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Abstract
Annual consumption expenditure of the households seriously affected by climate shocks in the country where the major 
livelihood of the community depends on rain based agriculture where adaptation should be key strategy against climate 
shocks effect. This study investigated the effects of crop diversification and irrigation practices adoption on consumption 
expenditure against drought in drought prone area of Eastern Hararghe. Both primary and secondary data was used for 
this study. Irrigation practices and crop diversification practices were mainly practiced and considered as climate smart 
agricultural practices here. Multistage procedure applied and data collected from 430 samples during 2023 year. From 
Hararghe zone four districts were randomly selected. To investigate effects of crop diversification and irrigation prac-
tices on consumption expenditure two-stage least square model was used. Three months scales’ standard precipitation 
index was applied to analysis drought using 33 years rainfall data. Result revealed that livestock, drought experience, 
labor, adopting crop diversity, irrigation practices and household income positively increased consumption expenditure 
whereas market distance, family size and drought affected negatively. So, it is crucial to more advances farmers and 
experts’ information on climate shocks particularly drought and adoption practices that minimize drought effects. The 
policymakers ought to develop farmers’ income generating activities and weather related information service to enhance 
adoption of crop diversification and irrigation facilities to combat the current and future drought effect.
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1  Introduction

Climate change is expected to create major disturbances to the global food and water availability system. It has signifi-
cant effect on the amount of precipitation and temperature distribution both spatially and temporally [1], which affects 
the availability of water [2]. The availability of water also affects the amount of water available for irrigation [3, 4]. The 
amount of water required for irrigation will be one of the major determinants of future water security [5]. As a result, 
the amount of available water will not be enough to meet the needs of the irrigation system due to the future effects 
of climate change [6, 7]. This is mainly due to irrigation water demands for crops will increase in the future [8]. Ref [9] 
indicated that irrigation water withdrawals will increase in the future due to global warming and precipitation changes. 
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Climate change increases water demand for irrigation and decreases crop yields. Moreover, climate change is expected 
to affect agriculture worldwide [10]. It leads to significant reduction in crop yield; even to the level irrigation will not be 
enough to mitigate the severe and detrimental effects of climate change on crop production. The results herald positive 
implications for irrigation demand and for food security may be dire [11]. This is due to extreme heat is likely to cause 
significant decreases in agricultural yields [12].

Agriculture is backbone of the economy and most important sectors for rural farmers’ labor, reduction of the poverty 
level and income earning from export item in Ethiopia [13]. Even if it plays a significant role, Ethiopia’s agricultural sector 
suffers from high levels of climate variability and drought which is increasing from time to time [14, 15]. The climate of 
Ethiopia is noted for its history of extremes event such as drought and shifting trends in temperature and precipitation 
patterns [16]. The projections show that temperature will rise relative to the current state [17] and reduce precipitation 
that will have adverse effects on crop production in Ethiopia [18]. Moreover, as the temperature continues to rise, the 
negative impact of climate change on crops will be increase, therefore, irrigated agriculture is very important to increase 
yield and stabilize yield [19]. The rising temperatures and increased evapotranspiration will increase the amount of crop 
water needed in the future [20]. As a result water supply will become less available in Ethiopia [21].Therefore, climate 
shocks such as drought significantly affecting agricultural yields that leads to food production losses. Climate shocks can 
be explained as amount of rainfall deviations from long term normal condition [22]. Drought is also complex components 
of climate shocks which can be due to moisture deficit that last from month to decades [23].

In Ethiopia for instance in Oromia region, the recent drought has affected around 7,594,827 people of the pastoral and 
agrarian of nearly in 73 woreads of seven zones were estimated to be affected by the drought including East Hararghe 
Zone. The drought situation further worsens the food security, water shortages at the community levels after 2021 [24], 
which lead to a loss of household income and reduce consumption expenditure [24, 25]. The spending by households on 
consumption good including food commodity and non-food commodity such as cloths, education, family health expense 
and purchases of assets are termed as consumption [26] whereas the money amount expense for buying that item is 
considered as expenditure for consumption [27]. The effects of drought on consumptions is directly through reduction 
or failure of agricultural yields and productivity of farm [28, 29] as results of agricultural drought, which is also true in this 
particular area of study. Drought has the most overwhelming effect on agricultural yield and cause Ethiopia to depend 
on food aid for decades [30]. Moreover, food scarcity problem will increase if adaptation measures are not considered 
in Ethiopia [31]. Therefore, adaption strategies such as soil conservation, irrigation practices and crop diversification are 
mostly recommended and adopted [32].

Crop diversification (CrD) is practices that plays significant role in improving soil fertility and enhancing agricultural 
yield, productivities, dietary diversity and resilience against climatic change like shortage of rainfall, flood and drought 
[33, 34]. The small holder farmer also diversifies their cropping activities so as to diversify their food, farm income and 
enhances productivities of their farm land. This is why farmers in moisture stress areas including those in Eastern Ethio-
pia do not depends on the cultivation of single cropping only. According to [34, 35] crop diversity has significant effect 
against climate shocks such as drought. In Ethiopia even if crop diversification was assumed to enhances food nutrition 
and climate shocks risk minimizing [36] the adopting SAPr was found bellow satisfactory [37] and needs further research. 
Moreover, the selection of crop type and crop production largely depend upon the local socio-economic conditions 
including improved market facilities, increasing the availability of organic manure, farmer training and farmers’ par-
ticipation in the available farmers knowledge sharing visit [38]. Crop diversification and reducing dependence on only 
rain-fed agriculture are important [39]. Thus, adopting of the adaptation strategies are best mechanism of minimizing 
negative effect of climate related shocks on agriculture [40]. The other component of practices that is widely used in the 
area was irrigation application. Rain water harvesting for irrigating cash crop also practicing in the area were effective 
awareness was created and promoted to enhances reducing negative effect of climate change on farmers livelihood. 
The study by [21] demonstrated that effect of climate change on the water will be reduced with the application of effec-
tive irrigation practices in Ethiopian. The irrigation application assumed to increase farmers’ welfare through increasing 
farm yield, farm income level, and poverty reduction [41] by minimizing agricultural crop failure and climate change 
effects [42]. The attention was given for promoting and applying of small-scale irrigation in this country. Despite of this 
attention for irrigation development, this sector has not sufficiently improved [43] as whole. For example, in Ethiopia, 
farmers’ participation in irrigation practices is very lower [44]. The study conducted by [45], found the role of irrigation 
in increasing consumption in other area.

Generally, even if Ethiopia has long time exposure to drought, and climate shock events is growing from time to time 
[28, 46], farmers’adoption and implementation of smart practice against drought found at lower level in sub Saharan 
African countries, including an Ethiopian country [37, 47] resulting in low production [48, 49]. In addition to this, it is not 
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clear to what level crop diversity and irrigation application have resulted in the anticipated consumption expenditure 
effect in relation to observed drought in the area. Climate shocks including drought in specific is expected to rises in 
occurrence and scale in the future, causing the rain fed based livelihood in developing world countries at unlimited 
risk. Therefore, identifying role of crop diversification and irrigation activities in reducing negative impacts of drought 
on consumption expenditure ought to be priority issue in moisture deficit area. Unlike most of the studies mentioned 
above, this particular research was undertaken in drought prone area where drought cause crop failure frequently [50, 
51] while farm productivity is decreasing from year to year due to drought [52].The finding from this study can gener-
ate crucial information for the farm community that depends on rainfall based agricultural yields for their livelihood 
and policymakers, so as to understand the trends and effects of drought and encourages the adoption and application 
of appropriate practices. Therefore the main objective of this study is to identify the effects of crop diversification and 
irrigation practices on consumption expenditure in the study area.

2 � The study methodology

2.1 � Describing study area

This research was done at Karamile/Goro gutu, Gursum, Babile, and Kersa woreads in the areas of Hararghe zone, which 
is among 18 zone of Oromia Region. This zone spans 24,933 square kilometers and is situated at 07′ 36′ N & 09′ 41′ N 41′ 
18′ E & 43′ 00′ Es. According to [52], there are 34.7% midland, 7.7% highland, and 67.8% lowland among them. There 
were also 2,723,850 total zonal populations, of which 1,383,198 were men & 1,340,652 were women dwellers. There are 
2,502,365 peoples that were living in rural areas compared to 211,606 urban dwellers [53]. According to [52], the aver-
age yearly rainfall starts from less than 700 m.m in the lowlands or lower kolla to around 1,200 mm in the highlands. The 
temperature likewise varies from 14 to 25 °C. In the area, it is typical for the amount of precipitation to vary from year to 
year and to be unevenly distributed, mainly during the growth seasons. Moreover, the area was found to be affected by 
drought that causes food-insecurity problem [54] and also that aggravated by repeated drought [24, 55] the agricultural 
production is also reduced [52], which caused crop yield loss repeatedly [50]. The map of study area was shown as the 
following (Fig. 1).

2.2 � Data description

Using a prepared questionnaire, the primary data was collected, covering details on the plot, the types of crops planted, 
the types of farm activities, irrigation infrastructure, and issues related to climate shocks for each crop grown on each 
plot of land, income and detailed consumption aspects. Additionally, the enumerators received one day of training on 
the questionnaire’s content and how to use the Kobo Tool Box program on smart phones and tablets to collect data. The 
Ethiopian National Meteorological Service Agency provided the meteorological data for the last 33 years (1990–2022) 
of monthly precipitation records for four representative stations. Four study area districts were randomly chosen from 
each district using the multistage sampling procedure. Ultimately, the [56] algorithm also applied for establishing size of 
sampled number and respondents were grouped then considered by applying probability proportional to population 
size (PPPS) technique. There were 430 respondents, with extra 56 respondents included as a backup in case there were 
any data gathering issues.

2.3 � Descriptive analysis

Additionally, both econometrics approaches as well as the descriptive technique were applied for computing and evalu-
ating the gathered data. Several analytical techniques were applied to the data examination process because the data 
comprised both qualitative and quantitative information. During data analysis STATA version.16, SPSS software, ArcGis 
10.8 version, MS Excel and MS Excel based MAKESENS_1_0 was used in drought analysis. Drought indices of SPI-3 value 
were also interpolated using multivalued spline technique over study area and then extracted by households’ location 
to join drought and household data using ArcGis.
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2.3.1 � Measuring drought, households’ demographic and socio‑economic characteristics

For this particular parts of the research mean, percentage, standard deviation and frequency of data from response 
of adopters of SAPr practice and non-adopter farmers was used to analysis. The statistical significances for both 
continuous and discrete were conducted by applying t-test and chi-squire test, respectively in this study. To analysis 
drought situation in the study area, standard precipitation index method that was developed and applied by [22] 
was also used in addition to farmers’ perception on drought to quantify rainfall shortages based on 3 months’ time 
scales following [22] that recommended for multiple time scale. The formula for Standardized Precipitation Index 
(SPI) used as:

where SPI of the ith season at the 3th time scale. The total amount of rainfall for ith season is Xij . The mean and standard 
deviation are presented as μij and σij.

After that, a gamma probability density function fitted to the rainfall data was used. Next, the probability is equally 
transformed from the cumulative distribution to the standard normal distributions, which has a variance of one and 
a mean of zero which termed as SPI-value that used to analyze agricultural drought [22]. In this particular study 
3-months-SPI was computed using MS Excel for each rainfall station. Then SPI was set equal 1 if the value of SPI is 
less than − 1.5, indicating a severe drought, otherwise, 0 for respective season.

(1)SPIij =
���−���

���

Fig. 1   The study area map
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2.3.2 � Variables and definition

The most and widely applied smart agricultural practice is small-scale irrigation, which is considered if farmers 
were at least practiced rainwater harvesting, using cannel-based irrigation, and using ground water to grow vegeta-
bles, other cash crops, and as supplementary water for other crops. Irrigation is crucial for maintaining agricultural 
production and reducing adverse influences due to drought or insufficient rainfall. Similarly, crop diversification is 
the other widely used climate smart component, which is meant to reduce effects of drought. Furthermore, Eastern 
Hararghe farmers cultivate a variety of crops, including sorghum, maize, groundnuts, haricot beans, sweet potatoes, 
vegetables, and khat, to withstand the impacts of drought and increase productivity as crop diversification practices. 
Definition and expected effects of the variables were shown as (Table 1).

2.4 � Study framework

The following (Fig. 2) shows the visual representation that outline the key steps involved in conducting and finalizing 
this research work in the form of flowchart. It starts from defining research question to data analysis and interpretation.

Under defining research problem and setting objectives, the problem that research and the objective of the study was 
explained. During literature review the review of the previous studies that support this research work were reviewed. 
Similarly under identifying research methodology research methodology justified, sampling technique selection, devel-
oping model acceptability justification, developing questionnaire in data collecting tool box & test. Under data collection 
section, following data and monitoring data gathering. Data preparation, clearing, justifies statistical technique and data 
analyzes. Finally Interpreting the finding and compare with previous research finding was done.

Table 1   Variables and 
hypothesis used for model 
analysis

NB: SPI-summer and SPI-spring are indicators of drought(standardized precipitation index)

Variables Measurements Expected 
effect on 
adoption

Dependent variables
Log(Cosumtn.Expr) Total annual per adult consumption expenditure in Birr
Independent variables
Log(total households’ income) Annual income in ETB(Ethiopian Birr) +
Age Age of family head in year ±
Gender Male headed family = 1, otherwise 0 +
Household size size of family in number ±
Land area Area of land in hectars +
Education of head Education in formal years schooling +
Access to extension Access to extension = 1 +
Market distance Distance to market in kms −
Climate information 1 if accessed 0 if not +
Farm experience Farm experience in years +
Livestock holding Total livestock holding in TLU +
Social memberships 1 if membership, 0 if not +
Market information 1 if accessed, 0 if not +
Non/off-farm activity 1 if participated, 0 otherwise +
Drought/shock experience Drought experience in the last 10 years +
Number of Oxen Oxen owned in number +
Number of farm plot Plot owned in number +
Labor force Number of active family members +
SPI-summer-22 1 if spi-summer is less than − 1.5, or 0 for 2022 +
SPI-summer-20 1 if spi- summer is less than − 1.5, or 0 for 2020 +
SPI-spring-20 1 if spi-spring is less than − 1.5, or 0 for 2020 +
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2.5 � Determinants of annual consumption expenditure

To identify determinates of annual consumption expenditure multiple linear regression was applied as:

where, yi is per adults annual consumption expenditure (PaCE). And the drought variables also included in the model as 
summer Spi and spring Spi used for 2022 drought year as dummy variable in the study.

a0 is the intercept and a1,a2……… .ai are the coefficient of the parameter (slopes). ui is represents the disturbance 
terms and xi are explanatory variables including crop diversity and irrigation variables as dummy in the model. The 
models’ dependent is logarism of total per adult consumption expenditure and therefore one change in dependent 
variable is interpreted as percentage change per adult PaCE, for a unit changes in the dependent variables. However, 
endogenity issue was observed due to included annual income (logarism) in the model. Moreover, analyzing of the 
model showed that the error term is correlated with endogenous variable confirming the application ordinary least 
square regression model could resulted in inconsistent and biased estimate [57].Therefore, instrumental variable based 
technique of two-stage-least-square model (2SLSM) was applied to estimate the parameter due to its importance when 
dealing with endogeneity problem [58].

The presence of the endogeneity issue was confirmed by Durbin and Wu-Hausman test. The null hypothesis test 
states that the variables are exogenous and this test was found to be statistically significant. Therefore, this significant 
confirms presence of endogeineity issue and rejection of null hypothesis. In this study, annual income in logarism form 
affects annual total consumption expenditure per adult and consumption expenditure can also determine income level. 
Therefore, access to climate information, participation in non-farm income generating activities and household income 
without log form were found as valid instrument. There variables determined total income (log-income). Therefore, the 
instrumental variable based 2SLSM was used as the following equation:

(2)log(yi) = a0 + a1x1 + a2x2 + a3x3 + a3drought(spi). +⋯ + aixi + ui

(3)
ivregress 2sls log(yi) = a0 + a1x1 + a2x2 + a3x3 + a3drought(spi). +⋯

+ aixi(endogenous variable = instrument variables)

Fig. 2   Flowchart of study 
framework
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2.6 � Limitation of the study

The main challenges that faced during investigation of consumption expenditure effects of adoption against drought 
tragedy was lack of record keeping for each food commodity purchased and prices. In addition, the information gener-
ated was based on data from the farmers that may not be responded correctly to some questions that related to income 
for fear of possible increment of taxes.

Furthermore, the study was conducted mainly based on the information that was generated from the household 
survey during a single cropping season due to the limitation of budget, time and logistics. Due to this, the study was 
used cross sectional data instead of panel data which may reveals changes over time.

3 � Results and discussion

3.1 � Socio‑Economics and demographic characteristics

Result showed differences between adopter and smart agricultural practices (SAPr) non-adopter focusing on their socio 
economic factors. Regarding SAPr practices non-adopter, farmers that do not applied any of crop diversification and 
irrigation practices on at least one of their farm plot were considered in this particular study. It this study, out of total 
sampled respondents, non-adopters accounted for about 9.5% of farmers. The results from descriptive statistics showed 
that farm experience, education, drought experience, ox number and market distance were the variable that showed 
significant mean differences between the two groups (Table 2).

Result revealed that, mean of farmer experience in the farm activities of non-adopter is 19.12 years while that of adop-
ters was 23.4 years in farming with significant mean difference at 1% probability level. This implies that more experience 
in farming enhances farmers to adopt the SAPr such as crop diversity and irrigation practices than non-experienced 
one. This shows more experienced farmers may found it simpler to identify what to do so as to minimize the effect of 
drought and increase benefit from their farm. It also showed that the average formal year of schooling of adopters was 
grade 5.1 whereas that of non-adopters was grade 3.8 showing the significance mean differences at 5% probability. The 
educated farmers adopted and implemented the appropriate SAPr that increase their agricultural yield and increase 
their consumption expenditure.

The sampled farmers were asked regarding the years they faced the drought/climatic shocks in the last ten years. The 
result revealed that, the mean drought/climatic shocks experience of adopters was found to be around 3.7 year whereas 
that of non-adopter was 3.1 years. Result showed that there is a significant mean difference in drought experience at 1% 
for the last ten years. This implies that previous drought experiences of the farmers may encourage them in the ways to 
adopting and implementing different smart agricultural practice on their farm. The results also showed that, on average 
adopters had 1.3 ox in number of livestock while non-adopters had 0.9 ox in number of livestock with significance mean 
difference at 1% probability level. The livestock are used as a power of draught, transportation and income source for rural 
households. On average non-adopter were found at 11.2 km whereas adopters of practices were found at distance of 6.1 

Table 2   Results of socio 
economies and demographic 
characteristics of sampled 
respondents

Source: Own survey results, 2023; ***,** and * shows at 1%, 5% and 10% significant, respectively

Variables Adopter (n = 389) Non-adopter (41) Mean differ-
ence

t-values

Mean Std.Erer Mean Std.Erer

Age of respondent 38.37 0.57 36.85 1.55 1.51 0.825
Farm experience 23.35 0.41 19.12 1.21 4.23 3.217***

Education respondent 5.12 0.19 3.78 0.55 1.34 2.191**

Dry/shock experience 3.73 0.07 3.17 0.19 0.56 2.519***

Family size 6.21 0.11 6.34 0.34 0.13 0.369
Farm size 0.47 0.01 0.45 0.03 0.02 0.639
Labor force 4.93 0.08 4.68 0.28 0.25 0.978
Number oxen 1.29 0.07 0.93 0.22 0.37 1.537*

Market distance 6.15 0.73 11.25 0.29 5.10 5.548***
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km from the market with significance mean difference at 1% probability level. Farmers that access market in short distance 
can get farm input and information for input simply compared to distant farmers. So they adopted SAPr mainly irrigation 
and crop diversity practices simply. This enhances farmers to increase their consumption expenditures against drought.

In the area as it was shown in the Table 3, 62.9% of the adopters of crop diversification practices accessed extension 
service. Similarly, 60% of irrigation practices adopters and 72% of the adopters of combined practices accessed extension 
service while 37.1% of adopters of diversification, 40% of irrigation adopters and 28% of combined practices adopters 
not accessed extension service. In the case of non-adopters of SAPr practices 65.9% of non-adopters accessed extension 
service whereas non-adopter of smart practices that do not obtained extension accounts for 34.1%. Precipitation and 
temperature are the main seasonal elements that influence agricultural activity. Both are influenced by climate change. 
A key factor that influence adoption and implementation of SAPr practices mainly crop diversification and irrigation 
application is having access to weather information. The result shows that 62.1% of crop diversity practices adopter and 
70% of irrigation practices adopters’ accessed information. Similarly, 56% of both combined practices adopters accessed 
information. In the area, 37.9% of crop diversity practices adopter and 30% of irrigation practices adopters not accessed 
climate information whereas 44% of both practices combined adopters not accessed climate information. In the case of 
non-adopters of smart practice 58.5% of them accessed weather information while 41.5% of them not accessed infor-
mation in the area. This implies that adoption of SAPr practices requires on time weather information to respond to and 
minimize the effect of climatic shocks (Table 3).

The results in the following (Table 3), showed that 56.9% of crop diversity practices adopters and 48.8% of irrigation 
practices adopters were male headed. In the study area also 53.4% of both combined practices namely crop diversity 
and irrigation practices adopters are male headed households. On the other hand, 43.1% of crop diversification practices 
adopters and 51.2% of irrigation practices adopters were female headed household. Regarding non-adopters of smart 
practices 56.1% of non-adopter are male headed while 43.9% of non-adopters were female headed. Sex of the house-
hold head is significant variable that influences SAPr practices adoption. The family head membership in farmer social 
associations is very important variable in rural area. According to the result, 67.2% of crop diversity practices adopters 
and 66.2% of irrigation practices adopters participated in the social group. Out of the SAPr practice non adopter, 58.5% 
of non-adopters participated in social group and 41.5% of non-adopters not participated in any social organization as 
presented in the following (Table 3). This implied family head participation in the organizational membership determined 
crop diversity and irrigation practices adoption. This also implies that significant number of farmers that adopted SAPr 
can reduce the adverse impacts of drought on their farm so as to increase their consumption expenditure in drought area.

Table 3   Descriptive results 
of sampled respondents for 
dictate variable

Source: Own survey results, 2023; ***,** and * shows at 1%, 5% and 10% significant, respectively

Variables Adoption and application of crop diversity and irrigation practices Total

Non-adopter Crop diversity Irrigation Crop diversity 
and irrigation

Extension
Otherwise 34.1 37.1 40 28 33.3
Access 65.9 62.9 60 72 66.7
Sex of respondent
Female 43.9 43.1 51.2 46.6 46.3
Male 56.1 56.9 48.8 53.4 53.7
Climate information
No 41.5 37.9 30 44 39.5
Yes 58.5 62.1 70 56 60.5
Non/off-farm activity
Otherwise 29.3 17.2 17.5 16.6 18.1
Yes 70.7 82.8 82.5 83.4 81.9
Social group
No 41.5 32.8 33.8 32.6 33.7
Yes 58.5 67.2 66.2 67.4 66.3
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3.2 � Proportion of area under high value cash‑crops, stress tolerant and other cereal

Farmers in the area were adopting and practicing several SAPr practices including crop diversification in order to 
minimize the negative effect of climate shocks mainly drought which also confirmed by [51, 55]. In this descriptive 
parts of study, crop diversifying activity was considered as land area allocated to high value cash-crops, stress tolerant 
and early maturing crop to enhance climate shocks effect minimization in the area. The descriptive results (Table 4), 
showed the area allocated to high value cash crop and stress tolerant is 55.5% and out of which 24.13% and 14.54% 
were allocated for khat and stress-tolerant, respectively. This shows significance of khat crop which used as main 
cash crop in Hararghe area. So, this share of area allocated to khat, groundnut, coffee, sweet potato, vegetables and 
improved pulse are considered as crop diversifying activities. Study conducted by [59] also noted that, crop diversity 
is important in reducing effect drought.

3.3 � Major smart agricultural practices (SAPr) adopted

Regarding components of smart agriculture (SAPr) that adopted in the area, and also considered as practices are 
crop diversification and irrigation practices. The following (Fiure.3) showed the percentage of farmers that adopted 
different practices in single and combination of practices. It revealed that 27.0% of the farmers adopted crop diversity 
practices only whereas 18.6% of them adopted irrigation practices and 44.9% of the farmers adopted both com-
bined irrigation practices and crop diversification. The non-adopters of the practices account for around 9.5% of the 
respondents as in (Fig. 3) bellow. This implies that significant number of farmers adopted combination of the SAPr 
practices to reduce the adverse impacts of drought on their livelihood so as to increase their farm income and per 
adult consumption expenditure in drought area.

Table 4   Area shares of 
different crops in the study 
area (%)

Source: Survey result,2023; High value cash crop & stress tolerant include khat, coffee, vegetable, sweet 
potato, Groundnut

Crop/group of crop grown in the area Mean SE

Local sorghum 7.87 0.455
Maize 33.16 1.102
Wheat 2.20 0.421
Burly 1.24 0.275
Stress tolerant sorghum 14.54 0.844
Coffee 0.041 0.041
Groundnut 3.69 0.487
Khat 24.13 1.036
Sweet potato 1.16 0.255
Improved Pulses 4.22 0.443
Vegetables 7.77 0.831
% area share of high value cash crop 55.53 0.984

Fig. 3   Adoption and applica-
tion of crop diversity and 
irrigation practices
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3.4 � Components of income and consumption expenditure

Annual farm income of the farm households includes income from sell of farm product including from sold crop, cattle 
and others in the area. When evaluating means annual farm income, SAPr adopters (crop diversification and irrigation) 
were found to have more farm income that obtained from their farm. On average total annual farm income for the 
sampled SAPr practices adopters in the area was 34675.2ETB whereas average annual farm income of non-adopters 
was around 27535.4ETB. This also indicated that the sampled households who do not-adopted and adopted have 
a significant mean differences at 10% in the annual farm income that annually obtained from cash crops including 
khat, livestock product and by-product etc.

The total annual consumption expenditure (ACE) is part of household expenses made by households in the in one 
year. It is expenses that used to buy several commodity mainly foods items and non-foods items for the whole family 
members need within the last 12 months prior to survey. On average SAPr adopters had higher annual consump-
tion expenditure relative to non-adopters as shown below (Table 5). As shown in the following, results showed total 
annual consumption expenditure of the adopter was about 40926.7ETB whereas that of non-adopters of practices 
was 34324.9ETB. The findings revealed that, significant mean differences in mean at 1% of significant level in terms 
of annual consumption expenditure (ACE). This implies that adoption of SAPr practices improved the income of 
households that encourage consumption expenditure of the household.

Food and non-food expenses, as well as production costs, were included in farmer consumption expenditures. 
However, food spending covers the cost of food that they bought or other foods that were not grown on their farms, 
as well as the worth of food that they generated from their own agricultural land. The result showed that, out of total 
consumption expenditure, annual food expenditure accounted for about 67.98% whereas non-food expenditure was 
32.02 for adopters of SAPr. Similarly annual food expenditure of non-adopter accounts for about 73.35% and non-
food expenditures accounts for 26.65% out of total annual household expenditure. This implied that, rural farmers 
distribute their annual income to fulfill the gap of family need. Moreover, the amount of annual food consumption 
expenditure is greater than the annual expenses used up for commodities other than food consumption. This is 
mainly due to food consumption expenditure is determined by family size and food is also basic item that needed 
daily by everyone to survive. And also the ratio of family food consumption expenditure is mostly used as a stand-
ard determinant of the households’ welfare according to [60]. The mean difference between the two groups shows 
significance variation in annual food expenditures at 10% level. It implied that adopters consume more compared to 
non-adopters due to consumption increases as income increases from adopted practices. The group of non-adopters 
also increased their food expenditure as adopters did to feed the family, even in time of shock, they may purchase 
food by selling their livestock assets and other asset to feed family.

Results also showed non-food consummation expenditure significances differences in mean at 1%. This implies 
that adopters may increase their non-food expenditure due to increased more yields and farm income generated 
due to SAPr adoption on the farm. It is evident that when smallholder farmers experience climate shocks, especially 
drought, rural households prefer to reduce their use of non-important products and services in comparison to those 
who adopted practices (Table 5).

3.5 � Drought analyses

The Standardized Precipitation Index (SPI) which applied to identify aspect of drought using rainfall data of 33 years 
(1990–2022) at a three-month time scale was applied/used. This means to quantify drought in terms of three months 

Table 5   Annual per adult 
consumption, food, non-food 
expenditure and farm income

 Source: Own survey results,2023; ***,** and * shows at 1percent,5percent and 10 percent significant, 
respectively; ETB=Ethiopian Birr 

In ETB annually Adopter Non-adopters Mean difference t-value

Mean SE Mean SE

Total expenditure 40,926.7 659.1 34,324.9 1642.4 6601.9 3.14***

Non-food expend 13,104.6 403.7 9148.2 1033.4 3956.4 3.07***

Food Expenditure 27,822.1 581.8 25,176.7 1529.7 2645.5 1.42*

Total farm income 34,675.2 1580.0 27,535.4 3825.5 7139.7 1.42*
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scale SPI which is mostly used in representation of effective agricultural drought. Therefore, the SPI value was used to 
investigate drought magnitude, severity and also intensity of drought according to [61]. The negative values of SPI indi-
cated drought occurrences whereas positive indicated absence of drought. In this analysis, 3-months SPI which is applied 
to compares the specified 3-months rainfall with similar three months of 33 years was applied in this study. Following 
the [22], the drought level category was divided into mild, moderate, severe and extreme.

As indicated in the following (Fig. 4), the rain fall data of Babile, Karamile/Goro-gutu and Gursum station was used and 
3-months scale SPI was computed as drought indexes for Summer season. The result showed that, in the three districts 
the summer season SPI-3 values showed fluctuation of drought which is mostly severe drought in the area. In Babile 
district in 1991, 2003, 2011, 2012, 2015, 2019 and 2020 showed extremely drought (− 3.199), severe drought (− 1.786), 
extremely drought (− 3.214), severe drought (− 1.6077), extremely drought (− 2.784), severe drought (− 1.786) and 
extremely drought (− 3.423) has occurred with precipitation deficits in summer seasons. In Gursum district severe drought 
(− 1.848) in 1999, extremely drought (− 2.1916) in 2000, extremely drought (− 2.1988) in 2001, server drought (− 1.785) in 
2005, extremely drought (− 2.296) in 2008, extremely drought (− 2.4295) in 2013, extremely drought (− 2.2187) in 2014, 
severely drought (− 1.7288) in 2022 was occurred in the area as presented in (Fig. 4). This shows that how the severity of 
the drought in increasing from time to time which negatively affecting the moisture stress area of Eastern Hararghe in 
genera. As observed from the following (Fig. 4) results, the up-ward or positive values of spi showed rainfall presence or 
wet months whereas down words or negative vales revealed severity of the drought situation. It also showed the sever-
ity of the drought is increasing from year to years. Therefore, unless appropriate adoption of SAPr practices such as crop 
diversifying practices and irrigation is promoted and facilitated, the situation of drought will be the series problem for 
those whose their main livelihood is depends on rainfed agriculture.

3.6 � Determinants of per adult consumption expenditure(PaCE)

In the evaluation of factors affecting consumption expenditure, two-stage least square (2SLS) and multiple linear regres-
sion model were applied for comparison. Variance inflation factors (VIF) was also undertaken to test multicollinearity 
test among independent variables and confirmed that data was free from multicollinearity problem (Appendix Table 7). 
Similarly, the Breusch-Pagan test was also used and the result showed that there is no heteroscedasticity problem in the 
models (Chi2(1) = 1.26, Prob > chi2 = 0.2623) (Appendix Table 8).The model R-squared value shows that the variables 
found in the model explained about 62.3% of variation in per adult consumption expenditures, with other factors that 
were not included accounting for 37.7% of variation in the expenditures. An examination of the F-statistic value revealed 
the jointly correlation between the independent and dependent variables. The per adult consumption expenditure are 
influenced by multiple variables at the same time, as indicated by the 32.18 value of F-statistics (Table 6).

The endogeneity test was also conducted by using Durbin and Wu-Hausman test and p values were significant. This revealed 
that the null hypothesis which states variable are exogenous was rejected, thus annual household income variable (in log form) 
was endogenous as shown in (Appendix Table 9). The analysis of the equation using ordinary least square model (OLS) gener-
ate biased and inconsistent estimate. All instrumental variables (access to climate information and participation in non-farm 
income generating activities were found as determinants of total annual household income (log) and F(1,407) = 12.0661 and 
Chi2 = 12.3809 from Durbin and Wu-Hausman test was revealed endogeneity issue. From (Appendix Table 9), the test of weak 
instrument showed that there was no weak instrument and instrumental variables were valid. Following two-stage-least square 
model, the test statistic value of 165.859 greater than its critical value of 22.3 and there was no problem of weak instrument 

Fig. 4   Three districts monthly 
Spi-3 value of drought
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in the analysis. According to [62], the instrument variables are relevant when F-statistic is exceeded or greater than 9.08 with 
three instrument and 10.83 with five instrument variables. The test of instrument exogeneity revealed that the instrument is 
uncorrelated with the error term in the model. The STATA command estat overid test also applied to check exogeneity of the 
instrument. The test of Sargan (score) showed that chi2(2) is 1.22203 with p value of 0.5428, and Basmann chi2(2 is 1.15711 with 
p value of 0.5607 that revealed the insignificant test statistic. This also confirmed validity of instrument and correctly specifica-
tion of the model (Appendix Table 9). Therefore, IV based 2SLS model was applied to correct endogeneity issue.

As shown in the following (Table 6), different variable influenced the consumption expenditure. These variables 
includes drought variables(Spi-summer-2022), drought experience, sex, size of family, family labour forces, num-
ber of livestock, market distance, adoption of irrigation and crop diversification practices influenced consumption 
expenditure significantly. It revealed that, per adult consumption expenditure was increased by 5.1% as the house-
hold head was male. Farm activates are labor intensive and also female do not easily get information regarding to 
input facilities and other improved agricultural technologies. This results agreed with finding of [63], that showed 
being household head is female influenced significantly the likelihood of being poor. The consumption expenditure 
was decreased by 4.1%, as family size increased by one person. This implies that large family size in rural area reduces 
welfare status of family. More household members create more burdens on family resources including income and 
forced the households to reduce not only non-food consumption but also food consumption. These also due to large 
family member consume what one or two family member produced in most of the rural families. Studies by [64] also 
revealed the negative relation between family size and consumption expenditure. The other finding also contradicts 
this [65–67], that noted the large family size related positively to family consumption expenditure. Similarly, family 
active workers influenced positively and significantly per adult consumption at 1% significant level.

Table 6   Determining annual 
consumption expenditure: 
OLS and 2SLS estimates

Sources: Own survey results, 2023; ***,** and * shows at 1%, 5% and 10% significant, respectively

ln_Cons.Expdit(log) OLS 2SLS

Coeff (SE) t-values Coeff (SE) t-values

Age − 0.0001 (0.0010) − 0.06 − 0.0001 (0.0010) − 0.12
Farm experience 0.0007 (0.0013) 0.52 0.0005 (0.0013) 0.41
Education respondent 0.0001 (0.0030) 0.03 0.0003 (0.0030) 0.1
Drought experience 0.0265 (0.0074) 3.58*** 0.0255 (0.0073) 3.49***
Access extension Se 0.0190 (0.0224) 0.85 0.0183 (0.0220) 0.83
Sex of respondent 0.0501 (0.0211) 2.37** 0.0505 (0.0208) 2.43**
Family size − 0.0429 (0.0046) − 9.34*** − 0.0409 (0.0046) − 8.97***
Farm size 0.0411 (0.0509) 0.81 0.0462 (0.0502) 0.92
Labor force 0.0427 ((0.0070) 6.08*** 0.0396 (0.0070) 5.67***
Plot number 0.0019 (0.0099) 0.2 0.0024 (0.0098) 0.24
LivstkTLU 0.0137 (0.0075) 1.84* 0.0129 (0.0074) 1.74*
Market distance − 0.0033 (0.0017) − 1.89* − 0.0029 (0.0017) − 1.69*
Markt information 0.0005 (0.0215) 0.02 0.0015 (0.0212) 0.07
Crop diversification 0.0678 (0.0221) 3.07*** 0.0587 (0.0219) 2.68***
PartcPSNP 0.0144 (0.0290) 0.5 0.0191 (0.0286) 0.67
Spi-summer-2022 − 0.1626 (0.0342) − 4.76*** − 0.1531 (0.0338) − 4.53***
DroghtErlV 0.0360 (0.0212) 1.7* 0.0280 (0.0210) 1.34
SS irrigation 0.0570 (0.0221) 2.58** 0.0520 (0.0218) 2.38**
Spi-spring-2022 − 0.0041 (0.0068) − 0.6 − 0.0021 (0.0067) − 0.32
Annual Income(log) 0.1190 (0.0121) 9.84*** 0.1564 (0.0161) 9.74***
cons 7.7837 (0.1590) 48.96*** 7.3988 (0.1918) 38.58***
F(21, 408) =  32.18
Prob > F =  0
R2 =  0.6235 0.6147
Wald chi2(21) =  691.02
Prob > chi2 0
Obs = 430
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It showed that consumption expenditure was increased by 4.0% as family labor increased by one person. This 
implies that a large family labor force enhances improvement of agricultural production and family income genera-
tion. This shows more number of active labor forces members of family positively affect family welfare or consumption 
expenditure. This agreed with [68] that showed this generated income increases family consumption expenditure 
Livestock in tropical livestock influenced the consumption expenditure positively and significantly at 10% significant 
level. The consumption was increased by 1.3% as livestock number was also increased by one unit. This shows that 
families with large livestock in rural area indicate wealth status of the family and served as crucial asset to gener-
ate income. This agrees with [69, 70], that showed livestock used as a ways of storing wealth for rural families. The 
household assets including livestock number have significant role in reducing adverse impact of climate shocks on 
family consumption expenditures. In rural area, livestock used as a means of wealthy storing and are a significant 
asset for rural families as source of farm income, providing expense for purchasing both food and non-food com-
modities. This confirms studies by [69, 71] that revealed large livestock can reduce negative effects of climate shocks 
like droughts on consumption (Table 6).

The annual consumption expenditure was influenced negatively and significantly by market distance at 10% level. The 
per adult consumption expenditure reduced by 0.3% as market distance increased by a unit of kilo meter. The shorter 
market distance mean farmer can get agricultural input and sold agricultural production simply and to purchase other 
consumption good that increase consumption expenditure. This results supported by [72, 73] that revealed access to 
market road increase diversification of income that increases per capita consumption. Farmers in short distance can 
get market information on what to produces to the market so as to increase family income and per adult consumption 
expenditure. This results agree with [74, 75] that showed role of access to road in increasing income and finding [74, 
76–78] that revealed effect of access to market road in reducing poverty by enhancing agricultural production and 
product for marketing.

Drought variable (Spi-summer-2022) was evaluated as a standard precipitation index from previous 33 years rainfall that 
reduces total annual per adult household consumption expenditure. This drought/climate shocks influenced consumption 
expenditure negatively and significantly at 1% significant level. The consumption expenditure was reduced by 15.3% as 
previous year rain fall condition was drought. The importance’s of applying this indicator agree with [79] that showed the 
importance of climate variables that affect significantly crop yield. The results also agreed with finding [80] that revealed 
rainfall amount reduction resulted in decreases of per adult income per day by 18.3%. This implies drought affects farm-
ers’ agricultural production negatively that challenges the farmers’ income source and food products. The results also 
in line with [81] study that revealed the negative association between higher temperature and consumption per adult. 
Moreover, the results showed that climate shocks reduce the likelihood of being food self-sufficiency of the households.

In minimizing negative effects of drought on agricultural production, farmers were incentivized by prevailing drought 
to adopt crop diversification and irrigation practices on their farms. The model results revealed that total annual consump-
tion expenditure increased positively and significantly at 1% significance level as the farmer adopt crop diversification. 
The consumption expenditure found to be increased by 5.9% as farmers adopted crop diversification practices. This 
implies that farmers in the area adopted crop diversification activities to diversify their income source and minimize 
risk of crop yield loss due to drought. This also agreed with finding of [82] that revealed diversity of crop increases the 
resilience of agricultural products against climate shocks. In addition to this, adoption and application of irrigation prac-
tices influenced per adult consumption expenditure positively and significantly at 5% significant level. The consumption 
expenditure per adult was increased by 5.2% as farmer adopted irrigation practices on their farm. This implied that appli-
cation of irrigation helps the farmers to increase production and productivity of their farm. This results consistent with 
[83–85] that revealed contribution of irrigation in increasing farmers income and livelihoods resilience against shocks 
through growing higher value cash crops for the market even more than once in a year. It is also minimize risk of crop 
yield loss due to drought. This results supported with finding of [86, 87] who showed role irrigation water in increasing 
income and ensures food security. Thus we can observe that adoption of climate smart practices such application irriga-
tion water and crop diversification increases the consumption expenditure of the small holder farmers in drought area. 
These results agree with [88, 89] that showed positive impacts of climate smart practices adoption on households’ welfare.

The annual household income (logarism) has influenced farmer’s consumption expenditure positively and significantly 
at 1% level of significant. The results revealed that consumption expenditure was found to be increased by 15.6% as 
annual household income increased by 1%. Moreover, the results showed that using instrumental variable based 2SLS 
estimator improved the effects income on consumption expenditure to 15.6% compared to OLS model application when 
total annual income was treated as endogenous variable. Similarly, more household income allowed them to consume 
desire amount of food commodities and other than food items. Therefore, this founding show that as household income 
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increased the consumption expenditure found to be increased. This also agreed with finding of [90] that revealed house-
hold income encourage household consumption.

4 � Conclusion and recommendation

This study investigated factors influencing per adults consumption expenditure (PaCE) in drought prone area of Eastern 
Hararghe, Ethiopia. The model results revealed that family size negatively influenced consumption expenditure. But, 
family active workers influenced consumption expenditure positively as large labor forces enhance agricultural yield. 
Livestock related positively to consumption expenditure. Market distance related negatively to consumption expenditure. 
Drought/climate shocks as indicated by Spi-summer-2022 negatively influenced consumption expenditure.

Generally, it was observed that drought is significantly reduced consumption expenditure of the farmers. Livestock, 
drought experience, family labor and household income positively increased consumption expenditure whereas market 
distance, family size and drought (Spi-summer-2022) affected per adult consumption expenditure negatively and signifi-
cantly. Similarly, adoption of irrigation and crop diversification activates significantly increased consumption expenditure. 
Policymakers ought to encourage institutional services including information related to drought situation and weather 
related information delivery system so as to enhance adoption of SAPr practices. Income generating activities should be 
established and encouraged for smallholder farmers to increase consumption expenditure. The other important policy 
implication from the finding is also that observing the drought trends it is imperative that GOs and NGOs that work to 
support the farmers against drought should focus on promoting the adoption of smart agricultural practices.
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Table 7   Multicollinearity test Variable VIF 1/VIF

Spring-Spi 1.38 0.7269
Summer-Spi 1.38 0.72712
Family size 1.29 0.77641
Labor force 1.27 0.78799
Education of respondent 1.25 0.80162
Age respondent 1.23 0.81059
Non-farm activities 1.18 0.84683
Irrigation 1.16 0.86368
Number of oxen 1.15 0.87076
Farm experience 1.13 0.88381
Crop diversification 1.13 0.88497
Access to extension 1.13 0.88703
Organization membership 1.12 0.89281
Livestock TLU 1.11 0.90355
Sex Respndt 1.1 0.91185
Market distance 1.09 0.91928
PSNP participation 1.08 0.93008
Access climate infor 1.07 0.93154
Market information 1.07 0.93729
Farm size 1.06 0.94107
Plot number 1.06 0.94285
Drought experience 1.06 0.94755
Mean VIF 1.16

Table 8   Diagnostic test of the 
model

Tests Test name Statistics value Prob/decision

Hettest (Breusch-Pagan test) 
(Chi2(1))

Hetroscedasticity 1.26 0.2623

Vif test Multicollinearity 1.16 No problem

Table 9   Endogeneity, test for weak instrument and instrument validity test of the model

Endogenity test Test name Test statistics Value Prob/decision

estat endog Endogenity Durbin (score) chi2(1) 12.3809 0.0004
Wu-Hausman F(1,407) 12.0661 0.0006

estat firststage

Variable R2 Adjusted R2 Partial R2 F(3,406) Prob > F

Lntotalanual income 0.6306 0.6096 0.5507 165.859 0
Minimum eigen statistic value 165.859
Critical values
Ho: Instruments are weak # of endogenous regressors 1

# of excluded instruments: 3
5% 10% 20% 30%

2SLS relative bias 13.91 9.08 6.46 5.39
10% 15% 20% 25%

2SLS size of nominal 5% Wald test 22.3 9.54 8% 13%
LIML size of nominal 5% Wald test 6.46 3.69 3.32 4.36
Tests of overidentifying restrictions Sargan (score) chi2(2) 1.22203 p = 0.5428
Estat overid Basmann chi2(2) 1.15711 p = 0.5607
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