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Abstract

:

The increase in the intensity and frequency of climate extremes threatens socioeconomic development. This study examines variability of mean and extreme climate, farmers’ perception of the changes, and impacts in the Awash River Basin. Daily rainfall and temperature data were used to analyze 23 extreme climate indices. The Mann–Kendall test was used to assess the magnitude and significance of the changes. Results show an increase in minimum (0.019–0.055 °C/year) and maximum temperatures (0.049–0.09 °C/year), while total rainfall is on a downward trend (from −3.84 mm/year to −10.26 mm/year). Warm extreme temperature indicators, including warmest day (TXx), warmest night (TNx), warm day (TX90p), warm night (TN90p), and warm spell duration indicator (WSDI), show a significant increasing trend (p < 0.05). Nevertheless, except the tepid–cool humid agroecology zone, cold extreme temperature indicators in cool days (TN10p), cool nights (TX10p), and cold spell duration (CSDI) are declining. Extreme precipitation indices, including maximum 1-day precipitation amount (RX1day), count of days when precipitation ≥10 mm (R10 mm), maximum 5-day precipitation amount (RX5day), count of days when precipitation ≥20 mm (R20mm), very wet days (R95p), extreme wet days (R99p), and total precipitation (PRCPTOT), show a decreasing trend. The perception of most farmers’ on climate change and climate extremes agreed with climate records. The major impacts perceived and asserted over all agroecologies are food price inflation, crop productivity decline, crop pests and diseases spread, livestock disease increase, and the emergence of pests and weeds. The increasing trend in extreme warm temperatures, decreasing trend in the cold extreme, and declining trend in precipitation indicators affected agricultural productivity and farmers whose livelihood depends on rainfed agriculture. This agroecology-specific study provides critical information to policymakers, decision makers, and farmers about the potential impacts of climate change and extreme events, leading to the development of agroecology-based adaptation measures.
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1. Introduction


The influence of human activities has altered climate systems, resulting in the warming of both land and the atmosphere [1]. From pre-industrial (1850–1900) to current post-industrial (2006–2015) times, the mean land surface temperature (LST) and global mean surface temperature have increased by 1.53 °C and 0.87 °C, respectively [2]. Temperature and rainfall are vital weather variables; they influence most socio-economic activities in a given area. A shift in the mean of these variables threatens people whose livelihood depends on rainfed agriculture [3,4]. As global temperatures and precipitation continue to change, climate extremes are projected to increase in both intensity and frequency. Thus, understanding extreme precipitation and temperature events is important as their indicators, such as drought and flood, affect various socioeconomic activities [5].



Climate extreme events have received significant attention given the associated devastating impacts [6,7]. The events have come to be framed descriptively as driving adaptation and prescriptively as useful indicators that the climate is changing. Such information can be useful for adaptation planning [8]. Recent studies, e.g., [9,10,11], have revealed patterns and trends in extreme weather events over East Africa. Furthermore, droughts and storms have become much more frequent within the last three decades [12]. According to Funk et al. [13], continued warming in the Indian Ocean contributes to spring and summer droughts. Climate change is widely believed to be occurring in various parts of Ethiopia [14,15,16]. Observed changes in extremes in the country are dependent on the reliability and quantity of available data. However, there is low–medium confidence in extreme historical temperatures and heavy rainfall trends over most parts of Ethiopia because of a lack of empirical evidence. Meanwhile, extreme temperatures have risen in most parts of Ethiopia, where reliable data are available [17,18].



The development of internationally agreed-upon climate indices, such as the Expert Team on Climate Change Detection and Indices (ETCCDI), that represent more extreme aspects of climate, has promoted research in climate change. Ongoma et al. [9] used extreme climate indices to show a general decreasing rainfall trend at various significance levels in Kenya and Uganda. A study conducted in Ethiopia, Kenya, and Tanzania [19] reported an increasing daily and monthly temperature trend. Like other East African countries, Ethiopia is very vulnerable to climate change and variability due to its over-reliance on rainfed agriculture to sustain the economy. Changing rainfall patterns and frequent extreme events such as drought, flood, and hail have a greater negative impact on the biophysical environment, food security, and economic growth than long-term mean temperature and precipitation alteration alone [20,21]. Considering the country’s history of major climate disasters, conducting long-term trend and variability studies on what has changed in recent decades has contributed to agricultural productivity, and adaptation to and mitigation of climate change [22,23].



Furthermore, when looking at different biophysical setups in Ethiopia, a few researchers that have addressed the issue of climate extreme studies using indices obtained from the ETCCDI have yielded contradictory results. Teshome and Zhang [24] found that precipitation extents such as annual total precipitation (PRCPTOT), the number of heavy precipitation days (R10mm), and consecutive wet days (CWD) are decreasing. Kiros et al. [14] examined trends in 12 extreme indices in the Geba River Basin between 1971 and 2013. Precipitation indices such as the number of consecutive dry days (CDD), PRCPTOT, the number of days when precipitation is ≥10 mm, 20 mm, and 25 mm, the maximum precipitation amount over 1 and 5 days (RX1day and RX5day), and the simple daily intensity index (SDII), showed a decreasing pattern in the most of river basin stations. In contrast, most stations in the river basin show increasing trends in temperature indices, including the number of CWD and precipitation indices, such as very wet (R90p) and extreme wet days (R95p and R99p). Geremew et al. [25], in their study, examined an increasing trend in the mean annual number of CWD, the number of wet days (NWD), and the mean annual CDD at some stations in Northwest Ethiopia. Generally, various studies conducted across the country show varying outcomes, stressing the need for location-specific analysis. Recent studies conducted in various parts of the country confirmed an agroecology-based analysis that can benefit local climatic adaptation measures [18,26].



Recent studies in the Awash River Basin identified drought and flooding events [27], land use land cover transition [28,29], improper land-use practices [30], and deforestation [31] as key development challenges. Examining their characteristics across agroecologies in the basin is vital given the agricultural importance of extreme climate events. A comprehensive assessment of how various climate extremes change across the basin provide valuable information to stakeholders and decision makers. Essentially, climate change and extreme events perception are complex processes that encompass a range of psychological constructs, such as knowledge, beliefs, attitudes, and concerns about whether and how the climate is changing [32,33]. Perception is influenced and shaped, among other things, by an individuals’ characteristics, experience, information, and the cultural and geographic context in which they live [32,34,35]. Considering trends in farmers’ perceptions of climate change and extreme events is important. Failure to assess farmers’ beliefs on the impacts of climate change and their adaptation attitudes can result in ineffective and inefficient long-term adaptive measures [36,37].



Therefore, assessing trends in climate extremes based on data and farmer perceptions is critical to understanding its sectoral implications and developing adaptation strategies [38,39]. Evidence suggests that individual perceptions of climate change accompanied by climate extremes can influence beliefs, concerns, risk perceptions, mitigation, and adaptation behaviors [40,41]. Existing studies are primarily confined to the Blue Nile Basin, excluding analyses of areas where extreme climate trends occur in constrained spatial and temporal regions, such as in the Awash Basin [27,42]. Moreover, these studies have been undertaken with climatic data quality issues unrelated to local perception.



Consequently, studies do not comprehensively analyze the spatiotemporal variability in temperature and precipitation extremes across agroecologies basins. Studies of extreme climates and their characteristics are critical for applying integrated, climate-related policy formulation and implementation. Ethiopia has complex patterns of climate trends; microscale studies on the variability and trends of extreme weather events are critical for understanding local-scale indications of climate changes and designing context-specific adaptation interventions. The study’s objectives were to (1) analyze agroecology based on mean and extreme temperature and precipitation events from 1983 to 2016; (2) assess farmers’ perception of changes in mean climate and extreme events, and its agricultural implications, in the Awash-Awash subbasin.




2. Materials and Methods


2.1. Study Area


The Awash at the Awash subbasin (hereafter Awash-Awash) is one of six major water resource planning areas classified according to the Awash River Basin’s hydrological, administrative, economic, and social boundaries. It has an area of 12,302.9 km2, located between latitudes 7°54′ N–9°16′ N and longitudes 38°55′ E–40°46′ E (Figure 1). The elevation of the subbasin ranges between 4191 and 744 m above sea level. Awash-Arba 1 and 2 and the Kaleta-Werenso rivers are the main rivers in the subbasin that contribute major flows to the Awash River Basin. The subbasin climate is influenced by the north–south shift of the Inter-Tropical Convergence Zone [43]. According to the Ethiopia National Meteorological Agency [44] classification system, hot–warm arid, tepid–cool sub-moist, tepid–cool moist, and hot–warm moist dominate the agroecological zone (AEZ) of the subbasin. According Köppen classification, hot semiarid climate (Bsh), tropical rainy climate (Aw), warm temperate rainy climate (Cfb), and warm temperate rainy climate (Cwb) dominate the subbasin [45]. The mean minimum and maximum temperatures are 14.1 and 28.6 °C, respectively, while the mean annual rainfall in the region is about 773 mm [29]. Cultivated land, and shrub and bushland cover about 67% and 19% of the subbasin, respectively. The subbasin is known for the presence of large-, medium-, and small-scale irrigated lands that make it one of the country’s economic centers. Seasonal and perennial crops are widely cultivated, ranging from cereals to vegetables, khat (Chata edulis), fruits, and sugarcane. The population of the subbasin was estimated to be 2,093,216 in 2007 and was projected to reach 2,718,638 by the year 2019 [29].




2.2. Data Types and Sources


2.2.1. Data Preparation, Quality Control, and Analysis of Extreme Climate Indices


The daily maximum and minimum temperature and precipitation records were sourced from the Enhancing National Climate Services (ENACTS) dataset (http://www.ethiomet.gov.et/ (accessed on 12 November 2021)). The dataset combines precipitation estimated from EUMET-SAT, temperature from NASA satellites, and ground observation from National Meteorological Agency (NMA) [46]. An observed dataset which running from 1983 to 2016 with a spatial resolution of 0.0375° × 0.0375° was provided by NMA. The ENACTS have demonstrated strong performance when considered at station locations throughout the country [22,46,47,48].



Basic quality control of the input data was carried out using ClimPACTv2, an R software package. The software and relevant documents of ClimPACT2 can be accessed from the website: https://github.com/ARCCSS-extremes/climpact2 (accessed on 12 November 2021). Artificial shifts in climate data series, homogeneity, and change points were checked and adjusted using RHtestsV4 and RHtests_dlyPrcp, R software packages for temperature and rainfall, respectively [49].



The Expert Team on Sector-specific Climate Indices (ET-SCI), was used to expand the generic ETCCDI [50]. The ET-SCI developed several sector-specific climate indices that consider agriculture, water, and health derived. A standard deviation of three (3) was used to detect the outliers, and some detected outliers were adjusted. The prepared time series dataset was used to compute 12 temperature, 10 rainfall indices, and a drought index in 6 Major Agroecology Zone (MAEZ) of the subbasin (http://etccdi.pacificclimate.org/list_27_indices.shtml (accessed on 12 November 2021)). These indices describe the frequency, amplitude, and persistence of extremes and have been used by many researchers, e.g., [51,52,53].




2.2.2. Socioeconomic Data and Method of Analysis


Agroecology-based classification was used to choose participants in the subbasin to obtain in-depth and diverse information on the perception of trends in climate change and extreme events. Qualitative data from nine key informant interviews (KII) (one development agent per village and one agriculture office expert per district, “woreda”) and six focus group discussions (FGD) (one per village) were used, as well as quantitative data from a household survey. The Awash-Awash subbasin was chosen as one of Ethiopia’s most environmentally vulnerable areas. Agroecological zone classification was used to identify and select three woredas and six villages from the subbasin. A simple random sampling technique was used to obtain individual farmers from lists of selected accessible villages. Following Kothari’s [54] formula, 384 households were chosen as sample respondents (Table S1). Climate change perceptions were gathered using closed and open-ended questionnaires and temperature and rainfall indicators. The household data were analyzed using STATA v.15 (StataCorp, College station, TX, USA), whereas data from KII were transcribed, summarized, and analyzed qualitatively. Finally, qualitative data from key informant interviews and FGD were used to triangulate, substitute, and supplement quantitative climatic data.




2.2.3. Standardized Precipitation–Evapotranspiration Index


The drought frequency was calculated based on the SPEI-12 index value categorization [27]. Drought frequency is obtained by dividing the number of years of drought occurrence by the total number of years under analysis and multiplying by 100% [55].





2.3. Climate Trend Analysis


The nonparametric tests have been widely used in climatic time series analysis due to their simplicity and suitability for data with outliers. The most commonly used nonparametric statistical tests in trend analysis are Mann-Kendall’s trend test [56,57] and Sen’s slope estimator [58]. The Mann-Kendall (MK) test is a nonparametric approach for testing the significance of monotonic trends, linear or nonlinear, in time series data. The method has been widely used to detect trends in hydrometeorological data [9,59]. MKtrend test is expressed by Equation (1):


  S =   ∑   i = 1   N − 1     ∑   j = i + 1  N  s g n    x j  −  x i     



(1)




where S is MK test statistics, xi and xj are the sequential data values of the time series in the years i and j (j > i), respectively, and N is the length of the time series. A negative S value indicates a decreasing trend, and a positive value indicates an increasing trend in the data series.



The sign function sgn is given by Equation (2):


  s g n    x j  −  x i    =       + 1   i f      x j    > 0       0     i f        x j  −  x i    = 0       − 1     i f        x j  −  x i    < 0        



(2)







If the data are independent and normally distributed, then the variance of the K statistic is given by Equation (3):


  V a r    K  =  1  18     P   P − 1     2 P + 5   −   ∑   i = 1  q   d i  (    d i  − 1     2  d i  + 5      



(3)




where P is the number of points, q is the number of tied groups in the dataset, and di is the number of data points in the ith tied group. A tied group is the sample data with the same value; there is zero difference between the compared values. The summation aspect of Equation (3) can be ignored if there are no tied groups.



The values of K and Var (K) will be used to compute the test statistic Z by Equation (4).


  Z =         K − 1     V a r  K        i f   K > 0       0                                     i f   K = 0         K + 1     V a r  K        i f   K < 0        



(4)







The Z value is used to calculate the statistically significant trend. A positive or negative value of Z represents an upward or downward trend, respectively. The null hypothesis is rejected at the significance level of 𝛼 if |Z| ≥ Z_(α/2), where Z_(α/2) is the critical value of the standard normal distribution with a probability exceeding α/2, and shows that the trend is significant. If |Z| < Zα/2, then the null hypothesis is accepted, and the trend is insignificant. A trend will be considered statistically significant if it is significant at the 95% confidence level. Sen’s slope estimator is applied when the trend is assumed to be linear, showing the quantification of changes per unit time (slope). It is given by Equation (5):


   T s  =    x a  −  x b    a − b    



(5)




where Ts is the estimate at year xa, and xb are considered data values at the time a and b (a > s), correspondingly.





3. Results and Discussion


3.1. Observed Annual Trend in Mean Temperature and Rainfall


Observed changes in annual mean temperature and rainfall show a significant decrease in annual total precipitation (TRF) and an increase in minimum (Tmin) and maximum temperature (Tmax) between 1983 and 2016 (Figure 2 and Table 1). A significant and highest decreasing trend (−3.83 mm/year) in TRF was observed in hot–warm arid, while the lowest (−10.26 mm/year) is observed in cold–very cold AEZ. The trend in hot–warm semiarid AEZ shows an insignificant increase (2.16 mm/year) in TRF (Figure 2 and Table 1). Five out of the six AEZ tend to show a positive Tmin trend, with only one hot–warm semiarid station depicting an insignificant decreasing trend (Figure 2 and Table 1). The magnitude of change in the Tmin was reported to be highest and positive at 0.055 °C/year in the hot–warm arid and lowest at 0.019 °C/year. The trend in Tmax shows significant increase in all AEZs (p < 0.05). In relative terms, the magnitude of change was reported to be highest at 0.091 °C/year for the hot–warm semiarid and lowest at 0.054 °C/year for the hot–warm arid.



In general, annual trends in TRF observed in this agroecology are in line with previous studies conducted in different parts of Ethiopia. Worku et al. [52] reported a decrease of total rainfall in Alemketema and Mehalmeda stations in the Jema subbasin of the Blue Nile. Nasir et al. [60], in their study in the northwestern escarpment of Ethiopia, show a significant increase in Tmax and Tmin over the studied livelihood zone. Similar findings were reported by Shawul and Chakma [61] over Upper Awash. The change in mean maximum and minimum temperature is of concern, due to ripple effects on agriculture in general and crop productivity in particular [62]. Although the yield response to temperature varies among crop varieties, a significant increasing trend in mean minimum and maximum temperature can negatively affect crops through increasing evapotranspiration. This affects the cellular process related to crop growth, development, and lower crop yield [63].




3.2. Observed Annual Trend in Extreme Temperature


3.2.1. Coldest Night and Warmest Night


Table 2 shows the temporal trends of temperature extremes across agroecologies. The MK test revealed a significant decrease in TNn in hot–warm moist, tepid–cool sub-moist, and hot–warm semiarid AEZ. This indicated that TNn is likely to increase at a higher rate than the maximum temperature in many AEZs. The highest and negative −0.0730 °C/year (p < 0.001) trend in TNn was reported in the hot–warm moist. Except for hot–warm semiarid, the significantly increasing trend (p < 0.001) for TNx was observed in other AEZs. The magnitude of change was reported to be highest at 0.075 °C/year for the cold–very cold humid (Table 2). The highest positive value of TNx was observed in 1988, 1993, 1998, and 1993 (Figure 3g–j) for cold–very cold humid, tepid–cool humid, hot–warm moist, and hot–warm arid, respectively. However, tepid–cool sub-moist and hot–warm semiarid AEZ experienced the highest negative anomalies in 1988 and 1991, respectively (Figure 3i,k). Negative anomalies were commonly observed in the 1990s and 2000s for tepid–cool sub-moist and hot–warm semiarid (Figure 3e,f). The results suggest contrasting with recent studies conducted in different parts of the world [18,64,65], which showed an increasing trend in TNn. However, the same studies [18,65] reported a significant increase in TNx. The difference between results could result from differences in the extent of periods and area-conceptualization-based studies (i.e., agroecology vs. watershed). Furthermore, the significant increasing trends in TNx on most agroecologies are the clear indicator of a warming pattern in the subbasin, which could reduce agricultural production [66].




3.2.2. Cool Days and Cool Nights


Results of the frequency of TN10p, show a significant decrease in the cold–very cold humid, tepid–cool humid, hot–warm moist, and hot–warm arid agroecology zones. However, a significant (p < 0.001) positive trend was observed at tepid–cool sub-moist and hot–warm semiarid (Table 2). Berhane et al. [67] reported a statistically significant decreasing trend in studied stations in semiarid areas of Western Tigray between 1983 and 2016. Similarly, Gebrechorkos et al. [19] found a significant decreasing trend in TX10p and TN10p over Ethiopia, Kenya, and Tanzania from 1981 to 2016. On the other hand, except for tepid–cool humid, a significant (p < 0.001) decreasing trend in the frequency of TX10p was observed in the study area (Table 2). The magnitude of change in TX10p was reported to be highest and positive 0.050 °C/year in the tepid–cool humid (p < 0.001). The magnitude of change on the TN10p was reported to be highest and positive at 0.057 °C/year in the hot–warm semiarid agroecology zone (p < 0.001) (Table 2). A recent study conducted in different parts of the country [42,65,68] agrees with our study. Furthermore, [24] predicted a decrease in the frequency of TN10p by considering different climate change scenarios, a similar case to what has been projected globally [1].



The TN10p anomalies show a reduction in negative anomalies since the beginning of the 2000s in the cold–very cold humid, tepid–cool humid, and hot–warm moist agroecologies (Figure 4a–c). On the contrary, significant and positive anomalies are seen for tepid–cool sub-moist and hot–warm semiarid in the 2000s and 2010s, respectively (Figure 4e,f). Regarding the frequency of TX10p anomalies, the negative anomalies have been consistently declining since the beginning of the 2000s for all agroecologies except hot–warm moist (Figure 4h).




3.2.3. Warm Days and Warm Nights


The increasing trends in the frequency of TX90p were observed at 3 of the 6 AEZs (p < 0.001) (Table 2). Significant positive trends are evident at all stations. Cold–very cold humid, hot–warm moist, and hot–warm arid showed decreasing and significant trends in TX90p. Unlike the case in TX90p, all AEZs show increasing trends in the frequency of TN90p. The magnitude of change on TX90p was reported to be highest and positive at 0.075 °C/year in warm–warm arid (p < 0.001) and lowest (0.040 °C/year) in humid–warm (Table 2). Similarly, the magnitude of change in TN90p for the cold–very cold humid was highest (0.080 °C/year) and lowest (0.049 °C/year) at (p < 0.001). The results are consistent with the observed change in other parts of Ethiopia and elsewhere. Esayas et al. [65] reported a significant increasing trend in the frequency of warm days and warm nights in lowland and highland agroecologies of Southern Ethiopia. An increase in the trends of the numbers of warm days and warm nights during the period 1971–2000 in the Lake Victoria region was reported [69]. Considering the seasonality of crop production, a global study [70] reported that an increase in trends of TX90p and TN90p are usually associated with a decrease in crop yields. This points out the impact of increasing warm days and nights trends on crop production and productivity across agroecologies.



In most agroecology zones, the annual number of warm days and nights are increasing, suggesting that significant increase in warming. When we compare the TN90p and TX90p anomalies, the TN90p peaked in 2014, 2004, 2004, and 2006 for the cold–very cold humid, tepid–cool humid, hot–warm moist, and hot to hot–warm arid, respectively (Figure 5a–d). Overall, warming anomalies are consistently increasing in all AEZs after 2008.




3.2.4. Warmest Day and Coldest Day


Concerning the TXx, significant increasing trends were observed in all agroecologies, except in hot–warm moist, where the trend is insignificant and decreasing (Table 2). The trend in TXx is highest for tepid–cool sub-moist, with the magnitude of change being 0.089 °C/year (p < 0.001). At the same time, the lowest magnitude of change was observed in hot–warm moist to be −0.008 °C/year. The TXn is substantially increasing in all agroecological zones, with the highest magnitude (0.081 °C/year) for tepid–cool sub-moist and hot–warm semiarid. The lowest (0.024 °C/year) change is observed for hot–warm moist. The annual TXn and TXx annual show significant warming anomalies for 1983–2016 in most agroecological zones (Figure 6a–l).



The findings corroborate previous studies over different parts of Ethiopia and elsewhere in the world. For example, Shawul and Chakma [61], in their study over the Upper Awash Basin reported a decreasing trend in TXn. However, Tadese et al. [28] testified an insignificant trend in TXn in all the sampled stations in the country. Chen et al. [71] studied variations in extreme temperature in China and found a significant increasing trend from 1966 to 2015. The increase in TXx across the agroecology zone is another indicator of changing climate in the subbasin. An upward trend in TXx in the main cropping season could reduce agricultural yields [72].




3.2.5. Diurnal Temperature Range and Number of Summer Days


Diurnal temperature range (DTR) trends are significantly increasing in the tepid–cool humid, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid zones (Table 2), indicating that the daily maximum and minimum temperatures are significantly changing. Only hot–warm moist stations showed an insignificant decreasing trend in DTR, meaning that daily maximum and minimum temperatures are not changing in opposite directions at many of the stations studied. Compared with other agroecologies, the tepid–cool humid and cold–very cold humid recorded the highest (0.120 °C/year) and lowest (0.013 °C/year) magnitude change of DTR, respectively. Esayas et al. [65] reported an insignificant decreasing trend (−0.015 °C/year) in the DTR of the midland AEZ of Southern Ethiopia. Regarding trends in the number of SU, all AEZ in the study shows a significant increase (Table 2). This indicates that the number of days by which the daily temperature is above 25 °C is significantly increasing. Compared with other agroecologies, the highest and lowest magnitude change of SU was 0.22 °C/year and 0.034 °C/year (p < 0.001) in the tepid–cool humid and hot–warm arid AEZs, respectively (Table 2). The annual number of DTR and SU shows a significant change from 1983 to 2016 in most agroecology zones (Figure 7a–l).




3.2.6. Cold Spell Duration Indicator and Warm Spell Duration Indicator


The CSDI and WSDI are annual counts of at least six consecutive days with Tmin greater than the historical 90th percentile value and Tmax less than the historical 10th percentile value. Five of the six agroecology zones showed significant increasing trends in the WSDI. On the other hand, hot–warm moist shows no trend (Table 2). The highest and lowest magnitude change of WSDI was 0.200 °C/year and 0.020 °C/year (p < 0.001) in the tepid–cool humid and hot–warm semiarid, respectively. Regarding the CSDI, a significant increasing trend was observed in tepid–cool sub-moist. In contrast, significant decreasing trends were observed in tepid–cool humid and hot–warm moist (Table 2), indicating a decrease in the number of consecutive cool days at the stations. The highest magnitude of CSDI was detected in tepid–cool sub-moist (0.027 °C/year). A highest negative trend at −0.031 °C/year (p < 0.001) was recorded at hot–warm moist. When we compare the WSDI and CSDI anomalies, the WSDI reaches its peak in 2016, 2002, 2013, 2016, and 2013 for cold–very cold humid, tepid–cool humid, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid, respectively (Figure 8g–l).



The CSDI peaked in 1987, 1984, 1987, 2005, 2012, and 2012 for cold–very cold humid, tepid–cool humid, hot–warm moist, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid, respectively (Figure 8g–l). The development and yield of crops depend on factors like temperature, precipitation, soil moisture and fertility, crop pest and diseases, and other crop-management practices. Hence, increase in trends of warm and cold temperature extreme events, coupled with a lack of preparedness for increasing trends, affects agricultural productivity and the farmers whose livelihood depends on it.





3.3. Observed Changes in Precipitation Extremes


3.3.1. Consecutive Wet Days, Consecutive Dry Days, and Simple Daily Intensity Index


The annual spatiotemporal trends of extreme precipitation indices across the studied agroecologies are presented in Table 2. The maximum number of CWD (≥1 mm) did not show a significant trend in most studied AEZs. Except for cold–very cold humid, all regions of AEZ show an insignificant increasing trend. Though the AEZ are found in different basin locations, the CWD trend result was negligible. Previous research [28] made the same observation, where different eco-environments did not show significant trends in most studied areas. In contrast, a study by Mohammed et al. [73] in the northern highlands of Ethiopia shows a significant and increasing trend in Ambamariam, Mekaneselam, and Dessie stations. Unlike CWD, the maximum number of consecutive days when precipitation <1 mm (CDD) shows a significant increasing trend in tepid–cool humid, hot–warm moist, and tepid–cool sub-moist, and an insignificant increasing trend in the cold–very cold humid, hot–warm arid, and hot–warm semiarid. The increasing trend in CDD is an indicator of increasing dryness across agroecological zones. When the trend in CDD is high during the cropping season, it causes adverse consequences on rainfed agriculture. Compared with other agroecologies, the highest significant change of 0.032 °C/year (p < 0.05) magnitude for CWD was recorded in the cold–very cold humid AEZ. The insignificant and lowest trend in the CWD was observed in tepid–cool humid and hot–warm arid AEZ (Table 2). The result presented in tepid–cool humid, hot–warm moist, and tepid–cool sub-moist agroecology is consistent with [67], who found a significant increase in CWD in Dedebit, Maygaba, Maytsebri, and Sheraro of Western Tigray.



The highest CWD in cold–very cold humid, tepid–cool humid, hot–warm moist, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid was observed in 2016, 2010, 1998, 1992, 1993, and 1993, respectively (Figure 9g–l). On the contrary, the highest CDD was observed in 1997, 2012, 2016, 2013, 2000, and 2012 in the cold–very cold humid, tepid–cool humid, hot–warm moist, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid, respectively (Figure 9a–f). The SDII did not show a significant trend in all the zones. All AEZs, except for the hot–warm arid, showed an insignificant negative trend (Table 2). The highest SDII was recorded in 1984, 1985, 1985, 1998, 1985, and 2016 for cold–very cold humid, tepid–cool humid, hot–warm moist, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid, respectively (Figure 9m–r). In contrast to this, Muluneh et al. [74] reported a significant increase in SDII in the majority of studied stations in the central rift valley of Ethiopia. The insignificant negative trend implies that the trends of daily precipitation have been declining in the majority of observed agroecologies.




3.3.2. Number of Heavy and Very Heavy Precipitation Days


Trends in R10mm show variation across studied agroecology. Significant decreasing trends were observed for hot–warm moist and tepid–cool sub-moist with decreasing magnitude of −0.049 days/year (p < 0.01) and −0.032 mm (p < 0.05), respectively (Table 2). On the other hand, cold–very cold humid, tepid–cool humid, hot–warm arid, and hot–warm semiarid show an insignificant trend. The highest R10mm was recorded in 1984, 1985, 1985, 1998, 1985, and 2002 for cold–very cold humid, tepid–cool humid, hot–warm moist, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid, respectively (Figure 10a–f). An increasing insignificant, trend of R10mm was observed in hot–warm arid and hot–warm semiarid, while negative trends in R10mm were observed among the remaining agroecologies (Table 2).



Similarly, trends in R20mm show variation across the studied agroecology. Significant decreasing trends were observed with decreasing magnitude of −0.120 mm (p < 0.001) in tepid–cool humid agroecology (Table 2). The remaining AEZs show an insignificant trend. The highest R20mm was recorded in 1986, 1985, 2004, 1985, and 1999 for cold–very cold humid, tepid–cool humid, hot–warm arid, tepid–cool sub-moist, and hot–warm semiarid, respectively (Figure 10g–l). An increasing, but insignificant trend of R20mm was observed in hot–warm arid, while divergent trends in R20mm were observed among other agroecologies (Table 2). A decreasing trend in the number of heavy and very heavy precipitation suggests potential risks related to drought in most agroecologies. The results are consistent with the findings of Muluneh et al. [74], who found decreasing trend in Addis Ababa, Combolcha, and Jimma stations. The decreasing trend in R10mm and R20mm infer an increase in dry days and a decrease in the magnitude of precipitation.




3.3.3. Maximum Precipitations of One Day and Five Days


For the RX1day and RX5day indices, there is a sign of change across agroecologies between 1983 and 2016. Among the studied agroecology, only hot–warm arid had positive and significant trends (0.005 mm/year). In contrast, others had insignificant negative trends in annual maximum consecutive 1-day precipitation (Rx1day) (Table 2). The trends in Rx5day show a negative and significant trend for cold–very cold humid, while tepid–cool humid, hot–warm moist, and tepid–cool sub-moist were negative and insignificant. Hot–warm arid and hot–warm semiarid show an insignificant positive trend in Rx5day (Table 2). The spatial change in Rx1day and Rx5day precipitation indices values generally revealed variations across agroecologies. Compared with other agroecologies, the highest significant magnitude change of Rx5day was recorded at −0.026 mm/year (p < 0.05) in the cold–very cold humid AEZ (Table 2). The higher value and negative trend in Rx1day and Rx5day across the studied AEZ indicate dry years (Figure 11a–l). Comparing cold–very cold AEZ study’s result with [51], who studied extreme climate events in Jema Subbasin and Upper Blue Nile Basin, we find a significant decreasing trend in Alemketema Station.




3.3.4. Very Wet Days and Extremely Wet Days


Table 2 shows the computed annual totals of wet-day precipitation amounts that exceed the 95th and 99th percentiles in 1983–2016. There were insignificant trends in R95p in the studied agroecology, except for hot–warm moist and tepid–cool sub-moist, where a significant decreasing trend was observed. Despite the lack of statistical significance, the trends in R95p were positive in hot–warm arid (0.014 mm/year) (Table 2). Similarly, the trends in R99p were not significant in all agroecologies (Table 2).



Furthermore, the frequency of R95p anomalies, the negative anomalies are consistently declining since the beginning of the 1985s in the cold–very cold humid, tepid–cool humid and hot–warm moist and tepid–cool sub-moist agroecologies (Figure 12a–c,e). On the contrary, positive anomalies are noted for hot–warm arid (Figure 12g). Regarding the frequency of R99p, the anomalies are consistently declining for all agroecologies (Figure 12g–i,k). This result inferred insignificant variation in the distribution of wet and extreme wet days across the agroecology understudy over the study periods. Previous research [75] in Adama city and [41] in Debre Zeyit and Kulumsa station of the central highland of Ethiopia also show insignificant trends.




3.3.5. Annual Total Precipitation on Wet Days


Table 2 shows the PRCPTOT (>1 mm/day), which greatly varies across agroecologies. Results show that only tepid–cool humid and hot–warm moist had negative and significant trends, while cold–very cold humid and tepid–cool sub-moist had negative and insignificant trends in PRCPTOT (Figure 13). Hot–warm arid and hot–warm semiarid had insignificant positive trends. Compared with other agroecologies, the highest significant magnitude change of PRCPTOT was recorded at −0.040 mm/year (p < 0.001) in the cold–very cold humid (Table 2). The results reveal a mixture of dry and wet trends in the long-term context of the annual PRCPTOT in the studied agroecology. Our results in the cold–very cold humid and tepid–hot moist agroecologies are consistent with [64], who noted a significant and decreasing trend over the Horn of Africa.



Generally, the significant change in extreme rainfall indices across studied agroecologies can be explained by natural variability and or a high response to global increased greenhouse gas emissions [76,77,78]. Thedecrease in rainfall and extreme events in some agroecologies impacts farmers’ livelihoods. Elsewhere, increased frequencies of extreme rainfall events such as long dry or wet spells result in weaker productive systems [70,78].





3.4. Drought Indices


For the SPEI 12, there is a sign of change across agroecologies between the years 1983 and 2016. The study revealed that all study agroecology experienced negative and significant trends (Figure 14a–e). A significant and negative annual SPEI trend indicates an increase in drought across agroecology. Compared with other agroecologies, the biggest significant magnitude changes of SPEI-12 were recorded at −0.088 °C/year (p < 0.001) in the tepid–cool sub-moist agroecology (Table 2). The frequency of annual wet, normal, and dry events across agroecologies for the period 1983–2016 are described in Table S2 (Supplementary Materials). The most extreme annual wet event was observed in tepid–cool sub-moist agroecology. The stronger value for normal events was observed in the hot–warm semiarid agroecology. The most frequent extreme annual dry event were observed in hot–warm moist, hot–warm arid, and tepid–cool sub-moist agroecologies (Table S2). The results from the SPEI-12 in this study area agree with recent studies conducted in the Awash basin [27]. The increase in drought frequency across agroecologies can be related to an increase in mean extreme temperature indices and decrease in mean and extreme precipitation indices across the studied agroecologies. The increasing frequency of drought events across agroecology can affect agricultural production by limiting soil water availability for different crops and reducing crop yields [79].




3.5. Farmers’ Perception and Agricultural Implications of Climate Extremes


Farmers from different agroecology zones perceived climate change, variability, and extreme events over the last two decades. Most interviewed key informants, focus group discussants, and surveyed sample farmers in different agroecology (89.3%) perceived changes in climate (Table S3). Focus group discussants indicated that the main source of information for climate change came from personal experience, radio broadcasts, and training given at different times by development agents. Furthermore, they elaborated on the changes in climate through changes in rainfall patterns, amount, and length of the rainy and dry seasons. One focus group discussant from a hot–warm semiarid AEZ stated the change and its impacts brought in his village, as follows:




“Climate in our area is changing. Compared to our youth time, the rain does not come on time…., sometimes we experienced unexpected rainfall. The late rain during the main season is harming our agriculture”.





This illustrates the climate change, variability, and extreme events in the study area. The study also revealed a change in the pattern of precipitation across agroecologies. Table S3 shows descriptive statistics results between farmers’ perceptions and some selected climate indices. The majority of respondents, from cold–very cold humid, tepid–cool humid, hot–warm moist, and hot–warm arid AEZs, perceived an increase in temperature in their area. Compared with the farmers’ perception, the Mann–Kendall trend analysis of temperature (Tmax and Tmin) result shows a significant increase in all agroecology except for hot–warm semiarid, where temperature decreases (Table 2 and Figure 3). The results agree with research conducted in different parts of the country and in other parts of the world, where researchers have reported an increase in temperature [80,81,82] and its convergence with climate data. The majority of farmers across agroecologies believed that the annual rainfall had decreased. This is highly consistent with meteorological data. The total rainfall (TRF) trend analysis shows a significant decrease in all agroecology except hot–warm semiarid (Table 2, and Figure 3). The consistency between farmers’ perceptions and meteorological data can facilitate farm adaptation.



A key informant interview conducted with woreda agricultural office heads in the study area showed that all informants know about changing rainfall, temperature, and extreme climate events. Key informants from Lode Hitosa woreda stated the following:




“Recently, we are observing changes and variation in climatic elements, which we believe as one of the contributors to the reduction of crop yields”. The key informant further elaborated on the situation as “the variability in rainfall and temperature is affecting crop productivity by introducing crop pests and disease”.





A key informant from the Merti Woreda Agriculture office stated the following:




“It is observable that there is climate change and variability in our woreda. Because of woredas’ agroecological location, where almost half of the area is located in lowland, frequent drought experience, crop pest and disease, the animal disease is the main indicator of climate change in the woreda”.





Table S3 shows farmers’ perceptions of the number of warm days and cold nights. The study revealed that farmers from different agroecologies perceived an increase in warm days (76.6%) and cold nights (63.3%). However, the result was wide-ranging between agroecologies (Table S3). All the respondents from the hot–warm semiarid agroecology and 82.9% from the hot–warm semiarid agroecology perceived a change in the number of warm days. The result agrees with the findings of Mihiretu et al. [80], where farmers perceive several warm days. However, there is a divergence between farmers’ perceptions and meteorological data on several cold nights. Farmers from hot–warm moist and hot–warm semiarid agroecology zones perceived an increase and decrease in the number of cold nights, respectively. This deviates from the meteorological data. Hot–warm moist and hot–warm semiarid agroecologies indicated a reduction and an increase in the number of cold nights, respectively (Table 2). Considering the context of convergence and divergence between meteorological data and farmers’ perceptions, it can be assumed that determinants influence farmers’ perception of climate change and extreme events [26,80].



The descriptive statistics show that about 68.3% of farmers in the entire agroecology perceived an increase in drought frequency in their area. However, there is variation across agroecologies, where 75.9%, 65.6%, 62.4%, 60.7%, 61%, and 54.2% of farmers from tepid–cool sub-moist, hot–warm semiarid, tepid–cool humid, cold–very cold humid, hot–warm arid, and hot–warm moist perceived an increase in drought years, respectively (Table S3).



A focus group discussant from tepid–cool humid stated the occurrence of frequent drought in his village, as follows:




“In previous years, our area is known with better rainfall, even several times of summer season; rainfall did not allow us to out from our tukul. But, in recent years, the rain is significantly decreasing, and rainfall amount we used to see in the arid area is coming to us”.





The SPEI-12 and SPI-12 computed from all meteorological data show an increase in drought frequency in the last three decades (Table S3). Similarities between meteorological data (increase in drought frequency) and farmers’ perceptions can be due to farmers’ experiences with consequences during drought years [81,82,83,84].



Regarding the perceived impacts of climate change, variability, and extreme events, farm households perceived effects, including food and other product inflation (91.4%), a decrease in crop productivity (84.6), an increase in crop pests and diseases (83.8), increase in livestock disease (77.3), emergence of new pests and weeds (73.4), shortage of water for irrigation (59.1), and initiating conflict over decreasing resources (38.8) (Figure 15). Similarly, a key informant interview with the Woreda Agricultural Office and Development Agents (DA) shows visible effects of climate change, variability, and extreme events. The development agent from Gado Arba kebele stated the impacts, as follows:




“There are multiple effects of climate change, among others, reduction in agricultural production, introduction and expansion of crop pests like armyworm, cutworms, yellow rust, aphids and smut, livestock diseases like Blackleg, anthrax, lumpy skin disease, human disease like malaria, frequent occurrences of drought years, and scarcity of water for irrigation are visible effects of climate change in the kebele.”





This generally shows that climate change and extreme events are evident in all agroecology studied. Studies conducted in different parts of the country [85] and other parts of the world [86,87,88] recognized perceived and actual impacts of climate change and extreme events on agricultural production.





4. Conclusions


The need for information on local temperature and precipitation extremes has increased due to its wide range of livelihood impacts. The studied major agroecological zones are experiencing climate change and extreme events which are either the same across all or vary between them. Overall, increasing maximum and minimum temperature and decreasing total rainfall in the agroecologies under study are indicators of climate change.



In general, warm extreme temperature indicators such as TXx, TNx, TN90p, TX90p, and WSDI showed a significant increasing trend. However, indicators such as WSDI, TX90p, and TXx showed an insignificant decreasing trend in hot–warm moist agroecology zones. Cold extreme temperature indicators TNn, TN10p, TX10p, and CSDI exhibited a significant decreasing trend in most agroecology zones. However, TXn and TX10p showed a significant increasing trend in tepid–cool humid climates. Overall, the magnitude and direction of change differed across the studied agroecologies, the growing trend of warm extreme temperature events in the cold–very cold humid, tepid–cool humid, and tepid–cool sub-moist agroecologies possibly affects agricultural production and productivity.



Extreme precipitation indicators such as RX1day, RX5day, R10mm, R95p, R99p, and PRCPTOT showed a decreasing trend in most agroecology zones. However, extreme precipitation indices indicated an insignificant increasing trend in the hot–warm arid agroecology zones. The increasing trend of extreme precipitation events in hot–warm semiarid and hot–warm arid agroecologies can be taken as an advantage for the community whose livelihood depends on rainfed agriculture. It can boost crop and vegetation productivity in the study of agroecology. Nevertheless, the decreasing trend of extreme precipitation events in the cold–very cold humid, tepid–cool humid, and tepid–cool sub-moist agroecologies possibly indicate the increase in the number of consecutive dry days (CDD), which is an indicator of drought occurrences in the majority of agroecologies, which they had never experienced in prior years. In addition, this study compared agroecology-based farmers’ perceptions on trends of climate change and some selected extreme indicators. This study revealed similarities in farmers’ perceptions with meteorological data results.



In conclusion, the spatiotemporal differences in extreme temperature and precipitation indices in the Awash-Awash subbasin indicate varying possible implications for agriculture and crop productivity. The upward trend in extreme warm temperatures and decreasing trend in extreme cold indicators have influence crops’ physiological processes and crop productivity. Similarly, the shift in trends of extreme precipitation can disrupt agricultural productivity and possibly affect farmers whose livelihood mainly depends on rainfed agriculture. The results of this agroecology-specific study provide crucial information to policy developers, decision makers, and farmers about the possible impacts of climate change and extreme events that lead to developing agroecology-based adaption measures. As the effects of change in mean and extreme climates on agriculture are complex, research is required to investigate the impacts of seasonal variations of extreme climate events on crop and livestock resources. Furthermore, agroecology-based vulnerability assessment of extreme climate events in the sub-basin can provide an opportunity to minimize the high costs of crisis management, thereby increasing the adaptive capacity of farmers to effects of climate variability and change.
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Figure 1. Map of the study area. 
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Figure 2. Trends of TRF (a), Tmin (b), and Tmax (c) of the study area. Red dots indicate 95% confidence level; green dots indicate not significant at 95% confidence level. 
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Figure 3. Coldest night (TNn) (a–f) and warmest night (TNx) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 4. Cool nights (TN10p) (a–f) and cool days (TX10p) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 5. Warm nights (TN90p) (a–f) and warm days (TX90p) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 6. The coldest day (TXn) (a–f) and warmest day (TXx) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 7. Number of summer days (SU) (a–f) and Diurnal temperature range (DTR) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 8. Cold spell duration indicator (CSDI) (a–f) and Warm spell duration indicator (WSDI) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 9. Consecutive dry days (CDD) (a–f), Consecutive wet days (CWD) (g–l), and simple daily intensity index (SDII) (m–r) over agroecological zones for the period 1983–2016. 
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Figure 10. Number of heavy (R10mm) (a–f) and very heavy (R20mm) (g–l) precipitation days over agroecological zones for the period 1983–2016. 
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Figure 11. Maximum precipitations of 1 day (Rx1DAY) (a–f) and 5 days (Rx5DAY) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 12. Very wet days (R95p) (a–f) and extremely wet days (R99p) (g–l) over agroecological zones for the period 1983–2016. 
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Figure 13. Annual total wet-day PRCPTOT (>1 mm/day) over agroecological zones for the period 1983–2016. 
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Figure 14. Annual trends of SPEI (a–f) over agroecological zones for the period 1983–2016. 
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Figure 15. Perceived impacts of climate change, variability, and extreme events (%). 
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Table 1. Annual trends of TRF, Tmin and Tmax across agroecologies (1983−2016).
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	Variables
	TRF_tau

(Sen’s Slope)
	Tmin_tau

(Sen’s Slope)
	Tmax_tau

(Sen’s Slope)





	Cold–very cold humid [AEZ_1]
	−0.371 (−10.26) *
	0.308 (0.019) *
	0.480 (0.049) *



	Tepid–cool humid [AEZ_2]
	−0.242 (−6.75) *
	0.373 (0.023) *
	0.447 (0.062) *



	Hot–warm moist [AEZ_3]
	−0.237 (−3.94) *
	0.312 (0.028) *
	0.661 (0.056) *



	Hot–warm arid [AEZ_4]
	−0.264 (−3.83) *
	0.515 (0.055) *
	0.501 (0.054) *



	Tepid–cool sub-moist [AEZ_5]
	−0.169 (−5.96) ns
	0.465 (0.034) *
	0.619 (0.061) *



	Hot–warm semiarid [AEZ_6]
	0.112 (2.16) ns
	−0.119 (−0.014) ns
	0.640 (0.091) *







* = p <0.05; ns = insignificant.
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Table 2. Trends of ET_SCI extreme indices.
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Code

	
Cold–Very Cold Humid [AEZ_1]

	
Tepid–Cool Humid [AEZ_2]

	
Hot–Warm Moist [AEZ_3]

	
Hot–Warm Arid [AEZ_4]

	
Tepid–Cool Sub-Moist [AEZ_5]

	
Hot–Warm Semiarid [AEZ_6]




	
(MK) Sens Slope

	
(MK) Sens Slope

	
(MK) Sens Slope

	
(MK) Sens Slope

	
(MK) Sens Slope

	
(MK) Sens Slope






	
Temperature Indices




	
TXx

	
(0.419) 0.056 ***

	
(0.400) 0.040 ***

	
(−0.073) −0.008 ns

	
(0.615) 0.082 ***

	
(0.699) 0.089 ***

	
(0.480) 0.073 ***




	
TNx

	
(0.606) 0.075 ***

	
(0.470) 0.060 ***

	
(0.455) 0.056 ***

	
(0.385) 0.049 ***

	
(−0.636) −0.080 ***

	
(−0.228) −0.033 ns




	
TXn

	
(0.308) 0.047 **

	
(0.330) 0.030 ***

	
(0.196) 0.024 ns

	
(0.435) 0.066 ***

	
(0.631) 0.081 ***

	
(0.586) 0.081 ***




	
TNn

	
(0.005) 0.000 ns

	
(−0.130) −0.010 ns

	
(−0.240) −0.030 *

	
(−0.025) −0.004 ns

	
(−0.583) −0.080 ***

	
(−0.430) −0.061 ***




	
TN10p

	
(−0.456) −0.035 ***

	
(−0.470) −0.070 ***

	
(−0.291) −0.041 **

	
(−0.082) −0.008 ns

	
(0.724) 0.050 ***

	
(0.544) 0.057 ***




	
TX10p

	
(−0.549) −0.070 ***

	
(0.500) 0.050 ***

	
(−0.438) −0.069 ***

	
(−0.622) −0.033 ***

	
(−0.709) −0.057 ***

	
(−0.599) −0.077 ***




	
TN90p

	
(0.722) 0.080 ***

	
(−0.490) −0.020 ***

	
(0.472) 0.049 ***

	
(0.405) 0.053 ***

	
(−0.699) −0.048 ***

	
(−0.380) −0.040 **




	
TX90P

	
(0.472) 0.056 ***

	
(0.390) 0.040 ***

	
(0.184) 0.028 ns

	
(0.768) 0.075 ***

	
(0.713) 0.054 ***

	
(0.528) 0.065 ***




	
WSDI

	
(0.430) 0.024 ***

	
(0.050) 0.200 ***

	
(0.041) 0.000 ns

	
(0.583) 0.041 ***

	
(0.545) 0.026 ***

	
(0.346) 0.020 **




	
DTR

	
(0.111) 0.013 ns

	
(0.320) 0.120 **

	
(−0.071) −0.015 ns

	
(0.620) 0.082 ***

	
(0.879) 0.098 ***

	
(0.772) 0.094 ***




	
CSDI

	
(−0.159) 0.000 *

	
(−0.260) −0.040 *

	
(−0.283) −0.031 *

	
(0.116) 0.000 ns

	
(0.430) 0.027 ***

	
(0.340) 0.000 **




	
SU

	
(0.481) 0.073 ***

	
(0.050) 0.220 ***

	
(0.364) 0.055 *

	
(0.513) 0.034 ***

	
(0.720) 0.090 ***

	
(0.620) 0.069 ***




	
Rainfall Indices




	
RX1day

	
(−0.194) −0.036 ns

	
(−0.090) −0.010 ns

	
(−0.127) −0.013 ns

	
(0.025) 0.005 ns

	
(−0.121) −0.018 ns

	
(−0.077) −0.010 ns




	
RX5day

	
(−0.239) −0.026 *

	
(−0.120) −0.010 ns

	
(−0.123) −0.022 ns

	
(0.139) 0.027 ns

	
(−0.082) −0.011 ns

	
(0.011) 0.001 ns




	
R10mm

	
(−0.210) −0.025 ns

	
(−0.048) −0.006 ns

	
(−0.385) −0.049 **

	
(0.189) 0.034 ns

	
(−0.282) −0.032 *

	
(0.094) 0.011 ns




	
R20mm

	
(−0.257) 0.000 *

	
(−0.300) −0.120 ***

	
(−0.184) −0.023 ns

	
(0.121) 0.015 ns

	
(−0.087) 0.000 ns

	
(−0.002) 0.000 ns




	
CDD

	
(0.175) 0.021 ns

	
(0.320) 0.040 **

	
(0.378) 0.042 **

	
(0.135) 0.019 ns

	
(0.258) 0.035 *

	
(0.077) 0.012 ns




	
CWD

	
(0.258) 0.032 *

	
(−0.060) 0.000 ns

	
(0.135) 0.016 ns

	
(0.068) 0.000 ns

	
(0.207) 0.022 ns

	
(0.053) 0.006 ns




	
R95p

	
(−0.155) −0.010 ns

	
(−0.170) −0.020 ns

	
(−0.332) −0.037 **

	
(0.098) 0.014 ns

	
(−0.232) −0.020 *

	
(0.011) 0.000 ns




	
R99p

	
(−0.235) 0.000 **

	
(−0.180) 0.000 ns

	
(−0.080) 0.000 ns

	
(0.027) 0.000 ns

	
(−0.134) 0.000 ns

	
(0.045) 0.000 ns




	
SDII

	
(−0.159) −0.014 ns

	
(−0.220) −0.030 ns

	
(−0.178) −0.021 ns

	
(0.134) 0.024 ns

	
(−0.171) −0.023 ns

	
(−0.053) −0.006 ns




	
PRCPTOT

	
(−0.201) −0.025 ns

	
(−0.360) −0.040 ***

	
(−0.237) −0.029 *

	
(0.141) 0.021 ns

	
(−0.225) −0.036 ns

	
(0.023) 0.004 ns




	
Drought Index




	
SPEI 12

	
(−0.330) −0.052 **

	
(−0.410) −0.050 ***

	
(−0.275) −0.040 *

	
(−0.390) −0.058 **

	
(−0.695) −0.088 ***

	
(−0.497) −0.068 ***








* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001; ns = insignificant.
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