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    Abstract


    Rainfall variability adversely impacts crop production and imposes a major constraint on farming planning, mostly under rain fed conditions across developing countries. Rainfall variability from season to season greatly affects soil water availability to crops, and thus poses crop production risks to agriculture which is a major economic activity in Gubalafto District, Ethiopia. It was observed that farmers tend to rely on their accumulated experience about weather conditions in the schedule of their farm operations. Therefore, this study was designed to examine the impact of rainfall variability on teff production and farmers perception in Gubalafto district, Ethiopia. The Primary data were obtained through questionnaire administration and field observations among the farmers in Gubalafto district. Stratified random sampling technique was employed in the selection of sample size and a total of 203 farmers were randomly selected for the study. The secondary data was obtained from National Meteorological Agency of Ethiopia (daily rainfall between 1984 and 2018) and Teff yield was collected from North Wollo Agricultural Office (2010-2018). Coefficient of variation, standardized anomaly index (SAI), precipitation concentration index (PCI) were used to evaluate rainfall and Teff yield variability. Sen's slope estimator and Mann-Kendall's test were used to determine the magnitude and trends of changes, respectively. The analysis revealed that rainfall in the district is highly variable both in space and time for the last years. The coefficient of variation showed that seasonal rainfall distribution is highly variable than annual time scale. The rainfall trends showed decreasing non-significantly in both belg and bega season while increasing non - significantly in both annual and kiremt time scale over the study area. Significant correlations exist between amount of rainfall and Teff production. Hence small changes in amount and distribution of seasonal rainfall causes significant negative impacts on Teff production that varies from reduced yield to the total loss of the crop. The result of the regression analysis shows rainfall characteristics contributed 86% in explaining the variations in the yield of Teff per hectare in the study area. Both farmers' perceptions and meteorological data show that rainfall is much more unreliable in the study area. Most farmers reported that Teff yield is a decreasing pattern over time due to shortage of rainfall, frequent irregularity of rainfall and other factors. Therefore, specific adaptation strategies are needed for the study area to cope with the risks, sustain farming and improve food security.
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    Introduction


    Climate change and variability are perceived as being the greatest threats to agricultural production and food security in sub-Saharan African countries, particularly for regions that depend on rain-fed agriculture [1]. According to Deepak, et al. [2] averaged globally over Africa, ﬁnd that 32-39% of the maize, rice, wheat and soybean year-to year yield variability was explained by rainfall variability. Ethiopia, like other countries in the region, is highly exposed to climate change and variability and has experienced several food crises during the last decade [3].


    Rainfall is the most important climatic element for rain-fed agriculture and the general socio-economic development of Ethiopia [4]. The spatial and temporal distribution of rainfall is important in hydrology, water resource management, agriculture, as well as policy making and planning with regards to climate change [5]. The uneven distribution of rainfall may result in a mismatch between water availability and demand in which case irrigation structures are required to redistribute water in accordance with the requirements of a specific region.


    Studies in Ethiopia have shown that the causes for rainfall variability are erratic nature of rainfall; distribution; late onset and early offset contribute to decline in crop yields with reasonable amount in almost all parts of the country [6]. Similarly, Bewket [7] stated that rainfall variability has historically been found as a major cause of food insecurity in Ethiopia. Crop yield varies from season to season owing to variation in rainfall during the growing seasons [7-9]. The main weather parameter affecting crop growths are rainfall [10]. Having knowledge on sequences of rainfall variability, events can assist acquiring specific information for agricultural planning [11]. Within variable seasonal rainfall patterns, understanding the events of the occurrence of rain features like; onset and end date of rainy season, dry spells are crucial to decrease the adverse effects and exploit opportunities [12]. According to [9] the study of inter seasonal rainfall variability in terms of onset, end date and length of rainy season, number of rainy days, length of dry spell within the growing period and its trend is important for agricultural purposes in the dry land area than annual and seasonal totals.


    Other study examined the impact of rainfall variability on the Ethiopia economy, and found that rainfall variability in the country led to a production deficit of 20% and increase in poverty rates by 25% which coasted by the economy over one-third of its growth potential [13].


    In Ethiopia, teff is the first in terms of area coverage produced by 6.6 million holders and its production is 44.7 million quintals from 2.9 million hectares of land. Teff yield gives the national average grain yield of 15.4 qt/ha [14]. In Guba-lafto district, teff is the first produced production covers 4,345.5 hectares and produce 69,790.3 quintals [15]. The main objective of the study was to investigate the impact of rainfall variability on teff production and local community perceptions in the Gubalafto districts, Ethiopia. Therefore, investigation of rainfall pattern and possible trends as functions of spatial and temporal scale over the study area is necessary and also helps in deriving mitigation measures and evaluating ecosystem resilience towards such variability.


    Materials and Methods


    Description of the study area


    The study was conducted in Gubalafto District, North Eastern, Ethiopia (see Figure 1). It is located in between 11.57°-11.99° N latitude, and 39.2°-39.8° E longitudes with an area of about 900.49 km2. It is bordered on the south by the DebubWollo Zone, on the west by Delanta and Wadla, on the northwest by Meket, on the north by Gidan, on the northeast by Kobo, on the East by Afar region and on the southeast by Habru District.


    The topography of the District is mostly characterized by a chain of mountains, hills and valleys ranging from 1379-3809 meter above sea level. It is also characterized by 20% flat, 30% undulating, 35% mountainous and 15% valleys. Based on the national Census Conducted by the Central Statistical Agency of Ethiopia [16] Gubalafto district has a total population of 139,825 out of which 70,750 are men and 69,075 are women.


    Gubalafto district has three agro ecological zones, lowland that ranges from 1500 m-1800 m, mid-altitude ranges from 1900 m-2200 m and highland ranges 2300 m-3300 meter above sea level district agricultural office (2012). Agro ecological distribution of the study area accounts 17% of lowland, 37% of highland and 46% of land. The District has bimodal rainfall pattern. Kiremt which extends from June to September is the main rainy season with its peak in July and August and the short rainy season Belg occur between February to May. Bega season is the dry season and covers the period from October to January. The study area is highly prone to frequent shortage of rainfall and receives an annual rainfall ranging between 300-400 mm on average. Teff (Ergo teff) is a cool weather crops cultivated at an altitude of 1800m to 2200 meters. Teff, indigenous to Ethiopia, forms the staple diet of many Ethiopians and it furnishes the flour to make injera, an unleavened bread that is consumed in the highlands and in urban centers throughout the country including Gubalafto district (Table 1).


    Data sources and method of analysis


    Sources of data: Both primary and secondary data were used in this study. The primary data include information sourced from administration of structured interview to the rural farmers in the study area while the secondary data (Rainfall and crop yield) were also collected. Observed daily rainfall data was obtained from the National Meteorological Agency of Ethiopia (NMA) for the period 1984-2018 and Teff yield was collected from North Wollo Agricultural Office (2010-2018). The Wheat yield data for the study area covers for the period 2010-2018 due to lack of available crop yield data only 9 years data were collected for analysis. The production data is generated from a sample survey of smallholder farmers with area cultivation in hectares and total production in Quintals (a Quintal is 100 kg).


    Data quality check: Validity checks (quality control) were undertaken for the historical time series climate data prior to undertaking the analysis. In this study, errors due to data digitization and reporting and data internal inconsistency, which rainfall values less than zero (0 mm) [17] were evaluated and managed. On the other hand, outliers in a time series data were detected carefully to check that whether the values are really outliers or naturally extreme values [18]. Outliers were detected using the Turkey fence approach [19]. The rules of this approach are that inner fence are located at a distance 1.5 times interquartile range below the lower and above the upper quartiles and outer fences are located a distance 3 times the interquartile range below the lower and above the upper quartiles. Values outside the turkey fences are considered as outliers.


    Sample size and sampling technique: Sampling technique was used to select the representative sample from the total population under the study and from the total household of the farmer's and kebeles administration of Gubalafto district. Dorogibir and Gubarji kebeles have been selected from the district using stratified random sampling technique; the 2 kebeles have been stratified into two agro climatic zones Dorogibr from the low land (Kola agro ecology) and Gubarjja from the weynadega (mid-altitude) agro ecology have been selected randomly. The villages provide an opportunity to study the impact of rainfall variability on Teff production because there is a frequent rainfall irregularity and post-harvest crop failure in Gubalafto district. The sampling of the population had been as follows that is 203 households from all kebeles. A sample size of 7% of the total households was sampled for the study. The sample size is determined by using the formula provided by [20] to determine the required sample size at 95% confidence level, and level of precision (5%).


    n= N 1+N e 2 ,= 38301.9 1+38301.9 0.07 2 =203(1)


    Where "n" is the sample size, "N" is the population size (total household heads size), and "e" is the level of precision. To collect primary data from sampled households/farmers through structured questionnaire with closed and open-ended option questions.


    Method of data analysis


    Coefficient of variation (CV), Standardized Rainfall Anomaly (SRA) and Precipitation Concentration Index (PCI) were computed to see annual and seasonal rainfall variability over the observed periods.


    CV % = δ X ¯ ∗100(2)


    Where, CV is coefficient of variation in percent, X ¯ and δ are mean and standard deviation values. The degree of variability in rainfall is classified as less (CV < 20%) moderate (CV = 20% to 30%) and highly variable (CV > 30%) according to the estimated CV values [21].


    SRA= Pt-Pm σ (3)


    The drought severity classes are extreme drought (SRA < -1.65), Severe drought (-1.28 > SRA > -1.65), moderate drought (-0.84 > SRA > -1.28), and no drought (SRA > -0.84).


    PCI= Σ p i 2 Σpi 2 ∗100(4)


    When a PCI value is less than 10, indicated a uniformity of monthly rainfall distribution in a year, a PCI value from 11-15 indicates a moderate precipitation concentration and PCI from 16-20 indicates irregular distribution a monthly in a year. APCI value > 20 shows a strong irregularity in rainfall distribution. The PCI indicates the distribution of monthly rainfall and can be used as an indicator of hydrological hazard risks such as floods and droughts [22].


    The areal average of rainfall and temperature for the study location is calculated using the below formula [23].


    Rj= ∑ k=1 j Xij Ij (5)


    Where Rj is a real integrated rainfall/temperature for year j; Xijis rainfall/temperature at station i for year j and nj is the number of stations available for year j. Variability and trend in areal rainfall and temperature is also examined using the same methods. The spatial variability of rainfall and temperature for seasonal and annual time scale across stations has been analyzed and mapped using Inverse Distance Weighting (IDW) technique using QGIS software Tung [24] and Watson and Philip [25].


    Moreover, the determination of start, end and length of the growing season, and the pattern of dry spells during the season is useful information for the planning of land preparation and planting activities. Onset date and Cessation date of the rainfall is so vital, particularly agricultural activities are highly dependent on rainfall i.e., the planting/sowing and harvesting dates are depends on the onset and cessation of the rain fall. The onset of rainy season was determined as the date when 20 mm or more rainfall accumulated over three consecutive rainy days after a starting date (1st of June for the Kiremt season and 1st of February for the Belg season) with no dry spell length greater than 7 days in the next 30 days as used in [26,27]. The end of the rainy season was defined as any day after 1st of September for Kiremt and 1st of May for Belg seasons when the soil water balance reaches zero [28]. Since the dominant soil for all locations studied is Vertisols with high clay content (> 50%), a 100 mm/meter of the plant available soil water and site-specific daily reference evapotranspiration (Eto) values were considered. Length of Kiremt and Belg growing season was determined as the difference between the end and onset of rainy season [10,26,29].


    A delay in the onset of rains causes a short growing season and an early onset leads to a longer growing season [30,31]. Yield may be significantly affected by late onset or early cessation of the season as well as damaging dry spells during the season [32,33].


    The information on the length of dry spells could be used for deciding a particular crop or variety, supplementary irrigation water demand and for others agricultural activities. The different classes of dry-spell length are defined depending their duration 5 days (short length), 7 days (medium length), 10 days (long duration) and 15 days (extreme length). Dry spell length is the maximum number of consecutive dry days with rainfall less than 1 mm per day exceeding 5, 7, 10, and 15 [27]. Dry spell length was analyzed by Markov Chain analysis Stern & cooper [34] and using INSTATv3.37 software. The longer dry spells pose greater adverse impacts for crops whereas the intensity of the impact depending on the sensitivity of crop types and varieties to water deficit, at any of their critical growth stages', whereas the shorter dry spells may not exert significant adverse impact for most.


    Trend analysis


    To detect the trend and magnitude of rainfall and temperature patterns in a time series, Mann-Kendall's trend test and Sen's slope estimation method were employed. According to Pohlert [35], Mann-Kendall's test is a common method employed to detect monotonic trends in series of environmental, climate and/or hydrological data. Mann-Kendall's method is less sensitive to outliers in a time series without considering whether the trend is linear or nonlinear [36,37].


    S= ∑ i=1 N−1 ∑ j=i+1 N sgn xj−xi (6)


    Where xj and xi are the sequential precipitation or temperature values in months j and i (j > i) and N is the length of the time series. A positive S value indicates an increasing trend and a negative value indicates a decreasing trend in a time series. Variance of S, for the situation where there may be ties (i.e., equal values) in the x values, is given by


    Var s = 1 18 N N−1 2N+5 − ∑ i=1 m ti ti−1 2ti+5 (7)


    Where, m is the number of tied groups in the data set and ti is the number of data points in the ith tied group. For n larger than 10, the standard normal ZMK test statistic is computed as follows [36].


    ZMK= S−1 var s 0 S+1 var s  S>0 S=0 S<0 (8)


    The presence of a statistically significant trend is evaluated using the ZMK value. In a two-sided test for trend, the null hypothesis Ho should be accepted if │ZMK│< Z1-α/2 at a given level of significance. Z1-α/2 is the critical value of ZMK from the standard normal table. E.g., for 5% significance level, the value of Z1-α/2 is 1.96.


    Sen's slope estimator test: The magnitude of trend is predicted by the Sen's estimator. The slope (Ti) of all data pair computed as [38]. This test is applied in cases where the trend is assumed to be linear, depicting the Quantification of changes per unit time.


    Ti= xj−xk j−k (9)


    Where Xj and Xk are considered as data values of time j and k (j > k) correspondingly. The median of these N values of Ti is represented as Sen's estimator of slope which is given as


    Q= 1 2 T N 2 +T N+2 2 T N+1 2  ifNiseven ,ifN is odd (10)


    Positive value of Qi indicates an upward or increasing trend and a negative value indicates downward or decreasing trend in the time series.


    To summarize the daily rainfall data, Instat + v3.7, GenStat and XLSTAT software packages were used. QGIS was also come into action to interpolate and map seasonal and annual rainfall distribution of the study region using inverse distance weighting interpolation approach.


    Correlation and regressions techniques are important in showing the relationship between rainfall parameter and crop production, and to identify the most predictor variable. Lemi [39]; Bewket [7]; Rowhani, et al. [40], and Akinseye, et al. [41] used the same methodology in their study of the relationship between climate variables and crop production. The Pearson correlation coefficient (r) was analyzing to evaluate the linear relationship between rainfall and the crop yields (Teff). Pearson's correlation coefficient (r) which was calculated by in the below equation:


    r= Σxy−ΣxΣy n Σ X 2− Σx 2 n Σ Y 2− Σy 2 (11)


    Where is Pearson's correlation coefficient, y is the observed yield, x is rainfall characteristics and n is number of observation.


    Regression analysis is a form of predictive modeling technique which investigates the relationship between a dependent (target) and independent variable (predictor). Multiple regression analysis was used to determine the contribution of the rainfall characteristics to crop yield. The analysis described the effects of the independent variables jointly on the yields of the crops. Regression model for the study was also computed as:


    Y = a + b1x1 + b2x2 + b3x3 + b4x4 + bnxn + e…………………………. (12)


    Where; Y = the value of the dependent variable (Teff yield/ha);


    a = Y intercept b1, b2, b3, b4, ••• bn = regression coefficients (each b represents the amount of change in Y (Teff yield/ha) for one unit of change in the corresponding x-value when the other x values are held constant; x1, x2, x3, x4, ••• xn = the independent variables (i.e. rainfall onset, cessation, duration, Kiremt total rainfall and number of rain days respectively); and e = the error of estimate or residuals of the regression.


    Result and Discussions


    Rainfall variability and trends


    The mean annual and seasonal rainfall variability at the 6 stations is presented in Table 2.


    The study area is characterized by bimodal rainfall pattern and much of the rainfall is concentrated in the kiremt season (June-September). On other hand small rains during belg season which begin from February and extends to May. The area receives a mean annual rainfall ranging from 566.3 mm at Hara to 876.4 mm at Sirinka station with areal mean annual rainfall of 703.3 mm. The variability of annual rainfall was lowest at Sirinka (CV = 19.9%) and highest at Hara (CV = 35.8%). This implies that the annual rainfall was more unreliable and unpredictable at Hara areas due to erratic and uneven distribution of rainfall.


    At the seasonal level, the mean kiremt total rainfall varies from 402.9 mm at Hara to 596.2 mm at Gobye areas with areal mean rainfall of 489.2 mm. The contribution of kiremt rainfall to the average annual rainfall across station is also very high, it ranges from 61.1% at Sirinka to 83.3% at Delib areas (Table 2). This is supported by [8,42]. During Belg season, Sirinka received the highest rainfall amount of 241.9 mm while Delib received the lowest rainfall amount of 92.9 mm with areal mean rainfall of 154.5 mm. It also contributes a considerable amount (15.6%-27.6%) for the annual total rainfall at Delib and Sirinka stations respectively. In line with this in the Amhara regional state of Ethiopia belg rainfall had contributed 8 to 24% to the annual rainfall totals [8,42]. The result also indicated that Belg rainfall variability for all stations were extremely high variable (CV > 40%). This implies that during Belg season the rainfall is highly variable according to the classifications given in Hare [43]. It is therefore, the study area has been vulnerable to drought during belg season (CV > 30%). Additionally, during Bega season (October-January) the mean total rainfall was ranging from 12.5 mm at Woldia to 75.7 mm at Gobye for the last 35 years. Its contribution to the annual rainfall is less which varies from 1.7% at Woldia to 9% at Gobye areas. The coefficient of variation of rainfall also shows extremely variable (CV = 50%) in all stations. Likewise, the mean monthly rainfall of the stations in the Gubalafto district varied from 9.7 to 221.4 mm (see Figure 2). Comparatively the monthly rainfall was low from October to February but started to increase in June. Moreover, relatively intensive rainfall was received between June and August. The minimum monthly rainfall was recorded at Delib in January while that of maximum monthly rainfall was recorded at Gobye in Agust. Generally, rainfall in Gubalafto district showed moderate inter-annual variability as shown by the coefficients of variations (Table 2). The seasonal rainfall was highly variable than the annual rainfall amount. Also, both Belg and Bega rainfalls are found much more variable than the Kiremt rainfall in which their coefficient of variations are greater than 30%. A similar conclusion that Belg and Bega rainfalls are more variable than Kiremt rainfall was arrived at by Bewket and Conway [42].


    Annual and seasonal rainfall anomaly: The standardized rainfall anomalies (SRA) were also calculated to assess the inter-annual rainfall fluctuations at the study area. The rainfall in the Gubalafto district was characterized by sporadic fluctuation of wet and dry years in a periodic pattern (Figure 3). The result of the standardized rainfall anomaly on the annual basis showed 42.8% dry tendency dominates while 57.1% dominates wet tendency over the study area. Likewise, the standardized anomalies of kiremt rainfall revealed that 48.6% weak to strong negative departure from the long term mean rainfall and 51.4% recorded above the long-term average rainfall. According to drought assessment method by Agnew and Chappel [44], there have been seven driest years in the Gubalafto, with varying severity. During kiremt there were two extreme (1987 and 2015), one severe (1984) and four moderate (1989, 1992, 2004 and 2009) dry years. In contrast, years like 1994, 1998 and 2012 were experienced severe wet while that of 2018 was showing extremely wet and two moderate wet years were observed (1988 and 1999 in the district over the period of record.


    The onset, cessation date and length of growing period: Agricultural productivity heavily depends on onset and cessation of rainfall and Length of Growing Period (LGP). Determining these variables are useful for early warning and preparedness. However, in Ethiopia, an onset and cessation of seasonal rainfall vary considerably within few kilometers distance due to altitudinal variations, orientation of mountain chains and their physical influence on atmospheric flow [45].


    The mean onset date was varied from 2nd week of July (184.4 DOY) at Gobye to July 11th (193.8 DOY) at Woldia areas with areal mean onset date is July 7th (189.7 DOY) see Table 3. In a study conducted in northern Ethiopia, Hadigu, et al. [9] found the onset date of Kiremt growing areas to be between the 1st and 3rd week of July.


    The observed variability of Kiremt onset was varied from 7.2% at Sirinka to 15% at Woldia areas. This shows that the onset date of Kiremt growing season have been experienced dependable patterns across Sirinka while at Woldia the patterns couldn't be easily understood and consequently decisions pertaining to crop planting and related activities should be taken with great care. The mean cessation date also ranged from September 21st (265 DOY) at Hara to September 29th (273.4 DOY) at Gobye areas with areal mean cessation date is September 25th (269.9 DOY). This study is supported by Abegaz WB, et al. [46]. Therefore, the end of the season is extended more at Gobye compared to other areas. The Coefficient of Variation of cessation of the main rainy season (Kiremt) over the study area is less variable which is 4.9% shown in (Table 3). The average value of length of growing period during main rainy season over Gubalafto district was 78 days cited in Table 3. The length of growing period has variability with values ranging from 72.6 days at Hara to 126 days at Gobye areas. Likewise, the coefficient of variation of length of growing period ranging from 22.3% to 28.3% at Sirinka and Hara areas respectively. Higher coefficients of variation in LGP, gives less confidence in crop selection based on maturity period.


    The number of rainy days and probability of dry spell lengths: For Kiremt season, the number of rainy days observed in the given duration varied from 48.2 days at Sirinka to 53.7 days at Delib with areal mean of 51.2 days. The inter annual variability of number of rainy days varied from 21.9% at Sirinka to 36.4% at Hara areas (See Table 3). This result is supported by Hadigu, et al. [9].


    The probability of dry spell occurrence for Belg (DOY = 32- 152) and Kiremt (DOY = 153-274) seasons for six selected stations is shown in Figure 4; dry spell lengths of 5,7,10, and 15 days were considered. Dry spell length is the maximum number of consecutive dry days with rainfall less than 1 mm per day exceeding 5, 7, 10, and 15 [27].


    The information on the length of dry spells could be used for deciding a particular crop or variety, in a given location and for breeding varieties of various maturity durations [47]. Similarly, information on dry-spell lengths could be used in decision making with respect to supplementary irrigation and field operations in agriculture [48]. Rainfall being a prime input and requirement for plant life in rain-fed agriculture, the occurrence of dry-spells has particular relevance to rain-fed agricultural productivity [49]. Prolonged dry-spells during cropping seasons directly impact the performance of crop production. As indicated in the Figure 4, the probability of dry spell occurrence during belg and kiremt seasons is different among stations. Observations of climatic data illustrate that the probability of dry spells occurring within the growing seasons varies from month to month. To consider the intensity of dry-spells, we further assessed the probability that dry spells will exceed specific numbers of consecutive days. Moreover, the probability of the occurrence of dry spells of 5, 7, 10, and 15 days were above 60% in all areas during the small (belg) rainy season. The probability of 7, 10, and 15 days dry spell occurrence starting from end of June until the peak rainy period (July and August) becomes zero at all areas where as the probability of 5 day dry spells occurrence were more than 30% at all stations during the main rainy season. The probabilities of 5, 7 days dry spell occurrence rapidly increases after the first decade of September (245 days of the year) while 10 and 15 days dry spells were gradually increase from the first decade of September to end of September.


    Generally, the shorter dry spell events have higher probability of occurrence, compared to the longer ones in general. The Belg (FMAM) season has higher probability of dry spells than the Kiremt (JJAS) and is liable to meteorological drought. The challenges of risk of dry spell were more at Hara, Delib, Gobye, and Sanka areas as compared to other areas. Hence crop production during this particular period needs a due attention and monitoring of planted crops. This implies that the risk of planting long cycle before June is above 65%.


    The number of very heavy rainfall and simple daily rainfall intensity: Very heavy rainfall days are count of days where rainfall ≥ 20 mm while simple daily rainfall intensity is mean rainfall amount in wet days [50].


    The average number of days with very heavy rainfall per year varies from 1.7 days at Hara to 8.5 days at Gobye with areal mean very heavy rainfall 4.8 days. The coefficient of variation revealed that extremely variable in the number of very heavy rainfall at all stations.


    On the other hand the simple daily intensity of rainfall on average per rainy day ranged from 8.2 mm per day at Hara to 11.4 mm per day at Gobye for the last 35 years. The coefficient of variation also showed that moderate fluctuations of intensity of rainfall at Sirinka, Woldia and Gobye stations while at Sanka, Hara and Delib extremely variation of rainfall intensity in the study area (See Table 3). Excessive rains are generally associated with crops loss due to floods that wash away the crops or make them rot in the gardens. Moreover, too much rain affects post-harvest handling of the crops and can result into substantial post-harvest losses. Besides, in the early stages of crop production, excessive rains can lead to erosion of topsoil's and leaching of soil nutrients, thereby affecting productivity. Other effects of excess rainfall on crop production include poor pollination, seed and fruits formation. In general, Heavy rainfall events leading to flooding can wipe out entire crops over wide areas, and excess water can also lead to other impacts including soil water logging, and reduced plant growth.


    The spatial distribution of annual and seasonal rainfall: The spatial distributions of rainfall for annual and seasonal time scale are shown in Figure 5. From the Figure 5 it can be seen that the highest annual rainfall values were recorded (721-875 mm) in most parts of eastern gubalafto district and the lost values were recorded (566-643 mm) in pocket areas of north and eastern parts of the district. During kiremt season, the southern and western part of the study area received maximum rainfall while the northern and north eastern parts of the study area received low rainfall. Similarly, during Belg season, the highest rainfall was observed in the southern and eastern parts of the region while western and north western parts of study area received low rainfall.


    Trends of annual and seasonal rainfall


    Trends of annual and seasonal (Belg and Kiremt) rainfall totals presented in Table 4.


    The Mann-Kendall trend test shows anon-significant increasing trends of annual rainfall at Sirinka, Sanka, Hara, Delib, and Woldia stations respectively. This is supported by Abiy Gebremichael, et al. [51] and annual rainfall showed an increasing trend at Indibir station in his study. Insignificant annual rainfall trends may be due to high inter-annual variability. On the contrary significant decreasing trend was observing in annual rainfall at Gobye by 10.5 mm per annual. This agrees with the results of the study by Wagaye BA, et al. [52]. On the other hand the kiremt seasonal rainfall showed increasing trend at all stations. However, the detected trends were statistically significant at Hara and Woldia stations only. This agrees with the result of the study by Abegaz WB, et al. [46]. The Belg rainfall also showed a non-significant decreasing trend at all stations but a non-significant increasing was observed at Hara station. Similarly, Ayalew, et al. [8] also found decreasing trend of belg rainfall was identified at kombolcha and Sirinka stations. Generally, the result showed that the areal annual and kiremt rainfall have been anon-significant increasing trends while the belg rainfall has been anon significant decreasing trends were observing in the Gubalafto district over the last periods.


    Trends of onset, cessation and length of growing period: The Mann-kendall's trend test on starting of kiremt rainfall showed anon significant decreasing trend at Sirinka, Sanka, Woldia and Gobye stations respectively (See Table 5). In line with this Getaneh [53] reported that non- significant decreasing trend was observed at Lalibela station. The decreasing trend in onset date shows early starting of kiremt rainfall in the past 3 decades. On the contrary a non-significant increasing trend of the onset date was observing at Hara and Delib respectively. Similarly, the cessation date has been increasing at all stations except Gobye. However, the detected trends were significant at Hara, Sanka and Woldia stations. This agrees with study by Hadigu, et al. [9] reported that significantly increasing trends of cessation of kiremt season rainfall at Mekele and Adigudum stations in the Northern Ethiopia. The length of the growing period showed a non-significant decreasing trend at Gobye whereas at Sirinka, Sanka, Hara, Woldia and Delib have been increasing trends. However, the detected trends were significant at Sanka, Hara and Woldia stations.


    Generally, the mann-kendal trend test showed that the onset date has been decreasing non-significantly by 1.4 days per decade while that of cessation date has been showing anon –significant increasing trend by 3 days per decade in the study area. Likewise, the length of growing period also increasing trends observed. However, the detected trend was non-significant.


    Variations and trends in teff production


    The highest Teff yield per hectare was 20.8 quintal per hectare in 2016 while the lowest yield of 8.6 quintal per hectare was recorded in 2015 at Gubalafto district (Figure 6). The mean yield was 16.2 quintal per hectare with moderate year to year variation in the study area for last years (Table 6).


    Trends of teff production in the study area: Table 7 Showed the Man Kendall's trend test of Teff yield result over the study period (2010-2018) in Gubalafto district. The Man Kendall's trend test has been showing anon-significant decreasing trend of Teff yield by 0.23 quintal per hectare in the study area.


    Relationship between rainfall characteristics and teff production: The correlation between rainfall characteristics and Teff production were computed and the result is presented in (Table 8).


    The correlation between rainfall characteristics and teff yield shows that rainfall amount; number of rainy days, cessation date, and length of growing period shows strong positive correlations with Teff yield in the study area. This implies that the higher the amount of rainfall spread over the number of rain days with extended duration in a year, the higher the yield of Teff per hectare in the area.


    Teff production anomalies and kiremt rainfall variability: Figure 7 shows anomalies of meher Teff production and kiremt rainfall variability at the district level. Teff production was below mean in the year 2011 and 2015 when kiremt rainfall was also below the mean for the same period. Above average Teff production was observed in 2010, 2013, 2014, 2016, 2017 and 2018 Kiremt rainfall was above average during those years. During the year 2012 the amount of rainfall was above the mean whereas below average teff production was observed (Figure 7).


    Regression analysis of rainfall characteristics and teff yield: The results of linear regressions of precipitation on crop yields are presented in (Table 9). Linear regression analysis was carried out in order to determine the relationship between the rainfall variables and Teff yields.


    The analysis described the effect rainfall characteristics (independent variable) jointly on the yields of the crops. Model summary of regression analysis showed that R2 for Teff yield was 86% in table below. This implies that climate alone explained these percentages of variation observed in the crop yield in the study area. Other factors such as farm management techniques and edaphic factors could be responsible for the remaining percentages. Among the rainfall characteristics amount of rainfall with increase in the number of wet days are the most important variable for the variation of Teff yield in the study area (Figure 8).


    Equation of the regression model:


    Yield = -3.36281-0.05697*kiremt RF + 0.72535*NRD (13)


    Characteristics of respondents in the study area


    From total 203 respondents included in the survey, 72% were male and the rest 28% were female. The majority of the farmers (83%) fall between the economic active ages (36-50 yrs). Around 66% of the respondents were 20-35 years old and about 54% were above 50 years old. Furthermore, marital statuses of respondents were 63% married, 31% single and 6% divorced from the sampled households. From the total respondents around 57% household heads respondents were illiterate with no formal education, 27% had primary education and 12% had secondary education and 7% had graduate with formal education (Table 10).


    Perception of farmers on annual and seasonal rainfall variability and trends: Perception of farmers on trends and variability of seasonal and annual rainfall totals and its distribution is presented in Figure 9. The results showed that more than 81.2% of the farmers in the study area perceived a decreasing trend of kiremt and belg rainfall totals. On the contrary, 2.5% of the respondents reported that mean of kiremt and belg rainfall was increasing pattern over time in the study area. On the other hand, 4.4% and 8.9% of the farmers at gubalafto district perceived no change in the belg and kiremt rainfall in the last 20 years respectively. The result also 5.4% and 6.9% of the respondents reported that the amount of belg and kiremt rainfall respectively has been fluctuating over time in the study area.


    Perception of farmers on trends of onset, cessation dates and the LGP: Farmers in the study area perceived that rainfall events such as onset date, cessation date and Length of Growing Period (LGP) have been changed (Figure 10). It has been indicated that 69.9% and 20.7% of the farmers at Gubalafto district had perceived late onset and late cessation of kiremt rainfall respectively and consequently, 100% believed decreased in LGP.


    Moreover, about 9.8 and 73.4% of farmers at the study area had noticed decrease in frequency of onset and cessation date in kiremt rainfall, respectively while more than 63.6% perceived decrease in LGP.


    Farmers' perception on teff production in the study area: Results showed that Teff is one of the significant crops cultivated in the study area because it is a staple food crop foremost farmer. However, 92.1% of the respondents reported that Teff yield is a decreasing pattern over time due to shortage of rainfall (46.5%), variability of rainfall distribution (31.5%) and variability of onset and cessation (13.4%) etc. On the other hand, 6.9% of the respondents reported no change of the crop over time (Figure 11 and Figure 12).


    Perception of farmers on climate related hazards and other natural risks: The study results revealed decline in crop yield, increase in pest and disease; increased extreme climatic events such as drought, flood, thunder and other related events have devastating impacts on crop production in the Gubalafto district (Figure 13). Therefore, the results of 32% and 1.5% of respondents revealed that Teff yield was reduced by pest and diseases respectively in the study area. Likewise, almost 39%, 6.5%, 0.5% and 20.5% of the respondents confirmed that Teff yield is a decreasing trend over time due to severe drought, flood, thunder and other extreme climatic events respectively in the study area.


    Conclusions


    Ethiopia's agriculture is almost exclusively rain fed, so rainfall variability comprises an important source of uncertainty in agricultural production decisions. Information on seasonal Kiremt and seasonal Belg rainfall amount is important in the rain fed agriculture of Ethiopia since more than 85% of the population is dependent on agriculture particularly on rain fed farming practices [54]. But climate variations influences agricultural production and hence it affects crop productivity and land use pattern. This study investigated assessing the impact of rainfall variability and Farmers perception on Teff production. Case study in Gubalafto districts, North Eastern, Ethiopia.


    The analysis on long term rainfall data for the study area showed large inter-annual and seasonal variation in the amount and distribution of rainfall. The rainfall trends showed decreasing in belg while increasing in both annual and kiremt. However, the detected trends are non-significant in the time series. Over the last periods trends of rainfall events such as onset date, cessation date and length of the growing period were changed non-significantly in the study area.


    The variability of seasonal rainfall causes fluctuations in production of major crops. Due to high correlations between crop production and seasonal rainfall, small changes in amount and distribution of seasonal rainfall causes significant negative impacts on crop production that varies from reduced yield to the total loss of the crop. As result Teff production exhibits the largest year to year variations in the study area. This high inter-annual variability is caused by rainfall variability where in the rainfall components of amount of rain, number of rainy day, onset and cessation date and length of growing period often play the biggest role.


    The result of the regression analysis shows rainfall characteristics contributed 86% in explaining the variations in the yield of Teff per hectare in the study area. Both farmers' perceptions and meteorological data show that rainfall is much more unreliable in the study area. Most farmers reported that Teff yield is a decreasing pattern over time due to shortage of rainfall, frequent irregularity of rainfall and other factors.


    Recommended practices include water harvesting, supplementary irrigation, run-off management, conservation tillage and integration of more leguminous species into rotation systems. Improved soil surface management practices, small water harvesting systems and small irrigation systems have been shown to offer great potential for making maximum use of rainwater. In addition, such practices allow farmers to intensify their production activities and encourage increased diversity in production of high value crops.
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