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Context: Agriculture in Ethiopia

 780% of the population reliant on agriculture

« 795% rainfed agriculture (RFA) Cropping system

« Main season: May - Sep (‘Meher")
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Research Questions

How will the climate variables over the agricultural regions of
Ethiopia change in the future?

What is the impact on the rainwater productivity (RP) for cereal
crops?

Which climate variable (precipitation or temperature) dominantly
drives the changes in RP?
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Data and Methods

1. Climate downscaling (delta method)

Scenario

Historical
SSP1-2.6
SSP2-4.5
SSP5-8.5

25 CMIP6 models (A)

Period

1981-2010
2020-2049
2045-2074
2070-2099

Factors of change (A)

Reference climate Reference climate (5km, daily)
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Downscaled future climate variables (5km, daily)

* Precipitation
* Maximum and minimum temperature
* Shortwave radiation

*BCES temperature is a daily maximum and minimum temperature dataset derived
by bias adjusting and downscaling ERA5-Land temperature over Ethiopian domain
for the period 1981-2010. Further details can be found at
https://doi.orqg/10.1016/].dib.2022.108844
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2. Determination of rainwater productivity (RP)

Under moisture-limited conditions, yield is related to ET in a

nearly direct manner (Hatfield and Dold, 2019) Relative yield (Ya/Yp) was used a proxy for RP
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| 04 Dp = deep percolation (mm/day)
-0.6 AS = change in soil moisture (mm/day)
IO.8 RP was determined at grid scale for the two growing
1 seasons: Meher (May-Sep) and Belg (Feb-May) under the

Based on gridded crop data of 1995-2010 (see Wakjira et al., 2021) present and future climates
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3. Climate sensitivity of RP

The One-At-a-Time (OAT) was used to assess which
climate variable (rainfall or temperature) largely
controls the changes in RP

Two change scenarios with 8 change levels were tested:
*  Warm and dry climate (0.5-4°C warmer and 5-40% drier) 4
*  Warm and wet climate (0.5-4°C warmer and 5-40% wetter)
The scenarios were built by perturbing the reference climate

RP was determined for each scenario and change
level and sensitivity (Se) associated with each
perturbation

%change in output
~ 9%change in input

Sensitivity ratio (Sr) was computed for determine the
relative sensitivity of RP to temperature and rainfall

Serain

Sr =
Setemp
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Results and Discussions

The future climate is likely to become warmer and wetter over
Note:

the respective growing season in a given region 2030s — 2020-2049
2060s = 2045-2074
2080s = 2070-2099

May-Sep (2060s) Feb-May (2060s) Annual (2060s)

1.4
1.6
1.8

-250 -200 -150 -100 -50 O 50 100 150 200 250 < 5

But dry regions are likely to remain warm and dry or become
even drier
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Rainwater productivity: climatology (1981-2010) for Ky = 1)

a) Feb-May b) May-Sep [-] 1
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The May-Sep WP is more than twice of the one in the Feb-May growing season
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SSP2-4.5 SSP1-2.6

SSP5-8.5
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How will RP for an average cereal crop (Ky=1) change in the coming decades?

May-Sep (meher) Feb-May (belg)
2030s 2060s 2080s 2030s 2060s 2080s

SSP1-2.6

SSP5-8.5

Changes [%] in the meher RP

1 1 1 L 1 _

-25 -20 -15 -10 -5 0 5 10 15 20 25 -25 -20 -15  -10

May-Sep: largely a decrease or minor change over the entire region
Feb-May: increase over the belg regions towards the end of the century and all scenarios
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How will the individual crop RP change under the future climate?

Meher tef

Minor increase or no change over the
tef hotspot regions in 2030s under all
scenarios

Decreasing tendency by the mid and

end of the century over the western
part of the tef regions
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How will the individual crop RP change under the future climate?

Meher wheat

2030s 2060s 2080s
Up to 3% increase over the meher
regions in 2030s under all scenarios
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Which climate variable is the dominant driver of the changes in RP?

Under warming and wetting climate Sensitivity ratio (Sr) across the agricultural landscape

 In regions with seasonal (unimodal) Meher (May-Sep) Belg (Feb-May)
rainfall, the meher RP is sensitive to ~
precipitation

* In regions with erratic rainfall and semi-
arid climate, temperature controls the
meher RP

Warm and wet

* In belg, RP is controlled by temperature
In dry regions and by precipitation in wet
regions

Under warming and drying climate

* Changes in precipitation drives changes in
RP in both in meher and belg season,
regardless of the rainfall pattern and
climate

Warm and dry

Temperature sensitive Sr[-] Rainfall sensitive
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Conclusions

The future climate
 Warmer and wetter during the two growing seasons
* Dry regions remain dry in both meher and belg seasons

Future water productivity
« Decrease or no change during the main growing season (May-Sep)
* Increase (by 5-25%) in the shorter growing season

Sensitivity to precipitation and temperature
* Precipitation dominantly drives the changes in warming and drying climate
« Sensitivity depends on the rainfall regime in warming and wetting climate

For questions please reach out to Use this QR code @)y
Mosisa Tujuba Wakjira to visit our project emresks
Email: wakjira@ifu.baug.ethz.ch page :i""_-
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