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Abstract 

Rainfall play an important role in crop management and monitoring, as it directly influences planting calendar, irrigation needs, 

crop growth and yield outcomes. This study was attempted to analyze seasonal rainfall variability and its impact on wheat crop 

production to understand association of seasonal rainfall characteristics with wheat crop production over North Showa Zone 

Amhara Region. Both time series station and satellite gridded rainfall data sets were obtained from Ethiopian Meteorology 

Institute from 1985 to 2021. Wheat crop production for main rainy season (Meher) was obtained from Ethiopian Statistical 

Service from 2010-2021, collected from household farm association level. Analysis of rainfall data sets was provided with 

climate data tool (CDT V8), R studio and Microsoft excel and ArcGIS 10.8. Coefficient of variation, precipitation concentration 

index and Standardized anomaly index (SAI) were applied to analyze long year seasonal and annual rainfall variability. 

Man-Kendall trend analysis methods were applied for rainfall trend analysis. Correlation coefficient on the other side has been 

applied to analyze rainfall variability impact on wheat crop production. The findings of this paper indicate irregular variation of 

spring (Belg) rainfall, moderate to low variation in summer and annual rainfall over the study area. Using correlation and 

coefficient of determination (R²) analyses, significant spatial variability was observed in the rainfall-crop relationship. Strong 

positive correlations were found in districts such as Ensaro (r = 0.7, R² = 0.4384) and Tarmaber (r = 0.7, R² = 0.5223), where over 

40% and 50% of the variability in wheat production can be attributed to rainfall, respectively. Conversely, weaker correlations 

were evident in areas like Mojana Wodera (r = 0.5, R² = 0.2049), and Ankober (r = -0.3, R² = 0.097), suggesting that in these 

districts, rainfall plays a less dominant role in determining crop production, with other factors such as soil fertility and 

agricultural practices possibly having a greater influence. 
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1. Introduction 

Rainfall is a dominant climatic factor that affects agricul-

tural production through its impact on the timing of agricul-

tural operations. The timing of agricultural operation directly 

depends on the onset and cessation of seasonal rainfall mostly 

(summer and spring) seasons. Rainfall changes and its threats 

to food security and sustainable development are stronger in 
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poorer regions of the world. Delayed onset of the rains, early 

withdrawal, or short but intense rainfall events separated by 

long dry spells are the cause of rainfall failure [1]. Rainfall is 

one of the main climatic variables that influence both the 

spatial and temporal patterns of water availability for agri-

culture and food security and most of African countries 85% 

of population is defendant on rain-fed agriculture [2, 3]. 

Rainfall patterns such as intensity, onset, secession and 

length of season change with nature of geographical region, 

topography and season [4]. The importance of the past, pre-

sent and future scenarios of rainfall onset is to guide in iden-

tifying the best planting dates in future, especially expected 

late-onset, delayed cessation in the region under 1.5°C and 

2°C Global Warming levels [5]. In Ethiopia rainfall is the 

main important climate parameter. 85% of labour force in 

Ethiopia is employed in rain-fed agriculture which highly 

depends on varying amounts of rainfall availability vital for 

crop production [6]. 

In Ethiopia, an onset and cessation of seasonal rainfall vary 

considerably within few kilometers distance due in case of 

altitudinal variations, orientation of mountain chains and their 

physical influenceon atmospheric flow [7]. Spatio-temporally 

Ethiopia is well-known for its high rainfall variability due to 

geographical location and topographic complications [8]. The 

risk related to climate variability poses a direct impact from 

the start of land preparation to the last harvest [9]. The erratic 

rainfall patterns, including onset and cessation dates and 

spreading of rainfall, govern crop yields and regulate the 

choice of the crops to grow [9]. Kiremt account for 65-95% of 

Ethiopia from total rainfall [10]. 

Amhara region is characterized by unpredictable rainfall, 

great land degradation, and a high degree of poverty, erratic 

rainfall patterns, and frequent dangerous events reason to crop 

failure and threaten the food safety and livelihoods of the 

people in the area [11, 12]. Accurate information on the onset 

and cessation of seasonal rainfall have the capability to reduce 

the risks and costs of re-sowing seeds due to the season’s false 

onset [13, 14]. North showa zone is one of the 11 zones found 

in the Amhara region with varying rugged topography re-

flecting high climate variability of the main concern on rain-

fall variability relating its impact on major crop [15]. On-

set-date of rainy season is the date at which the available 

water content of the root zone at the beginning of the cropping 

season reaches 50% [16]. 

Therefore, this study was planned to analyze seasonal 

rainfall variability and its impact on wheat crop production 

over North Showa zone of Amhara region. Major crops grown 

over this zone are Wheat, Beans, barley, teff, lintel and others. 

For this study wheat crop is selected to characterize as the 

major crops growing in the main (summer) rainy season. 

Regression analysis was is preferred to characterize the cor-

relation between seasonal rainfall variability and wheat crop 

production. 

2. Methodology 

2.1. Description of the Study Area 

 
Figure 1. Map of Study Area. 
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North Shewa Zone is one of the eleven zones in Amhara 

Regional State, Ethiopia. This Zone is bordered on the south 

and the west by the Oromia Region, on the North by South 

Wollo, on the Northeast by the Oromia Zone, and on the east 

by the Afar Region. The region is distinguished by highly 

complex topography in the northern and central highlands. 

The highest point in this Zone is Mount Abuye Meda (4012 

meters); other prominent peaks include Mount Megezez [17]. 

The topography comprises uneven and ragged mountainous 

highlands in the northern and central part of the zone, exten-

sive plains and also deep gorges and cliffs in the periphery as 

shown Figure 1. North Shewa Zone climate extends from 

semi-desert lowlands in the south, west and east periphery to 

cold high mountainous part in the center with extreme ranges 

of temperature and rainfall. The movement of the in-

ter-tropical convergence zone (ITCZ) and the influence of the 

Indian Monsoon throughout the year, mainly determine the 

climate pattern of the zone [18]. The annual average rainfall 

varies between 400-700 mm and the annual average temper-

ature ranges between 8 to 35.7°C [19]. 

According to [19] rainfall pattern over North Showa zone is 

bimodal but often unreliable due to erattic nature of Belg 

rainfall. High rainfall and low temperature over the Wurch 

and Dega area in the central part of North Shewa Zone and 

low rainfall, high temperature over the low land’s periphery of 

south, west and east of the study area. Based on its elevation 

traditionally study area is characterized by four 

agro-ecological zones mostly 42.53% Dega, 34.3% 

Weynadega, 21.72% Kola and only 1.45% of Wurch as shown 

in table 1. As shown in table 1 below most parts of the zone 

are hilly or mountainous, but there are some plains. The 

topographic feature of the administration zone range from 927 

m. a. s. l in south, west and East peripheries and 2450 m. a. s. l 

in the central part of the zone [20]. The study area is charac-

terized by quasi-double maxima rainfall pattern, with a small 

peak in April and maximum peak in August [21]. 

Table 1. Traditional Agroecology Zones of study Area. 

grid code TAEZ_Class (m) Area in Hectares Area Distribution (%) 

1 Kola (500-1500) 779611.60 21.72 

2 Weynadega (1500-2300) 1231298.75 34.30 

3 Dega (2300-3200) 1526914.74 42.53 

4 Wurch (>3200) 52064.88 1.45 

  Total Area=3589890 ha  

 

2.2. Data 

This study involved rainfall and crop yield data sets. Daily 

and monthly rainfall data sets were collected from Ethiopian 

Meteorology Institute. For this study station and 4 km x 4 km 

daily gridded rainfall data were used from Ethiopian Mete-

orology Institute (EMI) from 1985-2020. Gridded rainfall 

data set were used as data gap filler for respective station 

rainfall and for indication of spatial analysis such as clima-

tology. Fourteen meteorological stations were selected based 

on data availability, quality and relative length of time and 

geographic location considering fair distribution of stations 

throughout the study area. Stations selected for this study 

were based on missing data less than 20% of the given period. 

Crop yield data from 2010-2021 was collected from Ethi-

opian statistical Services survey emanated from house hold 

level mostly from farmer associations. Selection of crop data 

was implemented based on rainfall influence of wheat for 

main (summer) season to analyze the impact of temporal 

variability of onset and cessation pattern of seasonal rainfall 

on their growth and yield. For the given zone main (Kiremt) 

rainfall is the main source of water for major cereal crops. 

2.3. Methods 

Rainfall and Crop yield Variability analysis: Standardized 

anomaly index, precipitation concentration index and coeffi-

cient of variation, correlation and Regression based wheat 

production relation will be used as descriptors of rainfall 

variability with crop production. Standardized Anomaly In-

dex (SAI) is calculated as the difference between the annual 

total of a particular year and the long term average rainfall 

records divided by the standard deviation of the long term data. 

This index is used to examine the nature of the trends and 

enables the determination of the dry and wet years in the 

record. Its formula is given as 

                  (1) 

Where Xi is the annual rainfall of the particular year; X is the 
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long-term mean annual rainfall throughout observation and σ is 

the standard deviation of annual rainfall throughout the obser-

vation. SAI value classification is presented in table 2. 

Table 2. SAI Classification. 

SAI Value Category 

Above 2.0 Extremely Wet 

1.5 to 1.99 Very Wet 

1.0 to 1.49 Moderately Wet 

-.99 to .99 Near Normal 

-1.0 to -1.49 Moderately Dry 

-1.5 to -1.99 Severely Dry 

-2 or less Extremely Dry 

SAI = standardized anomaly index. 

Coefficient of variation (CV): The variability of rainfall is 

computed by using the coefficient of variation. The values of 

coefficient of variation show the change from the mean values 

of rainfall. The formula for the coefficient of variation: 

𝐶𝑉 =
𝑆

X̅
× 100                (2) 

Where S is standard deviation and X̅ is mean 

Table 3. Index of Coefficient of Variation. 

CV values Class of variability 

< 20% Low variability 

20% - 30% Moderately variability 

>30% High variability 

CV = coefficient of variation 

Precipitation Concentration Index (PCI): is a measure of 

comparative distribution. It is a means to signify the spatial 

variability of rainfall patterns. PCI is rainfall concentration in 

terms of distribution and variability and can be expressed 

using the following equations. 

PCI annual =  
∑ 𝑃𝑖212
𝑖=1

(∑ 𝑃𝑖)212
𝑖=1

  *100             (3) 

PCI seasonal= 
∑ 𝑃𝑖24
𝑖=1

(∑ 𝑃𝑖)24
𝑖=1

  * 33 

Table 4. PCI Value and Classification. 

PCI Value Category 

Below 10 Uniform precipitation distribution 

11-15 Moderate rainfall concentration 

16-20 An irregular distribution 

Above 20 A strong irregular precipitation distribution. 

PCI = precipitation concentration index. 

Correlation and Regression:- Correlation and regression 

analysis applies to examine relationships between monthly 

and seasonal rainfall and crop yields [22]. The patterns of 

inter-annual rainfall variability and fluctuations in cereal 

production are also presented graphically to gain a better 

insight into rainfall-crop production relationships in the re-

gion. Its Correlation is a statistics that describes the associa-

tion between two variables. The correlation statistic can be 

used for continuous variables or binary variables or a com-

bination of continuous and binary variables. In contrast, t-tests 

examine whether there are significant differences between 

two group means. It is often used in hypothesis testing to 

determine whether a process or treatment actually has an 

effect on the population of interest, or whether two groups are 

different from one another. The Pearson correlation method is 

the most common method to use for numerical variables; it 

assigns a value between - 1 and 1, where 0 is no correlation, 1 

is total positive correlation, and - 1 is total negative correla-

tion. The formula for the t-test for correlation coefficient as 

shown in equation (4) below: 

t = √
n−2

1−r2

r
                   (4) 

Standardized Precipitation Index (SPI): The Standardized 

Precipitation Index is the number of standard deviations that 

observed cumulative precipitation deviates from the clima-

tological average. It can be calculated for any time scale; 

various monthly and multi-monthly time scales. To compute 

the index, a long-term time series of precipitation accumula-

tions over the desired time scale are used to estimate an ap-

propriate probability density function. The associated cumu-

lative probability distribution is then estimated and subse-

quently transformed to a normal distribution. The SPI indi-

cator, which was developed by [23] and described in detail [24, 

25] measures precipitation anomalies at a given location, 

based on a comparison of observed total precipitation 

amounts for an accumulation period of interest (e.g. 1, 3, 12, 

48 months), with the long-term historic rainfall record for that 

period. The historic record is fitted to a probability distribu-

tion (the “gamma” distribution), which is then transformed 

into a normal distribution such that the mean SPI value for 

that location and period is zero. For any given region, in-
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creasingly severe rainfall deficits (i.e., meteorological 

droughts) are indicated as SPI decreases below ‒1.0, while 

increasingly severe excess rainfall are indicated as SPI I in-

creases above 1.0. The World Meteorological Organization 

has recommended that the SPI be used by all National Mete-

orological and Hydrological Services around the world to 

characterize meteorological droughts [26]. 

𝑆𝑃𝐼 =  
𝑥−𝑥̅

𝛿
                    (5) 

Where 𝑥 𝑖𝑠 precipitation for the station 

𝑥̅= Mean precipitation, 𝛿 =Standard Deviation 

Table 5. SPI, Drought Classification (McKee et al 1993, 1995). 

SPI value Classification 

2.0 or more Extremely wet 

1.5 to 1.99 Very wet 

1.0 to1.49 Moderately wet 

-0.99 to 0.99 Near normal 

-1 to -1.49 Severely dry 

-2.0 and less Extremely dry 

2.4. Rainfall Variability and Crop Production 

Trend Analysis 

The Mann-Kendall statistical test for trend is used to assess 

whether a set of data values is increasing over time or de-

creasing over time, and whether the trend in either direction is 

statistically significant. Trends, for all the period, were cal-

culated using the Mann-Kendall test [27, 28] is calculated by 

the equation: 

S = ∑ ∑ sgn(𝑥𝑗 − 𝑥𝑖)
n
j=i+1

n−1
i=1             (6) 

In equation (6) above n denotes the number of data 

points, sgn(𝑥𝑗 − 𝑥𝑖) is sign function and 𝑥𝑗and 𝑥𝑖 are time 

series in the j and i where (j>i). 

sgn(𝑥𝑗 − 𝑥𝑖) = {

+1 𝑖𝑓 (𝑥𝑗 − 𝑥𝑖) > 0

0 𝑖𝑓 (𝑥𝑗 − 𝑥𝑖) = 0 

−1 𝑖𝑓( 𝑥𝑗 − 𝑥𝑖) < 0

        (7) 

and the variance will be computed as 

𝑉𝑎𝑟(𝑆) =
𝑛(𝑛−1)(2𝑛+5)−∑ 𝑡𝑖(𝑡𝑖 −1)(2𝑡𝑖+5)

𝑝
𝑖=1
18

         (8) 

In equation (8) n denotes number of data points, p stands for 

the number of tide groups and 𝑡𝑖 stands for number of data 

values. Standard normal test statistics Zs will compute with 

the equation: 

Zs =

{
 

 
s−1

√Var(S) 
 if S > 0

0 if S = 0
s+1

√Var(S) 
 if S < 0

                 (9) 

This test detects the presence of a monotonic tendency in a 

chronological series of a variable (rainfall and Selected crops). 

It is a nonparametric method; that is, it makes no assumptions 

about the underlying distribution of the data, and its 

rank-based measure is not influenced by extreme values. This 

method mainly gives three types of information: Kendall Tau, 

or Kendall rank correlation coefficient, measures the monot-

ony of the slope, Kendall's Tau varies between - 1 and 1; it is 

positive when the trend increases and negative when the trend 

decreases, the Sen slope, which estimates the overall slope of 

the time series. This slope corresponds to the median of all the 

slopes calculated between each pair of points in the series. 

The trend is statistically significant when the p-value is less 

than 0.05. Every value is compared to every value preceding it 

in the time series, which gives a total of n (n - 1) / 2 pairs of 

data, where n is the number of observations in the set. P value 

< 0.05 tells that there is (monotonic) trend and if τ is +ve, 

increasing trend, P value > 0.05, tells no monotonic trend, 

away from monotonic trend. 

3. Results and Discussions 

3.1. Missing Station Rainfall Data Sets 

This paper addresses the methodology for filling missing 

rainfall data for specific dates using ENACTS (Enhanced 

National Climate Services) gridded data, ensuring the accu-

racy and reliability of the dataset. Selection Criteria for Sta-

tions includes Stations with missing values exceeding 20% of 

the data for the given period were excluded in other word only 

stations with less than 20% missing data were considered for 

analysis. ENACTS data is used to fill missing rainfall data for 

specific dates. This data is sourced from the Ethiopian Mete-

orology Institute. 

4km by 4 km, covering the period from 1985 to 2020. A 

validity test was conducted to compare the gridded data with 

actual station data. This comparison demonstrated strong 

performance metrics, indicating the reliability of the gridded 

data for filling in the missing values. The comparison between 

the ENACTS gridded data and station point data is summa-

rized in Table 6. The statistical metrics indicating the per-

formance of the gridded data includes a correlation coefficient 

of 0.942 indicates a very high positive correlation between the 

gridded data and station data, suggesting strong agreement. A 

Bias value of 0.902 suggests that the gridded data slightly 

underestimates the rainfall values compared to the station data. 

Brier Skill Score (BR2) value of 0.795 shows good skill in 

http://www.sciencepg.com/journal/aas


Advances in Applied Sciences http://www.sciencepg.com/journal/aas 

 

50 

predicting the correct rainfall amounts, further supporting the 

gridded data's reliability. 

The high resolution and extended period covered by the 

dataset, along with the strong statistical performance metrics, 

validate its use in the study area. The methodology ensures 

that the resulting dataset maintains high accuracy and relia-

bility, crucial for various applications in climate and hydro-

logical applications using Climate date Tool (CDT) [29]. 

Table 6. Validation of Spatial daily Rainfall (1985-2020). 

Name Statistics Description Perfect. Score 

CORR 0.942 Correlation 1 

BR2 0.795 Coefficient of determination (R2) multiplied by the regression slope 1 

BIAS 0.902 Bias 1 

ME -0.316 Mean Error 0 

RMSE 1.85 Root Mean Square Error 0 

NSE 0.884 Nash-Sutcliffe Efficiency 1 

MNSE 0.766 Modified Nash-Sutcliffe efficiency 1 

 

The scatter plot in Figure 2 shows a high degree of correla-

tion between the gridded and station point rainfall datasets. 

This high correlation visually confirms the reliability of using 

the ENACTS gridded data to fill in the missing values. Points 

are closely clustered along the 1: 1 line, indicating that the 

gridded data is in strong agreement with the station data, further 

supporting the quantitative correlation coefficient of 0.942. 

The cumulative density function (CDF) map in Figure 2 

also proves the spatial average performance of the gridded 

data. Both the gridded data and station data closely follow the 

CDF curve, approaching unity, which represents a perfect 

score. The CDF shows that the distribution of rainfall values 

in the gridded data matches well with the distribution ob-

served in the station data across the spatial domain, indicating 

that the gridded data can accurately replicate the observed 

rainfall patterns. By integrating these methods and tools, the 

study robustly supports the use of ENACTS gridded data for 

filling missing rainfall data, ensuring comprehensive and 

accurate climate datasets. 

 
Figure 2. Scatter plot and CDF (Station Vs Estimate). 

3.2. Rainfall Variability 

3.2.1. Seasonal Patterns of Rainfall 

There was a spatio-temporal variation in the mean seasonal 

and annual rainfall on different parts of the study area suggests 

rainfall patterns varied both in space (across different locations) 

and in time (across different seasons and years). The mean 

annual rainfall varies from 868.9 mm with a standard deviation 

of 120.93 mm at Mehal Meda station to 1853.875 mm with a 
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standard deviation of 450.5 mm at Debre Sina station. Similarly, 

the main rainy season (Kiremt) mean rainfall ranges from 

315.46 mm with a standard deviation of 127.88 mm at Mehal 

Meda to 1084.524 mm with a standard deviation of 285.91 mm 

at Debre Sina station. The long-term mean Belg rainfall varies 

from 150 mm with a standard deviation of 71.50 mm at Jihur 

station to 452.658 mm with a standard deviation of 197.15 mm 

at Debre Sina station, as shown in Table 7. Similarly, the 

long-term Bega spatial rainfall ranges from 33 mm with a 

standard deviation of 25 mm to 218.5 mm with a standard 

deviation of 228 mm at Debre Sina station. 

Spatially, the mean annual rainfall total ranges from 400 

mm to 1800 mm, the Kiremt mean total ranges from 200 mm 

to 1200 mm, Belg mean total rainfall ranges from 100 mm to 

400 mm, and the Bega season rainfall ranges from 20 mm to 

220 mm, as shown in Figure 3. 

  

  
Figure 3. Annual and Seasonal Averages Spatial Rainfall Distribution. 

The rainfall variability showed low annual and Kiremt 

variability (CV<20%) at stations like Debrebirhan, Deneba, 

Enewari, Jihur, MehalMeda, and Mendida, as indicated by the 

coefficient of variation in Table 7 below. Seladingay station 

exhibited exceptionally low annual rainfall variability with a 

CV of 19.6% (CV<20%) and moderate Kiremt rainfall vari-

ability with a CV of 26.98%. Stations such as Alem Ketema, 

Aluamba, and Mezezo showed high annual rainfall variability 

(CV>30%). Moderate annual and Kiremt rainfall variability 

(CV = 20-30%) was observed at stations like Chacha, De-

bresina, and Lemi. An exceptional case was Ataye station, 

which showed moderate annual rainfall variability 

(CV=26.071%) and high Kiremt rainfall variability 

(CV=36.065%). 

On the other hand, both station-level and spatial-level Belg 

and Bega rainfall showed high variability, with coefficients of 

variation ranging from 30-95% and 50-120%, respectively, as 

shown in Table 7. and Figure 4. This implies more in-

ter-annual variability of spring and Bega season rainfall than 

summer and annual rainfall. The results of this study align 

with the findings of [12, 31-33] those reported that less vari-

ability of rainfall was observed in the summer season com-

pared to other seasons in different parts of Ethiopia. Areas 

with low mean rainfall generally exhibit high rainfall varia-

bility [30]. Except for the Efeson (Ataye) and Mezezo stations, 

this showed high variability of Kiremt rainfall. Most stations 

exhibited low to moderate variability. Overall, seasonal rain-

fall variability was higher than annual variability. The results 

also consistent with those of in central Ethiopia [33]. 
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Figure 4. Spatial Rainfall Coefficient of Variation. 

Table 7. Rainfall Coefficient of Variation (1985-2021). 

Station 

Bega Belg Kiremt Annual 

CV 

(%) 
Std Mean 

CV 

(%) 
Std Mean 

CV 

(%) 
Std Mean 

CV 

(%) 
Std Mean 

AlemKetema 209 138 66 62 105 171 27 243 373 32 359 1129 

AliyuAmba 98 170 173 69 271 384 28 206 721 30 392 1294 

Ankober 82 156 191 53 238 431 26 250 957 22 347 1580 

Chacha 163 55 34 68 95 137 26 193 756 23 216 929 

DebreBerhan 89 34 39 33 52 158 15 112 739 11 104 938 

DebreSina 104 321 310 43 197 453 26 286 1085 24 451 1854 

Deneba 80 32 40 48 89 184 16 124 328 17 170 978 

Efeson 81 91 113 45 115  36 247  26 275 1055 

Eneware 77 29 37 49 91 187 20 166 821 18 190 1055 

Jihur 106 30 28 47 72 150 19 137 707 15 131 886 

Lemi 79 32 41 123 307 251 26 258 488 30 386 1289 

MehalMeda 71 32 45 40 69 172 20 128 315 14 121 869 

Mendida 110 56 51 37 65 173 20 153 774 16 160 999 
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Station 

Bega Belg Kiremt Annual 

CV 

(%) 
Std Mean 

CV 

(%) 
Std Mean 

CV 

(%) 
Std Mean 

CV 

(%) 
Std Mean 

Mezezo 79 183 232 59 239 400 39 436 1038 35 614 1750 

Seladingay 75 48 64 40 67 166 24 215 917 20 221 1128 

 

3.2.2. Precipitation Concentration Index (PCI) 

The table 8 provides an analysis of precipitation distribu-

tion patterns using the Precipitation Concentration Index (PCI) 

across various stations in the study area, segmented into three 

time periods: Annual, Kiremt (main rainy season), and Belg 

(secondary rainy season). The data illustrates a uniform pre-

cipitation distribution pattern during the Belg season. All 

stations exhibit relatively consistent PCI values ranging from 

9.0% to 9.6%, indicating that rainfall is evenly spread across 

this period. During the Kiremt season, the PCI values show 

moderate rainfall concentration at all stations. The values 

range from 10.8% to 12.2%, suggesting that while there is 

some variability, rainfall distribution is still relatively mod-

erate and does not exhibit extreme concentration. 

The analysis of annual PCI values presents a more varied 

picture for example Stations such as Aluamba, Ankober, De-

bresina, and Mezezo show moderate rainfall distribution with 

PCI values below 20%, indicating a relatively even spread of 

rainfall throughout the year. Stations like Ataye (Efeson) and 

Seladingay exhibit irregular precipitation distribution, with 

PCI values of 16.8% and 18.3% respectively, indicating less 

consistency in rainfall distribution. On the other side Stations 

including Alem Ketema, Chacha, Deneba, Enewari, Jihur, 

Lemi, Mehal Meda, and Mendida have PCI values exceeding 

20%, indicating a strongly irregular annual rainfall distribu-

tion. This suggests that these areas experience periods of 

heavy rainfall followed by dry spells, rather than a more 

balanced distribution throughout the year. The findings of this 

study align with previous research conducted by other schol-

ars those reported similar patterns of rainfall distribution in 

different parts of the Amhara and Oromia regions of West 

Hararge zone. 

The uniform precipitation distribution in the Belg season, 

moderate concentration in the Kiremt season, and the varied 

annual rainfall distribution patterns highlight the complexity 

and regional variability of rainfall in the study area. The 

strongly irregular annual rainfall distribution in several sta-

tions underscores the challenges in water resource manage-

ment and agricultural planning in these regions. This study's 

consistency with prior research underscores its relevance and 

contributes to a broader understanding of precipitation pat-

terns in Ethiopia. 

Table 8. Precipitation Concentration Index. 

Station 

PCI (%) 

Annual Kiremt Belg 

Alem Ketema 21.5 10.8 9.2 

Aluamba 13.4 10.9 9 

Ankober 14.5 11 9.1 

Chacha 23 11.6 9.3 

Debrebirhan 22.1 11.6 9.5 

Debre Sina 15.1 10.8 9.4 

Deneba 21.5 11.1 9.2 

Efeson (Ataye) 16.8 12.2 9.6 

Enewari 22.2 11.2 9.3 

Jihur 22.1 11.2 9 

Lemi 23 11.5 9.3 
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Station 

PCI (%) 

Annual Kiremt Belg 

Mehal Meda 21.4 11.9 9.2 

Mendida 23.1 11.6 9.1 

Mezezo 15.1 10.8 9.5 

Seladingay 18.3 11.1 9.3 

 

3.2.3. Seasonal and Annual Rainfall Anomaly 

The annual Standardized Anomaly Index (SAI) varies signif-

icantly across different stations and years. At Mezezo station, the 

SAI reached a high of +3.18 in 1997, indicating very wet condi-

tions, while Jihur station recorded a low of -3.13 in 2009, signi-

fying extremely dry conditions. For the Kiremt season, the SAI 

ranged from +2.81 at Efeson (Ataye) station in 2014 (very wet) 

to -2.97 at Jihur station in 1987 (extremely dry). 

The Belg season showed an even more dramatic variation, 

with the SAI peaking at +4.97 at Lemi station in 1987 (wettest) 

and plummeting to -2.2 at Debrebirhan station in 2009 (ex-

tremely dry). Figure 5 illustrates that 1987 experienced the 

highest negative (extremely dry) Kiremt rainfall anomaly. This 

extreme dryness was largely attributed to the occurrence of El 

Niño, which significantly impacted Kiremt rainfall that year. 

Major droughts in Ethiopia in 1957, 1965, 1973, 1983-84, 

1987, and 1993-94 occurred following El Niño events. Similarly, 

2015 experienced severe drought conditions due to El Niño. The 

Standardized Rainfall Anomaly (SRA) was used to determine 

inter-annual rainfall fluctuations across various stations. 

The standardized Anomaly index (SAI) of rainfall results 

indicated that the proportion of annual negative anomalies 

ranged from 44.4% at Debrebirhan to 61.1% at Aluamba. For 

the Kiremt season, negative anomalies varied between 38.9% 

at Jihur and 58.3% at Aluamba, while Belg season negative 

anomalies ranged from 50% at Deneba to 63.9% at Mezezo. 

These percentages are based on data from the selected stations 

during the period from 1985 to 2020 Figure 5. 

  

  

http://www.sciencepg.com/journal/aas


Advances in Applied Sciences http://www.sciencepg.com/journal/aas 

 

55 

  

  

 
Figure 5. Annual and Seasonal Rainfall Standardized Anomaly (SAI) of selected stations. 

3.3. Rainfall Trend Analysis 

Annual and Seasonal Rainfall Trends 

The trends of seasonal and annual rainfall were analyzed 

over a 37-year period (1985-2021) across 14 meteorological 

stations in the study area. The station data were carefully 

selected, ensuring that missing values did not exceed 20% of 

the total data for each station. The trend analysis was con-

ducted using the Mann-Kendall trend test statistics (Z). A 

positive Z value indicates an increasing trend, while a nega-

tive Z value indicates a decreasing trend. Additionally, Ken-

dall's Tau was used to compare the results, with values rang-

ing and 1; a positive value corresponds to an increasing trend, 

while a negative value corresponds to a decreasing trend. 

Trends were considered statistically significant when the 

p-value was less than 0.05, whether the trend was increasing 

or decreasing. Based on the results, the Bega rainfall trends 

exhibited non-significant increasing trends at stations such as 

Alem Ketema, Lemi, Mendida, and Seladingay, while the 

remaining stations, as illustrated in Figure 6, showed 

non-significant decreasing trends for the Bega season rainfall. 

The trends for Belg, Kiremt, and annual rainfall are summa-

rized in Table 9, and the graphical plots for all seasonal rain-

fall are presented sample stations in Figure 6 below. 

For the Belg season, the study area demonstrated signifi-

cantly decreasing trends at the Alem Ketema and Ankober 

stations, while non-significant trends were observed at the 

remaining stations. In contrast, the Kiremt season exhibited 
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significant increasing trends in rainfall at stations including 

Ankober, Debre Berhan, Enewari, Jihur, Lemi, Mehal Meda, 

Mendida, Mezezo, and Seladingay. Stations such as Alem 

Ketema, Debre Sina, and Deneba showed non-significant 

increasing trends in Kiremt rainfall. Conversely, Aliyu Amba 

displayed significantly decreasing trends for both Kiremt and 

annual rainfall, while Chacha exhibited non-significant de-

creasing trends for these parameters 
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Figure 6. Rainfall Trend for selected sample stations (Belg, Kiremt and Annual). 

On an annual basis, the stations at Alem Ketema, Deneba, 

Jihur, and Mezezo exhibited non-significant increasing trends, 

while Debre Berhan, Enewari, Mehal Meda, Mendida, and 

Seladingay showed significantly increasing trends. Stations 

like Ankober, Chacha, and Debre Sina reflected 

non-significant decreasing trends, with Aliyu Amba showing 

a significant decreasing trend in annual rainfall. The analysis 

highlights variability in seasonal and annual rainfall across the 

study area, offering critical insights into long-term climate 

patterns and their implications for agriculture and water re-

source management. 

Table 9. Man Kendall Trend Test (1985-2021). 

Station 

Kiremt Belg Annual 

Zs P-value Tau 
Sen's 

slope 
Zs P-value Tau 

Sen's 

slope 
Zs P-value Tau 

Sen's 

slope 

Alemketema 1.93 0.05 0.12 3.10 -0.94 0.35 -0.06 -0.75 0.99 0.32 0.08 1.82 

Alyiuamba -8.49 0.00 -0.26 -7.98 -4.85 0.00 -0.38 -11.32 -9.20 0.00 -0.46 -24.88 

Ankober 5.02 0.00 0.27 9.68 -8.01 0.00 -0.31 -9.39 -1.08 0.28 -0.07 -2.53 

Chacha -0.45 0.66 -0.45 0.66 2.94 0.00 -0.17 -2.12 -1.96 0.05 -0.08 2.29 

DebreBerhan 4.90 0.00 0.22 3.20 -0.90 0.37 -0.05 -0.49 5.42 0.00 0.20 2.76 

DebreSina 1.09 0.28 0.08 3.00 -1.19 0.23 -0.07 -1.81 -0.27 0.79 -0.02 -0.61 

Deneba 0.28 0.78 0.02 0.32 0.93 0.35 0.04 0.64 0.67 0.50 0.03 0.63 

Eneware 5.86 0.00 0.30 6.64 3.82 0.00 0.19 2.34 5.87 0.00 0.30 7.79 

Jihur 2.37 0.02 0.12 1.65 -1.74 0.08 -0.09 -0.74 1.14 0.25 0.08 1.47 

Lemi 2.76 0.01 0.12 3.23 -0.30 0.77 -0.02 -0.26 0.00 1.00 0.00 0.06 

MehalMeda 2.90 0.00 0.24 3.45 -2.52 0.01 -0.10 -0.99 3.18 0.00 0.20 3.45 

Mendida 4.67 0.00 0.25 5.37 -1.82 0.07 -0.08 -0.93 3.91 0.00 0.22 5.53 

Mezezo 2.42 0.02 0.17 8.34 -1.39 0.16 -0.09 -2.30 1.67 0.10 0.13 7.25 

Seladingai 5.98 0.00 0.28 7.44 -0.19 0.85 -0.02 -0.13 3.22 0.00 0.17 4.73 
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3.4. Wheat Crop Yield in North Showa Zone, 

Amhara Region 

3.4.1. Kiremt (Meher) Season Wheat Yield 

The Meher wheat yield across different districts (Woreda) 

from 2010 to 2021 showed significant variability both across 

years and between districts. The Meher (Main) Season Crop, 

which refers to any temporary crop harvested between Mes-

kerem (September) and Yekatit (February), is the primary 

season for wheat production in most of the study area. During 

this period, the average wheat yield ranged from a low of 13.8 

quintals per hectare in Ankober to a high of 33.8 quintals per 

hectare in Minjar-Shenkora, with an overall regional mean 

yield of 20.6 quintals per hectare. The standard deviation 

(STDV) reflects the degree of variation in wheat yield within 

each district. Ankober showed lower variability with an 

STDV of 7.41, while Minjar-Shenkora exhibited higher var-

iability with an STDV of 9.91. The coefficient of variation 

(CV), which provides a measure of relative variability, was 

highest in Merahbete (72.4%) and lowest in Tarema Ber 

(24.05%). 

The annual data reveals considerable fluctuations in yields. 

For example, the lowest recorded yield was in Merahbete 

district in 2011, with only 2.5 quintals per hectare, while the 

highest yield was recorded in Minjar-Shenkora district in 

2018, with 52.6 quintals per hectare. These fluctuations re-

flect the varying climatic conditions, management practices, 

and other factors influencing wheat production across dif-

ferent years and regions shown in table 10 below. 

Table 10. Annual Meher wheat Yield (Q/ha) 2010-2021. 

Year 
Me-

rahbete 

Ensa-

ro(Lemi) 

Moret

na Jiru 

Menz 

Gera 

Midir 

Tarem

a Ber 

Mojana 

Wodera 

Angole-

lana 

Tera 

Minjar 

Shen-

kora 

Ankober 
Basona 

Worena 

Siya De-

birna 

Wayu 

2010 6.1 17.3 4.2 10.3 13.3 11.2 13.1 21.7 5.3 16.4 18.3 

2011 2.5 7.0 14.9 8.4 9.1 20.7 9.5 34.7 2 32 4.7 

2012 9 13.8 4.8 12.7 12.5 19 20.3 30.5 7.8 20.2 4.5 

2013 12.5 11.6 13.2 18 11.7 14.6 15.8 31.4 8.3 19.7 12.7 

2014 15.9 19.2 11.2 32.1 18.3 26.3 15.1 33.7 13.1 27.6 13.1 

2015 22.6 19.3 10 14.9 11.7 24.1 38.3 41.9 18 20.8 17.4 

2016 12.9 7.4 17.7 17.1 12.2 27.4 25.7 19 18.7 25.6 29 

2017 10.1 6.3 5.5 13.9 15.2 23.9 25.5 43.8 13.1 29.5 31 

2018 15.9 19.5 29.5 12.4 29.2 29.2 29.4 52.6 29.2 17.6 33.7 

2019 8.4 31.8 23.7 18.6 16.9 22 47.1 21.4 12.9 23.5 45.8 

2020 31.5 23.9 37.4 16.7 33.1 20.1 31.3 37.8 18.4 22.3 42.7 

2021 43 30.0 34.2 30 35.4 25.9 30 36.6 18.8 17 34.9 

Mean 15.9 17.3 17.2 17.1 18.2 22.0 25.1 33.8 13.8 22.7 24.0 

Areal Mean Wheat Yield (Q/ha) 20.6 

STDV. 11.51 8.51 11.52 7.22 9.09 5.29 11.02 9.91 7.41 5.07 14.10 

CV (%) 72.4 49.2 67 42.2 49.9 24.05 43.9 29.3 53.7 22.3 58.8 

 

3.4.2. Kiremt (Meher) Season Wheat Yield 

Variability 

The analysis of wheat yield variability during the Kiremt 

(Meher) season, as presented in Table 10, demonstrates sig-

nificant fluctuations across the different districts (Woredas) 

over the study period from 2010 to 2021. The variability index 

was calculated by subtracting the 12-year mean yield of each 

district from the annual yields. This method highlights devia-

tions from the average, providing insights into yield stability 

or volatility. For instance, in 2016, Minjar-Shenkora district 

experienced a substantial negative deviation of -14.8 quintals 

per hectare from its 12-year mean, indicating a challenging 

year for wheat production. Conversely, Merehabete district 

saw a significant positive deviation of 27.1 quintals per hec-

tare in 2021, reflecting a particularly favorable growing sea-
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son. As seen in Table 11, the coefficient of variation (CV) 

further underscores this variability. Moderate variation was 

observed in Mojana Wodera district (CV = 24.05%), Min-

jar-Shenkora district (CV = 29.3%), and Basona Worena dis-

trict (CV = 22.3%). 

The remaining districts exhibited high variability, indicat-

ing less consistent wheat yields over the years. This variability 

can be attributed to several factors, including climatic condi-

tions, soil fertility, and farming practices, which vary signif-

icantly across the region. The trend analysis, depicted in 

Figure 7, shows an overall increase in the area’s mean wheat 

yield over the 12-year period, with the long-term average 

yield being 20.6 quintals per hectare. These findings empha-

size the need for tailored agricultural interventions to enhance 

wheat yield stability in districts with higher variability. 

Table 11. Meher season Wheat Yield Variability. 

Year 
Merha 

bete 
Ensaro 

Moretn

a jiru 

Gera 

midir 

Tarm 

aber 

Mojana 

wodera 

Angolela 

natera 
Ankober 

Basona 

werana 

Siyade 

Brina 

wayu 

Minjar 

Shen-

kora 

2010 -9.8 0 -13 -6.8 -4.9 -10.8 -12.0 -8.5 -6.3 -5.7 -12.1 

2011 -13.4 -10.3 -2.3 -8.7 -9.1 -1.3 -15.6 -11.8 9.3 -19.3 0.9 

2012 -6.9 -3.5 -12.4 -4.4 -5.7 -3.0 -4.8 -6 -2.5 -19.5 -3.3 

2013 -3.4 -5.7 -4 0.9 -6.5 -7.4 -9.3 -5.5 -3 -11.3 -2.4 

2014 0.0 1.9 -6 15 0.1 4.3 -10.0 -0.7 4.9 -10.9 -0.1 

2015 6.7 2 -7.2 -2.2 -6.5 2.1 13.2 4.2 -1.9 -6.6 8.1 

2016 -3.0 -9.9 0.5 0 -6 5.4 0.6 4.9 2.9 5.0 -14.8 

2017 -5.8 -11 -11.7 -3.2 -3 1.9 0.4 -0.7 6.8 7.0 10 

2018 0.0 2.2 12.3 -4.7 11 7.2 4.3 15.4 -5.1 9.7 18.8 

2019 -7.5 14.5 6.5 1.5 -1.3 0.0 22.0 -0.9 0.8 21.8 -12.4 

2020 15.6 6.6 20.2 -0.4 14.9 -1.9 6.2 4.6 -0.4 18.7 4 

2021 27.1 12.7 17 12.9 17.2 3.9 4.9 5 -5.7 10.9 2.8 

 

 
Figure 7. Areal Mean Wheat Yield Trend. 

3.5. Correlation Between Kiremt (Meher) 

Season Wheat Yield and Rainfall 

The correlation analysis between Kiremt season rainfall 

and Meher wheat crop yield across various districts reveals 

significant variability in the relationship (2010-2021). Among 

the districts, 22.2% exhibited a negative correlation, including 

Alem Ketema (-0.4) and Ankober (-0.3). In these areas, higher 

rainfall potentially reduces yields due to adverse conditions 

such as waterlogging. Conversely, 22.2% of the districts 

showed a strong positive correlation, such as Ensaro (0.7) and 

Tarmaber (0.7), where increased rainfall generally boosts 

wheat productivity. 

Further 44.4% of the districts demonstrated moderate pos-

itive correlations, including Basona Worana (0.6), Deneba 

(0.6), Mojana Wodera (0.5), and Moretina Jiru (0.6). In these 

regions, rainfall has a beneficial but less pronounced impact 

on yields. Lastly, 22.2% of the districts, such as Angolela Tera 

(0.2) and Mehal Meda (0.2), showed a weak positive correla-

tion, indicating that rainfall has a limited influence on crop 

yields, with other factors likely playing a more significant role 

shown in Appendix Table 1, classification in Table 12 below. 

Over Ensaro district Figure 8, a strong positive correlation 

(r = 0.7) is observed, with an R² of 0.4384, indicating that 

43.84% of the yield variability can be explained by rainfall. 
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Similarly, Moretina Jiru, as shown in Figure 9 with an r of 0.6 

and an R² of 0.3977, suggests that nearly 40% of the yield 

variability can be attributed to rainfall, highlighting its sig-

nificant impact. On Figure 10, Tarmaber district shows a 

strong correlation (r = 0.7), with an even higher R² of 0.5223, 

meaning 52.23% of the variation in wheat yield is influenced 

by rainfall patterns during the Kiremt season. 

However, in districts like Mojana Wodera (Figure 11), 

where r = 0.5 and R² = 0.2049, only 20.49% of the wheat yield 

variability is explained by rainfall, reflecting a weaker, though 

still positive, relationship. In Ankober indicated as Figure 12 

the correlation is negative (r = -0.3) with a very low R² of 

0.097, suggesting that rainfall plays a minimal role in wheat 

yield variability, and other factors may have a stronger in-

fluence. Siyadebirna Wayu (Figure 13) and in Figure 14, 

Basona Werana both exhibit moderate positive correlations (r 

= 0.6), with R² values of 0.3163 and 0.3118, respectively, 

indicating that around 31% of the yield variability in these 

districts is explained by rainfall. 

Table 12. Correlation of Wheat Crop yield and Kiremt mean Rainfall. 

Group Districts 
Correlation Coeffi-

cient (r) 
Interpretation 

Negative Correlation Alem Ketema, Ankober -0.4, -0.3 
Higher rainfall may reduce yields due to 

waterlogging or other issues. 

Weak Positive Corre-

lation 
Angolela Tera, Mehal Meda 0.2, 0.2 

Limited influence of rainfall on yields; other 

factors likely more significant. 

Moderate Positive 

Correlation 

Basona Worana, Deneba, Mojana 

Wodera, Moretina Jiru 
0.5, 0.6, 0.6, 0.6 

Beneficial impact of rainfall on yields, with var-

iability in strength. 

Strong Positive Cor-

relation 
Ensaro, Tarmaber 0.7, 0.7 

Increased rainfall strongly boosts crop productiv-

ity. 

 
Figure 8. Correlation between Meher Wheat crop production and summer on Ensaro district (2010-2021). 

 
Figure 9. Correlation between Meher Wheat crop production and summer on Moretina Jiru district (2010-2021). 
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Figure 10. Correlation between Meher Wheat crop production and summer on Tarmaber district (2010-2021). 

 
Figure 11. Correlation between Meher Wheat crop production and summer on Mojana Wodera district (2010-2021). 

 
Figure 12. Correlation between Meher Wheat crop production and summer Rainfall on Ankober district (2010-2021). 

 
Figure 13. Correlation between Meher Wheat crop production and summer Rainfall on Siyadebrina Wayu district (2010-2021). 
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Figure 14. Correlation between Meher Wheat crop production and summer Rainfall on Basona Werana district (2010-2021). 

4. Conclusion 

The analysis revealed significant variability in seasonal 

rainfall both spatially and temporally across the study area. 

Some stations experienced consistent rainfall patterns, while 

others showed marked differences in seasonal totals and dis-

tribution, indicating vulnerability to climate fluctuations. The 

performance evaluation of the gridded rainfall data against 

station data reflected strong statistical agreement, validating 

the use of the gridded dataset in this study with correlation 

coefficient of 0.942 indicates a very high positive correlation 

between the gridded and station data, suggesting that the 

gridded data accurately captures the spatial and temporal 

distribution of rainfall in the study area. 

The analysis of seasonal and annual rainfall variability in 

the study area revealed significant spatial and temporal dif-

ferences in rainfall distribution. The rainfall patterns, includ-

ing the Belg, Kiremt, and Bega seasons, exhibit varying de-

grees of variability across different stations, which impacts 

agricultural activities, particularly wheat production. Stations 

like Debre Sina and Enewari experience higher and more 

stable rainfall, while others, such as Mehal Meda, exhibit 

lower and more erratic rainfall patterns. The Belg season 

displays more irregular rainfall distribution, while the Kiremt 

season tends to have more consistent, though still variable, 

rainfall patterns. Bega season rainfall shows the highest var-

iability, contributing to challenges in agricultural planning. 

The correlation between Kiremt rainfall and wheat crop 

varies across districts, with negative correlations observed in 

areas prone to waterlogging and positive correlations in re-

gions where rainfall is beneficial for crop growth. This re-

search underscores the importance of integrating trend and 

anomaly analyses to better understand and manage the im-

pacts of rainfall variability on agricultural productivity. 

This study recommends adapting agricultural practices to 

local rainfall characteristics, promoting drought-resistant 

crops in variable areas, and improving early warning systems, 

especially for Belg and Bega seasons. Climate-smart farming 

methods like water harvesting and soil conservation should be 

encouraged. The validated gridded rainfall data can support 

planning in data-scarce areas. Crop choices should align with 

rainfall-yield relationships to reduce climate risks. Investment 

in irrigation, insurance, and agricultural extension services is 

essential. Continued monitoring and farmer training on sea-

sonal forecasts are also important for managing rainfall var-

iability. 
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