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Abstract:  

This day, climate variability and climate extreme events are increasingly growing and poses existential impact on 

practical agriculture. In developing and least developed countries, agriculture is strongly rainfed-and climate 

sensitive. Due to this, climate variability and shock has posed a serious impact on crop production which needs a 

close attention to offset the adverse impacts. In addition, the poor experience of using climate information for 

farm decision-making exacerbates the impacts also. Therefore, understanding the climate, crop and cropping 

systems are significantly important to manage climate risks and design suitable adaptation strategies. Today, 

advanced tools and methods such as are widely used to precise farming practices. Decision Support System for 

Agro-Technology Transfer (DSSAT); is the one used to estimate farming practices as a function of weather, soil 

and different management practices. Therefore, the main goal of this study was to evaluate and identify climate 

change adaptation practices for sorghum and wheat production for semi-arid growing areas of Ethiopia. Ac-

cordingly, current climate data for the study regions were obtained from National Meteorology Agency of Ethio-

pia and climate change scenario data for mid (2040–2069) and end (2070-2099) periods were obtained from Global 

Climate Models using delta method downscaling approach. Accordingly, the results indicated that sorghum and 

wheat yield response for future climate is varied spatially and temporally. Production in lowland areas is a bit 

risky compared to midland and highland areas according the result. Sorghum is expected to be negatively af-

fected relative to wheat, that would get a slight positive advantage of the future climate. On the other hand, 

mid-June planting and increasing the rate of fertilizer would increase sorghum productivity. In general, the re-

sults indicated that climate change would aggravate the ongoing food production challenges unless appropriate 

adaptation plans be designed and actions taken. Indeed, the findings of this study would have a potential impact 

for policy makers, researchers, and agricultural experts regarding future sorghum and Wheat production that 

enable them to be aware of the adverse impacts and the possible solutions.  
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1. Introduction 

In Ethiopia, agriculture is the key economic sector, which constitute for around 50 percent of the 

growth domestic product (GDP) and for more than 90 percent of the national export commodity 

suply of the country (World Bank, 2011; FAO, 2016; CSA, 2018). It is also a source of livelihood for 

more than 85 percent of the nations. However, this huge and critical economic sector is largely rainfed 

and manipulated by the smallholder farmers which are a highly vulnerable community of climate 

change and variability impacts. Smallscale farmers are responsible for around 95 percent of the total 

area of crop production and 90 percent of the total agricultural production in Ethiopia. Basically, this 

smallscale lead agriculture is well understood by its low productivity, limited technology adoption, 
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poor capablity and high vulnerability for climate change impacts (Boote et al., 2008; Bekabil, 2014;  

FAO, 2019). As a result, Ethiopia has incurred high economic costs annually due to such limiting 

factors and climate change manipulated seasonal climate fluctuations (IFPRI, 2010; MoA, 2011; FAO, 

2015; CSA, 2018). In this country, the implication of agriculture is also beyond the economic impact, it 

also has a significant impact for social and political stability of the country (CSA, 2018).  

Crop production in Ethiopia is highly relied on seasonal rainfall characteristics that a small 

fluctuation in seasonal rainfall amount and distribution, onset and/or cessation of seasonal rains and 

dry spells characteristics that significantly determine seasonal production performance (World Bank, 

2011; Bryan et al. 2009). This day, climate change amplifies the existing challenges of through 

increasing variability of climate and occurrence of extreme events which intensified the existing food 

security challenges and poverty of Ethiopia (NMA, 2007; CSA, 2018; Zewdu et al., 2020). Further, the 

poor understanding and limited access for agro-climate advisory services has also play significant 

contribution for the frequent crop failure and yield lose in Ethiopia (World Bank, 2011). 

According to reports (NMA, 2007; MoA, 2011; Irish AID, 2018), small scale farmers in dryland areas 

are the most vulnerable group for climate change induced and agravated consequences upon their 

strong livelihood reliance on rainfed based fragile farming system (Georgis et al., 2009). Furthermore, 

the poor research and development attention given for drylands; due to the misunderstanding of 

drylands contribution for economic development of the country; exacerbates the impacts and 

contribute for the poor attention given to the region (Giorgis; et al., 2018). Crop production in dryland 

region is subjected for multiple climatic stresses; like water stress (drought), high temperature (heat 

stress), strong wind and rain storms having heavy intensity (Georgis et al., 2009). High temperature 

and erratic nature of rainfall in the region also causes acute water deficit in any critical crop stage; like 

flowering and grain filling stage; that results poor quality and loss of production (Singh et al., 2014; 

FAO, 2015). 

Therefore, the need to address such challenges would not be ignored and rather needs more attention 

and focus to manage the rsiks. In this regard, to reduce the adverse risks of climate change for crop 

production, the need to asses potential impacts and designing response plan; i.e. adaptation actions; 

are essential to sustain production and productivity. According to reports; integration of climate 

information and crop management practices are critical approches to conduct demand based farming 

practices that can offset adverse risks of climate change (WMO, 2004; FAO, 2012). Since a recent, 

advanced tools and methods are becoming popular and widely used to investigate climate change 

impacts and to evaluate adaptation strategies for sustaianable crop production. In addition, tools and 

approaches have potential capability to precise farming practices and climate smart agricultural 

developments (FAO, 2012). Now a days, cropping system and climate models are widely used 

advanced tools to simulate cropping and climate systems processes (WMO, 2004; Jones et al., 

2010;FAO, 2012).).  

In this study we used cropping system models; CERES-sorghum and CERES-wheat of the Decision 

Support System for Agrotechnology Transfer (DSSATv4.7) (J. W. Jones et al., 2003); to evaluate  

adaptation practices for sorghum and wheat production of the future climate. With this, two sorghum 
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cultivars (Melkam and Teshale) and Mekele-1 wheat cultivar were selected for this study. The major 

objective of this study is to evaluate and identify suitable climate change adaptation practices for 

sorghum and wheat production that sustain production and productivity in north eastern dryland 

growing areas of Ethiopia.  

2. Materials and Methods 

2.1. Description of the Study Sites  

The study was conducted in north eastern sorghum and wheat growing regions of Ethiopia. Sirinka 

and Kobo from Amhara and Enderta from Tigray National Regional States were selected for this 

study. Two crops, sorghum and wheat, were selected to investigate adaptation practices for future 

sorghum and wheat production. Geographically, Sirinka is situated between 11o41’ and 11o49’N 

latitude; and 39o07’ and 39o42’E longitude with an elevation that ranges between of 1749 - 2033 m.a.s.l.  

Kobo is found in between 12°09′N and 12o15°N latitude and 39o38oE and 39.63°E longitude with 

elevation of 1468 m.a.s.l. And Enderta is located in between 13.22oN and 13.35oN latitude and 39.29oE 

to 39.36oE longitude with an elevation of 1500 to 2300 m.a.s.l.  

 

Figure 1. Map of study sites (Kobo, Sirinka and Enderta) 

The study location has a semi-arid climatic condition, which has a general climatic feature of north 

eastern and eastern parts of Ethiopia. Based on the traditional climate classification system, the study 

sites lie Kola to Woynadega agro-ecological zones. More specifically, Kobo is categorized under Kolla; 

while Sirinka and Mekelle lies under Woynadega agro-ecology. Regarding rainfall distribution, Kobo 

and Sirinka has a bimodal rainfall pattern that gets a small rain from mid-February to mid-May 

(locally known as belg) and the main rain from June to September (known as kiremt). On the other 

hand, in Enderta and surrounding areas, rainfall is mono-modal type which receives rain from June 

to September except the small showers that occur during February to May. Table:1 depicts the 

seasonal and annual rainfall amounts and mean annual temperature of the study districts.  

Table 1. Annual and seasonal rainfall and temperatures of the study area (based on 1985 to 2017 observed 

climate data for Kobo and Sirinka and 1980 to 2017 for Enderta district) 
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Site 

 

Mean Temperature (oc) 

Rainfall 

Belg (mm) Kiremt (mm) Annual (mm) 

Sirinka 20.1 300.1 586.5 1036.9 

Kobo 22.6 117.3 401 699.9 

Mekelle 15.3 81.5 517 607 

2.2. Data and methods 

Climate, soil physical and chemical characteristics, cultivar specific parameters, and field crop 

management data are are the minimum data sets required to simulate the model (Jones et al., 2003; 

Yakoub et al., 2017) 

Soil Data:Soil data for the study districts were obtained from different sources. Soil profile data for 

Enderta district was obtained from Gebre et al., (2014) whereas, for Sirinka and Kobo areas were 

taken from Climate and Geospatial Research department of Ethiopian Institute of Agricultural 

Research (EIAR). Some important soil parameters required to run the model like Bulk density(BD), 

drained upper limit (DUL), drained lower limit (DLL), saturation (SAT), root growth factor (RGF) and 

saturated hydraulic conductivity (SKS) not measured and presented were estimated from soil texture 

data using Decision Support System for Agro-technology Transfer (DSSAT4.7) SBUILD software 

package.  The soil data was taken from Zewdu et al., (2020). 

Climate Data:daily rainfall, maximum and minimum air temperatures data for Sirinka and Kobo 

districts were obtained from Ethiopian Institute of Agricultural Research (EIAR). Whereas, daily data 

for Enderta which ranges from 1980 to 2017 used for this study site, was taken from National 

Meteorology Agency (NMA) of Ethiopia. Solar radiation data was estimated from air temperature 

and latitude data using DSSAT4.6 weather module. The observed data were subjected for quality 

visualization and inspections using RClimDex1.0 to detect potential errors that cause changes in the 

seasonal cycle or variance of the data (WMO, 2003) 

Site specific climate change scenario data for the study sites were downscaled using Agricultural 

Model Inter-comparison and Improvement Project (AgMIP) climate scenario generation scripts for 

20-global climate models (20-GCM’s) from the ready-made data sets for east Africa region(AgMIP, 

2014). IPCC fifth assessment report (AR5) of Representative Concentration Pathway’s (RCP’s) as-

sumption were used to downscale site specific climate change scenario data for the study districts. 

The scenarios were developed for the two RCP’s (RCP4.5 and RCP8.5) using a delta based downscal-

ing approach (Reference). For model biases, the delta method adopts that the future mean and varia-

bility of climate will be the same as those in present day simulations (Ramirez-Villegas & Jarvis, 

2010). The model was used to downscale both temperature (minimum and maximum) and rainfall 

data of future climate for each study locations. Once downscaled, the data was subjected for further 

analysis and comparison with the base period of each respective sites. In this case, the absolute dif-

ferences between means in temperature and percentage change in precipitation were used to describe 

future climate change of the locations with respect to the base period. 

Crop and Management Data: commonly grown varieties of sorghum (Teshale and Melkam) and 

wheat (Mekele-1) were used as a testing crops. Teshale and Melkam sorghum varieties are released 

for dry lowland areas which frequent drought and water deficit are common. They are categorized 
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early to medium maturity groups. Similarly, Mekele-1 is early maturing wheat variety recommended 

majorly for moisture and drought prone areas.  

Crop Model 

For this study, Decision Support System for Agrotechnology Transfer (DSSAT4.7) is used to evaluate 

the possible climate change adaptation practices. DSSAT is a software system which contains a 

combination of crop growth models and database management tools that have been used to evaluate 

models, estimate crop specific parameters (genetic coefficients), and to evaluate alternative 

management practices (Hoogenboom et al., 2010). DSSAT simulates growth and development of crops 

in response to weather, soil and crop management practices (Jones & Singels, 2008). For this study 

genetic coefficients for both sorghum and wheat cultivars were obtained from (Zewdu, 2016; and 

Zewdu et al; 2020).  

Table 2. Estimated Genetic Coefficients values for Sorghum cultivars (Teshale and Melkam) at Kobo 

site, northern Ethiopia ((Zewdu et al., 2020)  

  Genetic 

parameters 

 

Description 

Estimated coef. 

Teshale Melkam 

 

P1 

Thermal time from seedling emergence to the end of the juvenile phase 

(expressed in degree days above a base temperature of 8°C) during which 

the plant is not responsive to changes in photoperiod 

 

250.1 

 

311.7 

 

P2O 

Critical photoperiod or the longest day length (in hours) at which 

development occurs at a maximum rate. At values higher than P20, the rate 

of development is reduced 

 

12.46 

 

12.46 

 

P2R 

Extent to which phasic development leading to panicle initiation (expressed 

in degree days) is delayed for each hour increase in photoperiod above P20. 

 

101.7 

 

154.4 

 

P5 

Thermal time (degree days above a base temperature of 8°C) from 

beginning of grain filling (3 - 4 days after flowering) to physiological 

maturity 

 

492.8 

 

480.8 

G1 Scaler for relative leaf size 5.512 6.4 

G2 Scaler for partitioning of assimilates to the panicle (head). 5.255 5.0 

Table 3: Estimated Genetic Coefficient values for wheat cultivar (Mekele-1)  

 

GCs parameters 

 

Definitions 

Estimated Coef. 

Mekele-1 

P1V  Days, Optimum vernalizing temperature, required for 

vernalization 

8 

P1D Photoperiod response (% reduction in rate/10h drop in pp) 2.1 

P5 Grain filling (excluding lag) phase duration (oC.d) 580.2 

G1 Kernel number per unit canopy weight  at anthesis (#/g) 49.8 

 G2 Standard kernel size under optimum condition (mg) 79.8 

G3 Standard non stressed mature tiller wt (incl grain) (g dwt) 2.5 

PHINT Interval between successive tip appearance (oC.d) 150 

Climate Change Adaptation 
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Crop production is affected biophysically by the changing climate such as rising temperature, 

changing rainfall regiomes and the increasing level of atmospharic carbon dioxide (Ouda et al., 2013). 

In Ethiopia crop production is strongly correlated with climate which makes crop production highly 

sensetive for climate change and variability. Therefore, the need of Agricultural adaptation to climate 

change at the farm level depends on the technological potential such as different varieties of crops and 

irrigation management, soil and water condition, and biological response of the crops (Ouda et al., 

2013). In this study, planting window and fertilizer application rate were taken and evaluate as 

adaptation packages for this study.  

Planting date: Three planting window windows which 16 to 30-June, 01 to 15-Jul and 16 to 30-July 

were assumed to evaluate the response of sorghum and wheat yield for projected climate change 

scenarios for Mid and End periods under RCP4.5 and RCP8.5.   

Fertilizer application rate: Different rates of fertilizer application were simulated with projected 

future climate change scenario to investigate the performance of sorghum and wheat production also. 

Table 11 presents the nitrogen fertilization treatments used to determine the optimum nitrogen 

fertilization rate. 

Table 4. fertilization rate (nitrogen) treatments for future sorghum and wheat production  

 

Nutrient 

Type 

Treatment-1 Treatment-2 Treatment-3 

DAP 

(150 kg/ha) 

Urea 

(100 kg/ha) 

DAP 

(100 kg/ha) 

Urea 

(75 kg/ha) 

DAP 

(75 kg/ha) 

Urea 

(50 kg/ha) 

N-kg/ha 27 46 18 35 14 23 

P-kg/ha 69  46  35  

Finally, yield of sorghum and wheat were simulated using both the base and the projected period. 

Finally, the performance of both crops with the prescribed changes was compared with the historic 

yield as follows. 

; where Ypredicted is predicted yield (kg ha-1), Ybase is yield 

of the base period (kg ha-1) and ∆yield is the yield difference (%). 

3. Results and discussion  

3.1. Projected Rainfall and Temperature Changes 

Projected Rainfall 

The result of projected rainfall indicated an increase of annual rainfall by 2050s and 2080s in the study 

districts. It is expected to be increased from 2.8% to 16.6% by 2050s and 8.4%-29% by 2080s. Variation 

of projected annual rainfall is observed across location, GCMs, and time periods. Regarding the study 

locations, annual rainfall is expected to be increased from 8.5-15.6% at Kobo, 12.2-16.6% at Sirinka and 

2.4-8.4%, at Enderta by 2050s. Likewise, under 2080s, it is expected to increase 8.6-17.8%, 10-29% and 

8.4-15.3% at Kobo, Sirinka and Enderta districts respectively. The result further indicated that, June to 

September (Kiremt) rainfall is projected to be increase as of the annual rainfall. Conditioned on the 

type of emission scenario and study locations, Kiremt rainfall is expected to increase 8.7-13.6 % by 

2050s and 3.1-32% by 2080s. In general, the projected rainfall is varied across locations, the GCMs used 

and growing season. According to (Funk et al., 2008), the warming and increasing convection of the 

100x
Y

YY
yield

base

basepredicted −
=
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southern Indian Ocean are the basic drivers for the spatial variability of African climate. In addition, 

Inter-Tropical Convergence Zone (ITCZ), monsoons, and El Niño-Southern Oscillation of the Pacific 

Ocean are important derives for Africa’s climate variation (Moalafhi et al., 2005). In general, both June 

to September and annual rainfall total is expected to increase for mid and end periods for northern and 

north eastern region of Ethiopia.  

Projected temperature 

Projected temperature indicated that the study districts will experienced warmer temperature than 

today by 2050s and 2080s. On average, maximum temperature is expected to be increased by 1.8 oC by 

2050s and 2.2 oC by 2080s under RCP4.5 emission scenario assumption; and 2.8oC to 3.8oC under the 

highest emission scenario. Similarly, night temperature is will be increased, on average, by 1.8oC and 

2.4oC under RCP4.5 and by 2.7oC and 4.7oC under RCP8.5 by 2050s and 2080s respectively. The result 

further revealed that, maximum increase in temperature is expected under RCP8.5 emission scenario 

assumption relative of the counterpart. 

  

Table 5. Projected change in temperature at Kobo, Sirinka and Enderta districts by by 2050s and 2080s 

 

 

Station name 

Maximum temperature change (0C) Minimum temperatures change (0C) 

2050s 2080s 2050s 2080s 

RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5 

Mekelle 1.7 2.4 2.2 4.0 1.8 2.7 2.3 4.6 

Kobo 1.8 2.3 2.1 4.0 1.7 2.7 2.4 4.7 

Sirinka 1.8 2.4 2.3 3.4 1.8 2.8 2.4 4.7 

Average  1.8 2.4 2.2 3.8 1.8 2.7 2.4 4.7 

3.2. Impacts of climate change on Wheat Vs Sorghum crops   

Sorghum and wheat yield response for projected future climate is depicted in Figure 2. The result in-

dicated that sorgum and wheat production in norther Ethiopia is negatively affected by the future 

climate. Accordingly, sorghum yield is projected be declined in the future. By 2080s, climate change is 

seriously affected sorghum production by 2080s. On the other hand, yield of wheat is projected to be 

increased in the future under RCP4.5 scenario assumption. Most studies clearly showed that elevated 

CO2 is more benefited wheat production through stimulating photosynthesis and water use efficiency 

(WUE) whereas sorghum is least benefited elevated CO2 relative to wheat (Zewdu et al., 2020). 

 

Figure 2. comparison of yield change for wheat and sorghum crops under the future climate 

3.5. Evaluation of Adaptation Practices for Sorghum and Wheat Production 

To reduce climate change uncertainties, following farming practices that better cope with the existing 

climate is most important and timely action if we need to sustain food production (UNFCCC, 2007; 
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Ahmad et al., 2020). Therefore, identifying best practices that stands with the changing climate is 

urgently needed. In this study, the performance of sorghum and wheat production for different 

planting date and fertilizer application were evaluated under the projected future climate scenario 

using CERES-Sorghum and CERES-Wheat cropping system models (CSMs’). 

In rainfed crop production system, the key question is how we can sustain production under the 

changing and variable climate. Agrnomic management plays a significanrt role to determine 

vegetative, reproductive development, and final grain yield in general (Singh et al., 2012). In addition, 

to reduce the adverse impacts of climate change, evaluation and identification of appropriate 

adaptation practices are most significant to sustain production under the changing climate. Herewith, 

planting window and fertilizer application rate were evaluated and presented in below. 

Planting Date  

Adapting planting date is one of the strategy that designed to counterattack the negative impacts of 

climate change on crop production. Table 8 presents response of sorghum and wheat yield to 

different planting windows. The result revealed that, regardless of emission scenarios and the period 

considered, early planting (16-30 June) would give a better yield for both sorghum varieties at Kobo 

and Sirinka. However, delaying the planting dates beyond the normal would result in reduction of 

yield for both varieties at Kobo and Sirinka. On the other hand, early and late planting date at 

Mekelle would result yield penalty. However, normal planting date (01-15 July) is suggested for 

future production of wheat to cope the adverse impacts of climate change. The numbers in bracket 

shows deviation in yield in percent from the baseline yield.  

Table 6 Sorghum yield response for early, normal and late planting at Kobo and Sirinka districts for 

mid (240-2069 and end (2070 to 2099) periods 

  

 

Districts 

  

 

Cultivar 

  

Planting 

window  

Simulated Yield (Yield Deviation %) 

RCP4.5 RCP8.5 

MID END MID END 

 

 

 

Kobo 

 

Melkam 

Early 3333.9 (15.9) 3287.3 (14.2) 3249.6 (13.1) 2852.3 (7.1) 

Normal 3065.2 (6.6) 3067.4 (6.6) 3073.9 (7.0) 2477.1 (-7.0) 

Late 2543.9 (-11.5) 2559.7 (-11.1) 2605.6 (-9.3) 2038.4 (-23.5) 

 Teshale Early 3325.7 (4.7) 3204.7 (4.2) 3102.7 (2.3) 2495.3 (-0.2 ) 

Normal 3300.5 (4.0) 3191.8 (3.8) 3132.1 (3.3) 2551.7 (2.0) 

Late 2972.3 (-6.4) 2924.6 (-4.9) 2941.8 (-3.0) 2513.4 (0.5) 

 

 

Sirinka 

  

Melkam 

Early 4434.1 (11.4) 4392.3 (32.9) 4387.5 (11.2) 3761.0 (8.0) 

Normal 4273.6 (7.4) 3982.5 (22.6) 4172.6 (5.7) 3545.6 (1.8) 

Late 3331.8 (-16.3) 3336.5 (6.4) 3665.9 (7.1) 3185.0 (-8.5) 

  

Teshale 

Early 4337.0 (10.8) 4108.7 (10.8) 4331.4 (4.0) 3099.1 (12.5) 

Normal 3957.1 (1.1) 3743.6 (1.0) 4566.6 (9.7) 2733.3 (-0.8) 

Late 3394.4 (-13.3) 3282.7 (-11.5) 4254.9 (2.2) 2604.9 (-5.5) 

 

Table 7 Wheat yield response for early, normal and late planting date for mid (240-2069 and end (2070 to 2099) 

periods 
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Districts 

 

 

Cultivar 

 

 

Planting window 

Simulated Yield (Yield Deviation %) 

RCP4.5 RCP8.5 

MID END MID END 
  

Early 1970.7 (-2.2) 2024.0 (-6.1) 2110.4 (0.4) 1845.9 (-4.1) 

Mekelle Mekele-1 Normal 2052.1 (1.9) 2137.7 (-0.8) 1735.0 (-17.4) 1905.1 (-1.1) 

    Late 1598.0 (-20.7) 1771.8 (-17.8) 1414.1 (-32.1) 1718.5 (-10.8) 

 

Fertilizer Application Rate  

The response of yield for nitrogen fertilizer under the future climate showed an increase in yield for 

sorghum and wheat. Comparison of future and current yield responses of wheat and sorghum crops 

for different fertilization rates under projected future climate is portrayed in Figure 10. The result 

indicated that increasing of N fertilization rate would result in increased yield of both sorghum 

cultivars by 2050s and 2080s at Kobo and Sirinka. Applying 73 kg/ha of nitrogen fertilizer rate would 

result a decline in yield by 2080s for Teshale sorghum variety under both emission scenarios at the 

studied sites. In line with this, application of 73kg/ha of nitrogen would result a decline in yield for 

melkam variety by 2050s at Kobo and an increase of yield at Sirinka relative to 2080s. 

Figure 3. Yield response of sorghum (Melkam variety) for different fertilizer application rates by 

2050s and 2080s under different emission scenarios at Kobo and Sirinka

Figure 4. Yield response of sorghum (Teshale variety) for different fertilizer application rates under future climate 

conditions at Kobo and Sirinka 
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Similarly, the simulated result indicated that increasing nitrogen fertilizer rates gives a higher yield of 

wheat at Enderta study site. In this regard, application of 73kg/ha of nitrogen fertilizer would result a 

higher yield of wheat by 2050s than 2080s under both emission scenarios. In general, the model 

indicated that, increasing fertilization rate would play a significant role in maintaining or increasing 

yield under future climate conditions.  

 
Figure 5. Yield response of wheat (Mekele-1) for different fertilizer application rates by 2050s and 

2080s under different emission scenarios at Enderta 

3.6. Summary and Conclusion   

Recently, due to the growing concern of increasing greenhouse gases (GHGs) in the atmosphere, the 

issue of climate change has moved to the forefront of the global scientific agenda. Ethiopia is arguably 

the most exposed country for climate change impact due to the high reliance on rainfed system. In 

view of this, this study was conducted to evaluate and identify climate change adaptation practices 

that would increase yield of wheat and sorghum under the future climate. This study was conducted 

in three districts (Kobo, Sirinka and Mekelle) representing lowland and mid-highland agro-ecologies. 

Cropping system model, DSSATv4.8, was used to investigate potential adaptation practices for future 

sorghum and wheat production. Crop management practices; planting date and fertilizer application 

were evaluated under the projected climate scenarios. In addition, sensitivity of sorghum and wheat 

crops for different future climate scenarios was also evaluate using DSSAT4.8.. 

According to the result, the study districts will experienced warmer temperature in the future than 

today.  On average, maximum temperature will be increased by 1.8oC and 2.2oC by 2050s and 2080s 

respectively under RCP4.5 emission scenario. The rate of warming is expected to be higher towards 

the end of the century in all districts considered for this study. Regarding rainfall, the result indicated 

that annual rainfall is expected to be increased on average by 2.8% to 16.6% and by 8.4%-29% by 2050s 

and 2080s, respectively. More specifically, conditioned on emission scenarios considered, annual 

rainfall at Kobo, Sirinka and Mekelle is expected to increase by 8.5-15.6%, 12.2-16.6% and 2.4-8.4% by 

2050s respectively.  

Moreover, results indicated that yield response for the future climate is varied among crops and 

varieties. Future production of sorghum would have drastically affected relative to wheat. The impact 

of future climate on sorghum and wheat production is varied with the types of emission scenarios, 

climate model and time period considered. However, on average, wheat yield is expected to be 
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increased from 2.2-6.6% by 2050s. The result further revealed that early planting of sorghum could 

reduce and/or improve the production under the future climate. Moreover, nitrogen fertilizer 

application might be used to enhance sorghum and wheat production. Hence, field management 

practices such as changing planting date and nitrogen fertilization could be used as adaptation option 

to reduce the adverse impact of climate change in the study area.  

Recommendation  

Based on the findings of this study, we are recommended that: 

❖ Assessment of climate change impacts on crop production as well as ecosystem service should 

consider multiple climate model (GCMs) to enhance predictability. 

❖ Future policy options need to fine-tune climate change adaptation technologies based on 

agro-ecological settings  

❖ Agricultural research and development support systems need to focus on developing/adapting crop 

types and/or varieties resistant to heat and drought stress with appropriate level of extension and 

promotion services 

❖ Focus need to set on integrated farm level crop management practices to increase the yield of wheat 

and sorghum under climate change conditions. 

Cropping system model integrates the biophysical, economic, social and institutional aspects of a 

system under study could be helpful to assess the impact of climate change on crop production and 

explore suitable adaptation practices for further studies 
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