oromia RCP8.5 2050 2 2

Oromia RCP8.5 2090 10 10

SNNP Hist. 1870 1

SNNP Hist.+RCP2.6 2007 1

SNNP Hist.+RCP8.5 2007 1

SNNP RCP2.6 2030 3 2

SNNP RCP2.6 2050 3 2

SNNP RCP2.6 2090 3 2
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SNNP RCP8.5 2030 3
SNNP RCP8.5 2050 6
SNNP RCP8.5 2090 18
Tigray Hist. 1870 1
Tigray Hist.+RCP2.6 2007 4
Tigray Hist.+RCP8.5 2007 4
Tigray RCP2.6 2030 6
Tigray RCP2.6 2050 7
Tigray RCP2.6 2090 7
Tigray RCP8.5 2030 7
Tigray RCP8.5 2050 14
Tigray RCP8.5 2090 45
Table 5: Heavy precipitation in Ethiopia and the four agricultural regions.
Region Scenario Year | No. of days with Diff in no. of days
heavy pr. [No.days] = with heavy pr.
with ref=2007
Ethiopia Hist. 1870 7
Ethiopia Hist.+RCP2.6 2007 7
Ethiopia Hist.+RCP8.5 2007 8
Ethiopia RCP2.6 2030 9
Ethiopia RCP2.6 2050 8
Ethiopia RCP2.6 2090 8
Ethiopia RCP8.5 2030 9
Ethiopia RCP8.5 2050 9
Ethiopia RCP8.5 2090 12
Amhara Hist. 1870 7
Amhara Hist.+RCP2.6 2007 8
Amhara Hist.+RCP8.5 2007 8
Amhara RCP2.6 2030 8
Amhara RCP2.6 2050 9
Amhara RCP2.6 2090 9
Amhara RCP8.5 2030 9
Amhara RCP8.5 2050 10
Amhara RCP8.5 2090 12
Oromia Hist. 1870 9
Oromia Hist.+RCP2.6 2007 10
Oromia Hist.+RCP8.5 2007 11
Oromia RCP2.6 2030 12
Oromia RCP2.6 2050 10
Oromia RCP2.6 2090 11
Oromia RCP8.5 2030 11
Oromia RCP8.5 2050 12
Oromia RCP8.5 2090 16
SNNP Hist. 1870 11
SNNP Hist.+RCP2.6 2007 11
SNNP Hist.+RCP8.5 2007 13
SNNP RCP2.6 2030 13
SNNP RCP2.6 2050 12
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SNNP RCP2.6 2090 12 1 1
SNNP RCP8.5 2030 13 0 2
SNNP RCP8.5 2050 13 0 2
SNNP RCP8.5 2090 18 5 7
Tigray Hist. 1870 6

Tigray Hist.+RCP2.6 2007 6 0
Tigray Hist.+RCP8.5 2007 7 1
Tigray RCP2.6 2030 7 1 1
Tigray RCP2.6 2050 8 2 2
Tigray RCP2.6 2090 8 2 2
Tigray RCP8.5 2030 8 1 2
Tigray RCP8.5 2050 9 2 3
Tigray RCP8.5 2090 11 4 5

Table 6: Very heavy precipitation in Ethiopia and the four agricultural regions.
Region Scenario Year | No. of days with Diff in no. of days Diff in no. of days
very heavy pr. with very heavy pr. with very heavy pr.
[No.days] with ref=2007 with ref=1870

Ethiopia Hist. 1870 1

Ethiopia Hist.+RCP2.6 2007 1

Ethiopia Hist.+RCP8.5 2007 1

Ethiopia RCP2.6 2030 2 1

Ethiopia RCP2.6 2050 2 1

Ethiopia RCP2.6 2090 2 1

Ethiopia RCP8.5 2030 2 1

Ethiopia RCP8.5 2050 2 1

Ethiopia RCP8.5 2090 3 2

Amhara Hist. 1870 1

Amhara Hist.+RCP2.6 2007 1

Ambhara Hist.+RCP8.5 2007 1

Amhara RCP2.6 2030 1 0

Amhara RCP2.6 2050 2 1

Amhara RCP2.6 2090 1 0

Amhara RCP8.5 2030 1 0

Ambhara RCP8.5 2050 2 1

Amhara RCP8.5 2090 3 2

Oromia Hist. 1870 1

Oromia Hist.+RCP2.6 2007 2

Oromia Hist.+RCP8.5 2007 2

Oromia RCP2.6 2030 2 0

Oromia RCP2.6 2050 2 0

Oromia RCP2.6 2090 2 0

Oromia RCP8.5 2030 2 0

Oromia RCP8.5 2050 3 1

Oromia RCP8.5 2090 5 3

SNNP Hist. 1870 2

SNNP Hist.+RCP2.6 2007 2

SNNP Hist.+RCP8.5 2007 2

SNNP RCP2.6 2030 3 1
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SNNP RCP2.6 2050 2 0 0
SNNP RCP2.6 2090 2 0 0
SNNP RCP8.5 2030 3 1 1
SNNP RCP8.5 2050 3 1 1
SNNP RCP8.5 2090 4 2 2
Tigray Hist. 1870 1
Tigray Hist.+RCP2.6 2007 1 0
Tigray Hist.+RCP8.5 2007 1 0
Tigray RCP2.6 2030 1 0 0
Tigray RCP2.6 2050 1 0 0
Tigray RCP2.6 2090 2 1 1
Tigray RCP8.5 2030 2 1 1
Tigray RCP8.5 2050 2 1 1
Tigray RCP8.5 2090 3 2 2
Table 7: Anomalies in annual precipitation over Ethiopia, averaged for 20 years (running average) over 2017-2099
Scen/Model GFDL-ESM2M  HadGEM2-ES MIROC5 Ensemble mean
RCP2.6 812 907 883 845
RCP8.5 905 911 910 871

Precipitation (in mm.) over 2007 for the historical period for each model and the models

mean.

Regional Summary

Region RCP2.6 RCP8.5
Temperature is projected to increase from e Temperature is projected to increase from
0.6°C in 2030 to 0.8°C by 2050 and 2090. 0.8°C in 2030, 1.8°C in 2050 to 3.9°C by 2090.
e The number of very hot days and tropical e The very hot days per year are projected to
nights per year are projected to rise from 6 in 2030 until 47 by 2090, tropical
Ambhara moderately rise. nights will also increase, but to a lesser extent.
e  Precipitation is projected to increase by e DPrecipitation is projected to increase by 2% (28
3% (29 mm.) by 2050. mm.) in 2050 and 12% (142 mm.) by 2090.
¢  The number of precipitation extreme e The frequency of heavy precipitation is
events will increase. projected to increase from 14 days per decade
in 2030 to 44 days by 2090, with very heavy
precipitation events also increasing.
e  Temperature is projected to increase from e Temperature is projected to increase from
0.6°C in 2030 to 0.9°C by 2050. 0.9°C in 2030 to 3.6°C by 2090.

Oromia | « Tropical nights are no concern in Oromia e The very hot days per year are projected to
under RCP2.6, with very hot days only rise from 7 in 2030 until 57 by 2090, with the
showing moderate increase by 2030 and frequency of tropical nights also rising, but
2050 (4 days and 5 days per year, with a lower magnitude.
respectively).




Precipitation is projected to increase by
7% (74 mm.) by 2030.
The frequency of precipitation extreme

events will increase.

Precipitation is projected to decrease by 2%
(27 mm) in 2030 and to increase by 13% (150
mm) by 2090.

Heavy and very heavy precipitation events
are projected to occur much more often by the
end of century, with 48 and 23 days per
decade by 2090, respectively.

Temperature is projected to increase from
0.6°C in 2030 to 0.9°C by 2050.

The very hot days per year are projected
to rise from 7 in 2030 and 2050 until 10 by
2090.

Temperature is projected to increase from
0.9°C in 2030 to 3.6°C by 2090.

The very hot days per year are projected to
rise from 12 in 2030 to 64 by 2090.

The very hot nights per year are projected to

SNNP Tropical nights per year are projected to rise from 2 by 2030 up to 17 by 2090.
rise by 2 in every period. Precipitation is projected to decrease by 4%
Precipitation is projected to increase by (50 mm) by the year 2050 and to increase by
7% (82 mm.) by 2030. 14% (180 mm) by 2090.
The frequency of extreme precipitation The frequency of heavy precipitation is
events will rise. projected to increase from 2 days per decade
in 2030 to 51 days by 2090, with 24 days
projected for very heavy precipitation.
Temperature is projected to increase from Temperature is projected to increase from
0.5°C in 2030 to 0.7°C by 2050. 0.9°C in 2030 to 3.9°C by 2090.
The very hot days per year are projected The very hot days per year are projected to
to rise from 10 in 2030 up to 14 by 2050. rise from 16 in 2030 up to 100 by 2090.
Tigray The very hot nights per year are projected Tropical nights per year are projected to rise

to rise from 2 to 3 by 2090.

Precipitation is projected to increase by
5% (41 mm) by 2050 and 2090.

The frequency of heavy precipitation is
projected to increase from 7 to 14 days per
decade by 2090.

from 3 by 2030 until 41 by 2090.

Precipitation is projected to increase from 5%
(42 mm) in 2030 until 16% (138 mm) by 2090.
The frequency of heavy precipitation is
projected to increase from 11 days per decade
in 2030 to 39 days by 2090.




Chapter 2 — Changing water availability for agricultural
production
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Figure 1 Calibration and validation results of the river discharge at the Hombole gauge (Awash basin)
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Figure 2 Calibration and validation results of the river discharge at the Sudan border gauge (Blue Nile basin)
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Figure 3 Long term mean seasonal discharge driven by different climate models and WFDEI for the historical period
(Hombole, Awash basin)
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River discharge for historical period - SUD_BOR (Blue Nile)
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Figure 4 Long term mean seasonal discharge driven by different climate models and ERA40 for the historical period (Sudan
border, Blue Nile basin)

Annual mean discharge (11-years moving average), RCP26
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Figure 5 Annual mean discharge at the Hombole gauge (11-years moving average) under RCP 2.6
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Annual mean discharge (11-years moving average), RCP85
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Figure 6 Annual mean discharge at the Hombole gauge (11-years moving average) under RCP 8.5
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Figure 7 Absolut (left) and relative (right) mean monthly discharge changes of the river discharge at the Hombole gauge
(Awash basin) for three future periods compared to reference period under RCP 2.6
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River discharge (model spread) RCP85 Changes in river discharge RCP85
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Figure 8 Absolut (left) and relative (right) mean monthly discharge changes of the river discharge at the Hombole gauge
(Awash basin) for three future periods compared to reference period under RCP 8.5
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Potential and actual annual evapotranspiration, RCP26
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Figure 9 The multi-model mean of annual potential and actual evapotranspiration under RCP 2.6 to the end of the century
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Potential and actual annual evapotranspiration, RCP85
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Figure 10 The multi-model mean of annual potential and actual evapotranspiration under RCP 8.5 to the end of the century
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Avarage annual electricity production (MW) RCP26
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Figure 11 Annual average electricity production of the Koka (Awash 1) HPP under RCP 2.6 to the end of the century
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Avarage annual electricity production (MW) RCP85
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Figure 12 Annual average electricity production of the Koka (Awash 1) HPP under RCP 8.5 to the end of the century
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Figure 13 Q10 of the monthly electricity production (MW) of the Koka (Awash 1) HPP for three future periods compared to
the reference period under RCP 2.6 (left) and RCP 8.5 (right).
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Figure 14 Annual sum precipitation in 1986 according to WATCH (left) and IPSL model (right)
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Table 8: Impact of climate change on suitability for multiple crops in each agro-ecological region. Percentage of area that is

suitable for producing the number of crops in each AEZ. Difference to the current status indicates the impact of climate change.

AEZ Crops None One Two Three Four
Current 0.0 0.0 0.0 0.0 0.0

Drought prone RCP26 28.3 23.0 23.5 153 9.9
RCP85 36.2 20.9 154 17.0 10.5
Current 8.5 16.4 29.4 40.7 5.1

Humid lowland

moisture reliable RCP26 15.3 24.9 41.8 9.0 9.0
RCP85 18.6 35.6 37.3 6.8 1.7
Current 1.1 14 19.5 13.1 64.9

Moisture reliable -

Cereals RCP26 15 15.9 10.0 14.3 58.3
RCP85 2.7 16.5 10.1 20.0 50.7
Current 04 55 10.7 41.5 419

Moisture reliable -

Enset RCP26 0.8 1.6 249 435 29.2
RCP85 3.2 8.7 21.7 36.0 30.4
Current 63.2 24.0 12.8 0.0 0.0

Pastoralist RCP26 88.6 8.1 1.5 0.1 0.0
RCP85 90.6 6.0 1.0 0.1 0.1
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Table 9: Impact of climate change on suitability for multiple crops in each administrative region.

Region Crops None One Two Three Four
Ambhara Current 0.0 6.6 16.8 225 54.0
RCP26 22 19.3 17.7 23.6 37.2
RCP85 6.3 16.8 12.5 25.4 38.9
Oromia Current 6.0 12.5 27.1 14.5 39.9
RCP26 16.7 14.3 16.0 11.3 41.7
RCP85 19.5 14.9 10.3 17.7 37.6
SNNP Current 4.6 114 14.5 36.7 32.7
RCP26 8.0 3.1 28.1 37.3 23.5
RCP85 10.8 14.2 22.5 28.4 24.1
Tigray Current 0.7 28.5 55.6 12.6 2.6
RCP26 53 55.6 30.5 7.3 1.3
RCP85 21.2 51.0 17.2 8.6 2.0

Structure of maize production costs per zone
(With high unit costs of irrigation)

Western-Tigray Morth-Shewa-3 lubabor
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0.25- 0.25- 0.25-
0.00- I 0.00- T 0.00- ]
Maize Maize Maize
Jimma Gurage Gamo-Gofa
1.00- 1.00- 1.00-
0.75- 0.75- 0.75-
0.50- 0.50- 0.50-
0.25- 0.25- 0.25-
0.00- I 0.00- I 0.00 - I
Maize Maize Maize
B seeonicosio [l Fercosto I Labcosto [ inscostos
. SeedIMCost0 . PestCost0 IrrCost04

Figure 15: Structure of maize production costs in different zones. Note: Production costs excludes land and capital costs.
Insurance costs (premiums) are zero in the benchmark case. SeedINCost0 (indigenous seed cost), SeedIMCost0 (improved
seed costs), FerCost0 (Chemical fertilizer costs), PestCost0 (pesticide costs), LabCostO (labor costs), IrrCost04 (irrigation
costs with high unit cost assumed), and InsCost04 (insurance costs with high premium assumed).



Structure of production costs per crop per region
{with high unit cost of irrigation}
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Figure 16: Production cost structure per crop per region.

Notes: SeedINCost0 (indigenous seed cost), SeedIMCostO (improved seed costs), FerCost0 (Chemical fertilizer costs),
PestCost0 (pesticide costs), LabCost0 (labor costs), IrrCost04 (irrigation costs with high unit cost assumed), and InsCost04
(insurance costs with high premium assumed). Remember that the insurance costs in the base cost structure are zero as no area
is assumed to be insured because of the non-exist market for agricultural insurance.

Supplementary Information for the Economic Analysis
1. Main Equations

Average yield of crop
AT AR N AR ¢ )
Where;
BrtPBw =T e (2)
Yy = Yoo (14 Vi) oo oo oo oo e e e e e o (3)

Y, is incremental yield due to irrigation relative to rain-fed farming system. Which we
assumed to be 20%. The share of irrigated land is derived from the above equation. We
assumed that climate change impacts are reflected on rain-fed yields only. Average yield is
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targeted by adaptation policy. Below are the equations used to derive the irrigation demand
to meet a specific adaptation policy targets.
Irrigation: Demand
Ya =B Yr + Bw- Yu
Yo = (1 - Bw)-Yr + Bw- Yo
Ya =Y — Vi B + Bw- Yu
Yo — Yr = Bw- Yo — Yr-Bw

Ya— Yp) =Bw- (Y — Y1)

_Ya_Yr

BW—YW_Yr

By = gt (4a)
v YTO' (1 + Ym) - Yrs

(if we assume irrigated yields are not af fected by climate change)

YS— Y$

By = U CY)\

(if we assume irrigated yields are also af fected by climate change)

We assumed the former, i.e., irrigated yields are not affected by climate change. In other
words, irrigated areas will maintain the present level of irrigated yields despite climate
change.

Irrigation: Costs

IrrCosts = LAy, = C.Buw A cevces e et e ettt e et et eee e e o (B)

Where c unit cost of irrigation per ha. From this one can calculate incremental costs of
irrigation as adaptation to climate change.

IrrCostA? = €. By R A — C.Bw A e e et e e e e et eee eee e e vve ene (6)

Insurance: Premiums

InSCOStS = 1. Ajys = L8y, ° A e et et e e et et e e et vt e e o (7))
Where r is premium per ha.

Insurance: Sum insured

InsCostS
>

. (9)

SumlInsured® =

Where y is the rate of premium.

Insurance: Claims

24



InsClaim® = Ajys. (YO — Y$).P = 8,5 A (Y — Y5).P oot it et e et et et e et e e

Where P product price.

2. Materials

®)

Table 10 summarizes the benchmark data sources used for the economic analysis which include average

(of 2014-2016 meher cropping seasons) area harvested, yields, share of cropland under farm management

practices (irrigation, chemical fertilizer, pesticides, indigenous seeds and improved seeds) and input

intensity per ha of cropland (indigenous seed, improved seed, and chemical fertilizers) and retail prices

of crops (2014/15).
Table 10: Summary of data sources used for the economic analysis.
Variable Main sources/reference
Area harvested CSA (2014, 2015, 2016)
Observed yields CSA (2014, 2015, 2016)
Labor costs ILOSTAT (2017)

Fertilizer costs

CSA (2014, 2015, 2016); Rashid et al. (2013); IFDC (2012)

Irrigation costs

CSA (2014, 2015, 2016); Gebregziabher et al. (2013)

Insurance premiums

Belay (2011); CSA (2014, 2015, 2016)

Pesticide costs

Makombe et al. (2007)

Product prices CSA (2015)
Projected yield changes APSIM model
Projected area suitability changes | Suitability Model

Table 11: Benchmark information on the selected crops (average of 2014-2016).

Area Yield Irrigated | Price

Geographic Area Crop ('000 Ha) (tons/Ha) Area (%) | (USD/ton)

Ethiopia Teff 2967 1.60 0.32 709
Ethiopia Wheat 1675 2.58 0.35 484
Ethiopia Maize 2121 3.50 1.50 327
Ethiopia Sorghum 1857 2.41 0.86 439
Tigray Teff 172 1.34 0.87 732
Tigray Wheat 106 1.85 1.32 482
Tigray Maize 64 2.41 1.35 368
Tigray Sorghum 239 2.71 0.48 429
Ambhara Teff 1125 1.63 0.35 679
Ambhara Wheat 543 2.29 0.19 507
Ambhara Maize 517 3.62 0.95 346
Ambhara Sorghum 657 2.23 0.50 456
Oromia Teff 1413 1.65 0.19 707
Oromia Wheat 882 2.87 0.24 450
Oromia Maize 1133 3.61 0.99 315
Oromia Sorghum 740 2.53 0.63 439
SNNP Teff 232 1.36 0.52 678
SNNP Wheat 133 2.51 0.10 477
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SNNP Maize 319 3.22 3.12 278
SNNP Sorghum 107 2.13 0.59 353
Western-Tigray Maize 5 3.24 1.35 343
North-Shewa Maize 7 2.83 0.95 335
[ubabor Maize 100 3.83 0.99 269
Gamo-Gofa Maize 54 3.31 3.12 300

Source: Authors’ compilation from various reports by Central Statistics Agency of Ethiopia (CSA).
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Figure 17: The four zones for economic analysis: Illubabor, Western-Tigray, North-Shewa-3 and Gamo-Gofa.
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3. Results and Discussions
Irrigation as adaption to maize yield changes

Irrigation demand in different scenarios
(% of harvested area)
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Figqure 18: Irrigation demand under different scenarios.
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Costs of selected irrigation scenarios as adaptation to maize yield changes
(Million USD)

Scenario

- IrrCost04
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Figure 19: Costs of selected irrigation scenarios.

The figure shows that total costs of irrigation increases relative to our previous policy target which was
to offset about 75% of the impacts. This is natural and expected.

In general, the policy target changes did not change the overall evaluation outcomes. The combination
of unit cost and climate change scenarios under which we regard as irrigation as effective and viable
measure of adaptation remain intact compared with the cases with reversing 75% of climate change-
induced yield changes presented in the main body of this study. This can be taken as our conclusions
are robust to policy targets.
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Table 12: List of interviewees

Group Date Location
1 Research 01.03.2019 Addis Ababa
2 Research 01.03.2019 Addis Ababa
3 Research 01.03.2019 Addis Ababa
4 Practitioner 04.03.2019 Addis Ababa
5 Research 04.03.2019 Addis Ababa
6 Practitioner (2) 04.03.2019 Addis Ababa
7 Practitioner 04.03.2019 Addis Ababa
8 Practitioner (2) 05.03.2019 Addis Ababa
9 Practitioner 05.03.2019 Addis Ababa
10 Practitioner (3) 06.03.2019 Addis Ababa
11 Research 06.03.2019 Addis Ababa
12 Research 06.03.2019 Addis Ababa
13 Practitioner 06.03.2019 Addis Ababa
14 Research 07.03.2019 Addis Ababa
15 Practitioner (2) 07.03.2019 Addis Ababa
16 Practitioner 08.03.2019 Addis Ababa
17 Farmer 09.03.2019 Wukro, Tigray
18 Farmer 09.03.2019 Wukro, Tigray
19 Farmer 09.03.2019 Wukro, Tigray
20 Farmer 09.03.2019 Wukro, Tigray
21 Farmer 09.03.2019 Wukro, Tigray
22 Farmer 09.03.2019 Wukro, Tigray
23 Research 09.03.2019 Wukro, Tigray
24 Practitioner 11.03.2019 Addis Ababa
25 Practitioner 11.03.2019 Addis Ababa
26 Research 13.03.2019 Addis Ababa
27 Research 13.03.2019 Addis Ababa

Consolidated list of all measures proposed during the stakeholder workshop, the survey and the

interviews:

- Off-farm activities: e.g. petty trade, cottage industries etc., job creation,

- Additional income generating activities: bee-keeping, goat/shoat fattening, fattening small

ruminants, poultry, cash crops, high value horticulture

- Developing farmers’ skills: Provision of training on basic construction, training on marketing

and value chains,
- Migration (labour mobility)

- Pest management

- Natural resource management: Wetland management, Watershed management (Integrated
Watershed Management), Water Resources Management (including underground water
resources), Grazing Land Management, Landscape based restoration, Integrated rangeland

management, Forest Management
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- Natural soil fertility enhancement mechanisms

- Implementation of Nutrition Sensitive Agriculture

- Community Managed Disaster Risk Reduction (CMDRR)

- Promotion of sustainable organic agriculture technologies

- Establishing saving and credit associations and rural enterprises

- Drought- and disease resistant crop varieties and livestock breed

Chapter 8 — Insurance

Insurance as coping mechanism to suitability changes

As mentioned earlier, crop insurance is not yet common in Ethiopia. Therefore, we assume a policy
target for area-suitability changes is to insure the share of cropland, which become less suitable under
climate change.

Insurance premiums of selected insurance scenarios as adaptation to area-suitability changes
(Million USD)

Maize Sorghum
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Figure 20: Insurance premiums of selected insurance scenarios to area-suitability change impacts.

As in the case of irrigation, we assume no insurance contract is taken for crops where favorable changes
are expected, according to the suitability models discussed in Chapter 3 of the study.
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Difference between NVP of crops under climate change with and without insurance
(Ethiopia, Million USD)
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Figure 21: Difference between NVP of crops under climate change with and without insurance for Ethiopia

Unlike the case with irrigation, our results indicate that the net benefits of insurance would be viable
measure if and only if the insurance premiums are low and the expected impacts of climate change are
very high. In terms of crops, the expected net benefits are high for maize and wheat in many cases.
Otherwise, it is better, the results suggest, to absorb the economic effects of climate change. The contrast
between results for irrigation and insurance are partly explained by the benchmark scenarios. Currently,
crop insurances are not part of costs in agricultural accounting as they do not exist. Therefore, the
irrigation scenario adds no insurance premiums to deduct from the gross value of production. In
contrast, even if the share is very small, irrigation costs contribute to the total benchmark costs of
production thus included in the insurance scenario as well.
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Table 13: Effect of moving the season and organic carbon on crop suitability by agro-ecological region.

Humid lowland Moisture Moisture
Drought moisture reliable - reliable -
Crop Measure Climate  prone reliable Cereals Enset Pastoralist
Current  -0.9 -5.1 -2.9 -2.8 1.6
4 Weeks  RCP26 -1.2 -14.1 -0.9 -12.3 -5.6
RCP85 2.2 -11.9 3.0 -6.7 2.8
Current 2.7 4.5 2.7 2.4 2.3
Maize 20%0C RCP26 1.2 3.4 2.8 1.6 2.7
RCP85 11.2 2.3 7.8 3.2 7.4
Current 14 0.6 2.2 -4.0 1.1
4 Wks +
RCP26 0.4 -2.8 0.1 -4.0 4.8
20%0C
RCP85 9.34 -2.82 5.17 -2.77 8.91
Current 0.7 -5.6 04 0.4 -1.2
4 Weeks  RCP26 0.0 -7.3 0.7 -1.6 -2.0
RCP85 1.2 -10.7 2.7 -3.2 -1.0
Current 4.4 0.0 0.7 2.8 0.7
Sorghum 20%0C RCP26 3.7 1.1 0.0 24 1.9
RCP85 5.0 4.0 3.0 0.8 3.2
Current 1.7 -4.0 0.2 0.4 -0.8
4 Whs + pops 29 28 2.1 2.0 0.6
20%0C | ' ) ' '
RCP85 1.6 -3.4 2.8 -2.8 -0.3
Current -1.4 -4.0 -0.4 -0.4 -0.3
4 Weeks RCP26 -1.2 -4.5 0.8 -04 0.0
RCP85 2.0 -6.2 4.6 0.0 -0.6
Current 0.6 1.7 5.7 -0.4 0.9
Teff 20%0C RCP26 2.0 7.9 6.1 0.0 0.2
RCP85 4.9 4.0 94 0.0 -0.5
Current  -0.6 6.8 1.6 -0.8 -0.2
4 Wks +
RCP26 3.9 4.5 2.8 -0.4 -12.5
20%0C
RCP85 34 -3.4 5.7 -04 -0.6
Current  -1.3 -2.8 -0.8 -3.1 0.1
4 Weeks RCP26 -0.8 -1.1 -0.9 -3.9 -0.5
RCP85 -0.2 2.3 0.7 -15.4 -0.8
Current 0.0 2.8 0.8 6.3 0.3
Wheat 20%0C RCP26 1.8 4.0 1.5 3.1 0.6
RCP85 2.0 2.3 1.2 0.4 0.5
Current -1.1 -1.1 -0.5 3.1 0.1
4 Whes = RCP26 0.7 0.6 0.7 04 0.2
20%0C e - - : )
RCP85 -0.3 2.3 0.8 -16.5 -0.5
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Table 14: Effect of moving the season and organic carbon on crop suitability by region.

Crop Measure SNNP Tigray Ambhara Oromia
Current -4 -7 -2.8 -3.0
4 Weeks RCP26 -6 -17 -3.9 -1.6
RCP85 01 -9 -0.9 -0.2
Current 12 78 1.1 1.6
Maize 20%0C RCP26 1.5 53 1.1 1.6
RCP85 52 6.0 4.8 1.8
Current -1.9 -8.6 10.9 -2.3
4 Wks +20%0C RCP26 -5.9 -13.9 -1.3 -0.7
RCP85 1.5 -4.6 0.4 0.3
Current -1.2 -6.6 -1.5 -1.5
4 Weeks RCP26 -3.4 -25.2 -8.5 -4.9
RCP85 -2.2 -21.2 -14.2 -4.5
Current 0.3 0.7 4.2 0.2
Sorghum 20%0C RCP26 3.1 -7.9 2.8 0.1
RCP85 6.2 -6.6 -1.8 0.7
Current -0.6 -8.6 -1.3 -1.1
4 Wks +20%0C RCP26 -6.8 -18.5 -8.8 -5.6
RCP85 -0.9 -19.2 -11.4 -3.8
Current 2.2 -1.3 -1.1 -1.5
4 Weeks RCP26 1.2 -4.6 2.2 -2.0
RCP85 -0.3 -6.0 -1.8 -7.3
Current 2.5 4.0 -04 1.7
Teff 20%0C RCP26 3.4 10.6 1.3 0.9
RCP85 6.8 19.9 1.3 0.9
Current 1.9 7.3 9.8 -4.3
4 Wks +20%0C RCP26 -2.2 2.0 2.4 2.7
RCP85 3.4 6.0 -1.1 -6.4
Current -5.5 -12.6 1.1 -1.7
4 Weeks RCP26 -8.0 -15.2 -0.6 -3.0
RCP85 -12.0 -15.9 -0.2 -1.9
Current 8.6 -4.6 0.0 0.9
Wheat 20%0C RCP26 1.8 2.0 0.6 0.4
RCP85 0.3 4.6 1.3 0.0
Current -2.2 -11.3 1.1 -1.5
4 Wks +20%0C RCP26 -8.0 -15.2 -0.6 -3.0
RCP85 -14.2 -9.9 0.2 -1.7
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Micro-economic cost-benefit analyses
Chapter 6: Irrigation CBA

Table 15: Screenshot of the CBA output template for the action scenario switch from rainfed to irrigated maize production
under future climate change conditions

Undiscounted Flows Discount factors Discounted flows
Cost Benefit Net Cash flow | Discount rate Base year Yearindex Discount factor Cost Benefit Net Cumulative
Year LCU LCU LCU 6,00% 2020
2020 -9518 1974
-952 2088
-952 2163
-952 2279
-952 2354
-952 2440
-952 2527
952 2637
-952 2743
-952 2865
-952 2953
-952 3041
-952 3146
-952 3234
-952 3360
-952 3489
-952 3586
-952 3711
-952 3829
-952 3912
-952 4012
-952 4139
-952 4263
-952 4391
-952 4513
-952 4611
-952 4701
-952 4831
-952 4540
-952 5048
-952 5148

Source: Own figure. (LCU = Local Currency Unit, here Ethiopian Birr)

34



Table 16: Screenshot of the CBA output template for the no-regret scenario switch from rainfed to irrigated maize production
under current change conditions

[ 1

Undiscounted Flows Discount factors Discounted flows
Cost Benefit Net Cash flow | Discountrate Base year Yearindex Discount factor Cost Benefit Net Cumulative
Year LCU Lcu LCU 6,00% 2020 LCU LCU LCU LCU
2020 -9518 19574
-952 2068
-952 2164
-952 2262
-952 2360
-952 2461
-952 2562
-952 2665
-952 2769
-952 2875
-952 2982
-952 3091
-952 3202
-952 3314
-952 3427
-952 3542
-952 3659
-952 3777
-952 3897
-952 4018
-952 4142
-952 4267
-952 4394
-952 4522
-952 4653
-952 4785
-952 4919
-952 5055
-952 5153
-952 5332
-952 5474

Source: Own figure. (LCU = Local Currency Unit, here Ethiopian Birr)
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Chapter 7: Crop switching CBA

Table 17: Screenshot of the CBA output template for the action scenario crop switch from maize to sorghum under future
climate change conditions

Undiscounted Flows Diseoun:t factors Discounted flows

Cost Benefit Net Cash flow | Discount rate Base year Year index Discount factor Benefit Net Cumulative
Year LCU LCU LCU 6,00% 2020 i LCU LCU LCU
2020 -3482 900

-4425 2239
-3928 2511
-1327 1622
-3273 2517
-4891 3751
-4404 4315
-5138 4318
-5651 5623
-5565 5922
-5072 5259
-5387 5892
-6050 6599
-5340 6403
-4892 6262
-5404 6489
-5816 7986
-4963 7063
-6033 8662
-6628 9496
-6807 9832
-6559 10103
-6469 11358
-6926 11627
-7358 11223
-6752 12283
-7593 13278
-7206 14177
-7519 15050
-5925 13437
-9602 16597

Source: Own figure. (LCU = Local Currency Unit, here Ethiopian Birr)
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Table 18: Screenshot of the CBA output template for the no-regret scenario crop switch from maize to sorghum under current
climate change conditions

Undiscounted Flows Discount factors Discounted flows
Cost Benefit Net Cash flow | Discountrate Baseyear Yearindex Discount factor Cost Benefit Net Cumulative
‘Year LCU LCuU LCU 5,00% 2020

2020 -3482 500
-3263 1350
-3047 1885
-3292 2278
-3542 2681
-3795 3094
-4051 3517
-4311 3945
-4574 4392
-4842 4346
-5113 3311
-5387 5787
-5666 6274
-5949 8773
-6235 7284
-6526 7807
-6820 8343
-7119 8891
-7422 9453
-7729 10028
-8040 10617
-8356 11220
-8676 11338
-9001 12471
-9330 13118
-9664 13781
-10002 14461
-10346 15156
-10694 15868
-11047 16597
-11404 17344

Source: Own figure. (LCU = Local Currency Unit, here Ethiopian Birr)
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Chapter 8: Agroforestry CBA

Table 19: Screenshot of the CBA output template for the action scenario switch from maize monoculture to maize
agroforestry under future climate change conditions

Undiscounted Flows
Cost Benefit
Year LCU LCU
2020 -6764 -130
-1691 222
-1691 2369
-1691 4630
-1691 6800
-1691 9010
-1691 11236
-1691 11659
-1691 11965
-1691 12315
-1691 12568
-1691 12823
-1691 13124
-1691 13378
-1691 13738
-1691 14111
-1691 14391
-1691 14750
-1691 15088
-1691 15327
-1691 15614
-1691 15982
-1691 16338
-1691 16705
-1691 17056
-1691 17338
-1691 17598
-1691 17972
-1691 18286
-1691 18595
-1691 18882

Net Cash flow
LCU

Discount factors Discounted flows
Discount rate  Base year Year index Discount factor Cost Benefit Met Cumulative
6,00% 2020

Source: Own figure. (LCU = Local Currency Unit, here Ethiopian Birr)
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Table 20: Screenshot of the CBA output template for the no-regret scenario switch from maize monoculture to maize
agroforestry under current climate conditions

Undiscounted Flows Discount factors Discounted flows
Cost Benefit Net Cash flow | Discountrate Baseyear Yearindex Discount factor Cost Benefit Net Cumulative
Year LCU LCuU LCU 5,00% 2020
2020 -6764 -130
-1691 173
-1691 2371
-1691 4586
-1691 6818
-1691 9067
-1691 11334
-1691 11740
-1691 12040
-1691 12345
-1691 12653
-1691 12966
-1691 13284
-1691 13606
-1691 13932
-1691 14263
-1691 14599
-1691 14939
-1691 15284
-1691 15634
-1691 15989
-1691 16348
-1691 16713
-1691 17083
-1691 17458
-1691 17838
-1691 18224
-1691 18615
-1691 19012
-1691 19414
-1691 19821

Source: Own figure. (LCU = Local Currency Unit, here Ethiopian Birr)
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Chapter 9: Napier grass CBA

Table 21: Screenshot of the “khat vs. napier grass production” CBA output template for the year 2050 and Ethiopia.

Undiscounted Flows Discount factors Discounted flows
Cost Benefit Net Cash flow Discount rate Base year Year index Discount factor Cost Benefit Net Cumulative
Year LCU LCU LCU 6,00% 2020
2020 -14155 0
-3419 10637
-3419 10584
-3419 10531
-3419 10478
-3419 10426
-3419 10373
-3419 10322
-3419 10270
-3419 10219
-3419 10168
-3419 10117
-3419 10066
-3419 10016
-3419 9966
-3419 9316
-3419 9866
-3419 9817
-3419 9768
-3419 9719
-3419 9670
-3419 9622
-3419 9574
-3419 9526
-3419 9478
-3419 9431
-3419 9384
-3419 9337
-3419 9290
-3419 9244
-3419 9198

Source: Own figure.
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