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Abstract

:

This study aims to provide improved knowledge and evidence on current (1986–2015) climate variation based on six rainfall indices over five West African countries (Senegal, Niger, Burkina Faso, Ivory Coast, and Benin) using the Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) dataset. On average, precipitation has increased over the central Sahel and the western Sahel. This increase is associated with increase in the number of rainy days, longer wet spells and shorter dry spells. Over the Guinea Coast, the slight increase in precipitation is associated with an increase in the intensity of rainfall with a shorter duration of wet spells. However, these mean changes in precipitation are not all statistically significant and uniform within a country. While previous studies are focused on regional and sub-regional scales, this study contributes to deliver a climate information at a country level that is more relevant for decision making and for policy makers, and to document climate-related risks within a country to feed impact studies in key sectors of the development, such as agriculture and water resources.
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1. Introduction


Since the 1990s, the frequency of hydro-climatic hazards (floods, drought, coastal erosion, storms, and strong winds) has increased in West Africa [1,2]. In the recent decades, an exponential increase in the number of floods following heavy rains has been observed over the entire region [1,2,3], as the number of such events increased from an average of less than two per year before the 1990s to more than eight or 12 per year during the 2000s. Moreover, along the coastline of the Gulf of Guinea (mainly from Dakar to Cotonou via Abidjan, Accra, and Lomé), one of the three most vulnerable coastal zones in the world [4], some districts are flooded almost every year, with a recent increase in frequency [5].



The occurrence of these extreme events are usually associated with strong rainfall [6] and may be due to a change in the stationarity of precipitation at the local or large scale. In turn, such change could result from internal variability and/or anthropogenic component of the global warming that overcomes the natural variability. According to the Intergovernmental Panel on Climate Change (IPCC) fifth assessment report [7], a further increase in the risks of extreme weather events (heavy rains, extreme temperatures, heat waves) is likely worldwide throughout the 21st century, as a result of climate change. Hence, even though [8] shows that natural disasters have always existed and are a common and recurring phenomenon in the history of mankind, these disasters will likely become more intense and more frequent in the world in the current context of climate change [9]. Moreover, West Africa is considered as one of the most vulnerable regions to climate change and is affected by changes in extreme events [7,10,11,12].



The changes in precipitation extremes have been investigated in many regions of the world [9,11]. However, in the West African region only a few studies, mostly available as part of global studies [12,13] or at very localized levels [10,14,15], have assessed trends in extreme rainfall. Among the reasons that could explain this deficit, the limited access to data seems to be one of the most important. Moreover, there are difficulties related to the evidence of the changes in the climatology of extreme rainfall across West Africa where heavy rainfall is highly variable both in space and time [11]. Furthermore, the general requirement allowing for the collection of a sufficiently large number of long-term rainfall time series, for detecting meaningful changes over the past decade, is especially difficult to meet in West Africa. This is mainly due to the fact that several difficulties emerge in accessing daily meteorological data [15]. These difficulties related to meteorological data may range from “a limited capacity of meteorological services in getting observational datasets, and human and informatic resources” as mentioned in [16]. There is also a lack of continuous long series of data associated with deficiencies in the maintenance of infrastructures.



In West Africa, recent studies have shown that the Sahelian countries that are susceptible to droughts have experienced the most severe floods in recent years (e.g., 2007, 2008 and 2009), with losses estimated at several billions of dollars and hundreds of thousands of people displaced [17]. For example, during the 2009 flood event in Ouagadougou (Burkina Faso), a rainfall amount of 161 mm was recorded within just 6 hours. This was reported as totally extraordinary based on an observed 100-year time series [18]. In Niger, the heavy rains during August 2018 caused 22 deaths and nearly 50,000 victims in several regions of the country. Similarly, flood events in 2017 caused 56 deaths, nearly 20,000 victims, and a significant loss of production and livestock [19]. Prior to these flood events, 79 damaging rainfall events were reported between 1970 and 2000 in Niger [20] and it was highlighted that not only the intensity of a single heavy rainfall is relevant to trigger a flood but the cumulative rainfall of the preceding days also determines the probability of inundations. Paeth and Hense [21] examined the causes of the 2007 flood in the northern parts of sub-Saharan Africa that affected more than 1.5 million people. During this particular year, many countries in West Africa experienced the most intense rainfall in several decades. In the upper Volta basin, 3-day accumulated precipitation amounts with return periods of more than 1000 years occurred [18]. Over the Guinea Coast, deadly floods mainly due to heavy rainfall (~50 and 100 mm) [21,22] have also become recurrent since the 2000s [22,23]. In Côte d’Ivoire, for instance, an average of 10 human deaths have been reported every year since 2009 as a consequence of flood events [24].



The region has experienced severe damages due to heavy rainfall events and its associated floods as mentioned in [25] in an analysis of historical and current extreme rainfall events. They reported that, from 1998 to 2016, there were recurrent flood events with damaging impacts to infrastructure and the resident populations of major cities along the coastal areas of the Gulf of Guinea. The number of flood events recorded include 23 in Nigeria, 9 in Benin, 5 in Togo, 11 in Ghana, 4 in Côte d’Ivoire, 3 in Liberia, and 5 in Sierra Leone. Panthou et al. [12] showed that there has been an increase in the contribution of extreme rainfall to the annual total rainfall amount over the Sahelian region in the last two decades, with an augmentation of the mean intensity of the rainy days associated with a higher frequency of heavy rainfall [26,27] has explained these new rainfall conditions will most likely be sustained by global warming thus, reshaping our understanding of food insecurity in this region. On the other hand, [10] found that the number of extreme storms has increased during the last 30 years over the whole region. In contrast to previous studies, [28] has showed that the question of recovery and regime change is not only observed during the Sahelian rainy season (July–September), but also evident for the coastal phases (April–May; major rainy season across the Gulf of Guinea), and (October–November; little rainy season across the Gulf of Guinea) of the West African monsoon. These analyses suggest that a full rainfall recovery from the droughts of the 1970s and 1980s has yet to occur. Thus, a major change in the rainfall regime occurred around 1968 and since then large-scale teleconnections have also changed markedly.



Previous studies like [17,18,19,20,21,22,23,24,25,26,27,28,29], documented the changes in rainfall variability and distribution at regional level. However, none of them has investigated the changes in extreme climate indices in individual countries, which is the scale where decisions are taken. Moreover, most of the existing works used global or regional climate models with coarse horizontal resolutions thus, not permitting detailed analysis as discussed in [25]. Regional study on trends in precipitation extremes using Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) has been performed in [25] and [30] but it was focused on West African subregions (Western Sahel, Central Sahel and Guinea Coast region). Here, this study is a step beyond to better characterize those changes in precipitation extremes at national level in 5 countries representative of the West African Climate system. This study contributes to deliver climate information at country-level, which is more relevant for decision-making and policy makers.



In this work, the variability of six Expert Team on Climate Change Detection and Indices (ETCCDI) climate indices [31] are analyzed across five selected West African countries in line with the program AMMA-2050 (DFID/NERC), using the high-resolution CHIRPS [32] observational dataset. In addition to [30], this work also considers an index for very heavy precipitation, and analyzes the evolution of the six ETCCDI indices at the decadal scale, as well as at the country level, which will provide information directly applicable at the country-scale. It is worth noting that satellite-based precipitation estimates rely on the interpretation of emitted or scattered radiation received by the satellite instruments and thus estimates, come with limitations regarding the retrieval of extreme precipitation. In particular, they are usually found to overestimate light rains and underestimate high intensity precipitation (e.g., [14,33,34], and therein). Despite these limitations, the finer resolution of the CHIRPS dataset can be an advantage to better investigate changes in rainfall variability and distribution especially in the extremes [29]. This is all the more important in a region with a deficient ground network and a lack of gridded observational dataset.



Section 2 describes the data and methodology while Section 3 investigates the temporal evolution of these six indices over Senegal, Niger, Burkina Faso, Côte d’Ivoire, and Benin since 1981. Section 4 and Section 5, respectively, discuss and concludes the study.




2. Materials and Methods


2.1. Study Area Description


The study was conducted over 5 countries located within West Africa [35,36] (Figure 1): Senegal and Niger (Western and Central Sahel respectively), Burkina Faso (the transitional zone between the Sahel and the Guinea Coast), and Côte d’Ivoire and Benin (Guinea Coast). West Africa has several climatic and ecological zones thus, facing a multitude of issues in terms of adaptation and mitigation to climate change [37]. These regions have different landscapes and surface conditions. The Sahel (Western and Central Sahel) consists of arid and semi-arid areas with savanna and trees while forests cover the Guinea Coast with complex interactions with the West African monsoon (e.g., [30]). Due to substantial differences in their location relative to the tropical Atlantic and to the Hadley Cells, those regions are characterized by very diverse hydro-meteorological regimes. The mean annual precipitation in these regions is 575 mm in Western Sahel, 450 mm in Central Sahel, and 1250 mm in Guinea Coast [38,39]. Additionally, the seasonality of precipitation is different depending on the region, with two rainy seasons over the Guinea Coast, and only one over the Sahel (western and central Sahel) [40]. The spatial mean rainfall annual mean of each country is presented in Figure 1.




2.2. CHIRPS Dataset


Due to the lack of ground-based observation data as discussed previously, satellite rainfall estimates have been used as an alternative to or to supplement in-situ observations [36,37,38,39,40,41]. Because many satellite-based rainfall products with long-time series have coarse spatial and temporal resolutions and are not homogeneous, the rainfall data from the Climate Hazards Group Infrared Precipitation with Stations (CHIRPS) version 2 developed by the Climate Hazards Group of University of California was used. The CHIRPS dataset is a quasi-global rainfall dataset covering 50° S to 50° N and spanning from 1981 to near present. It incorporates 0.05° × 0.05° resolution satellite imagery with in situ station data to create gridded rainfall time series suitable for trend analysis and seasonal drought monitoring. It is originally computed in a pentad (5 days), and all other time steps are either aggregated (decadal and monthly) or disaggregated (daily). It can be freely accessed at http://chg.geog.ucsb.edu/data/chirps/. According to previous studies by [29,42,43], the West African mean precipitation from the CHIRPS dataset shows a similar performance to the commonly used satellite products CMORPH, TMPA, PERSIANN, and TRMM at the decadal, monthly, and seasonal time scales. The authors of [25,30] noticed a satisfactory replication of the seasonal trends (1981–2015) of the mean precipitation, the number of wet days, precipitation intensity, and average dry spell length analysis, from the CHIRPS dataset against 18 daily rain gauge stations across the Sahel and the Guinea Coast. They further mentioned an exception along the Guinea Coast where, unlike the rain gauge stations, the CHIRPS dataset shows a tendency towards more (less) frequent and less (more) intense precipitation during both rainy seasons (during the first rainy season).




2.3. Comparison of the CHIRPS Dataset with Rain Gauges


In order to evaluate the performance of the CHIRPS data over West Africa, it has been compared with observed gauges dataset. Indeed, five near-surface daily rain gauge data were extracted from the updated BAse de DOnnées PLUviométriques (BADOPLU) database, described by Panthou et al. [44]. This was based on the availability of data over the period of interest (1998–2010). The consistency and the continuity of extracted observed data were assessed. Missing data from each station has not exceeded 15% over the considered period (Table 1). Stations with missing data occurring more than 7 consecutive days were not considered. The statistical distribution of monthly rainfall was evaluated in the BADOPLUS database from five cities (Dakar, Ouagadougou, Niamey, Adiaké and Cotonou, as seen in Figure 1) by comparing it to the CHIRPS dataset. The stations were selected based on the completeness of records and were chosen only if the complete daily records were available during the 1998 to 2010 period. The validation metric score computed for validation is the monthly mean rainfall over the considered period.



Figure 2 exhibits the correlation between the observed and CHIRPS dataset on a monthly timescale over the considered period (1998–2010). There is a good agreement between the two datasets at all the five considered stations. Over all five stations, the Pearson coefficient is greater than 0.8 (R ≥ 0.8) and all the correlations are statistically significant (p-value < 0.01). Over the five sites tested, the monthly means from the CHIRPS dataset does not correlate strongly with observations during the driest months (DJF) over Sahelian stations (Dakar, Ouagadougou and Niamey) and during the months of November and May in the coastal Guinean (Adiaké and Cotonou) zone.



Figure 3 shows the comparison of monthly mean precipitation over the 1998–2010 period between the CHIRPS dataset and rain gauge data extracted from the updated BADOPLUS database. In most of the stations, both datasets have a similar monthly mean amount except in the rainy season, during which CHIRPS overestimates precipitation for all the stations on average by 13.91 mm and at maximum by 28.38 mm. For instance, at the Dakar station, monthly mean precipitation from the CHIRPS dataset is in very good agreement with the observed data except in the month of July where CHIRPS overestimate the stations by 4.90 mm. Similarly, the CHIRPS dataset overestimates the mean precipitation on average by 16.83 mm from April to September at the Ouagadougou station and on average by 16.77 mm from May to October (except in August) at the Niamey station. Moreover, in Adiaké located in the in the Guinea zone, CHIRPS overestimate the precipitation on average by 28.38 mm from May to December. In contrast, the CHIRPS dataset overestimates the precipitations on average by 19.26 mm for all months except in July and December at the Cotonou station located in the Guinea zone. Hence, based on Figure 2 and Figure 3, we conclude that the CHIRPS-based precipitation data is good enough to be used for flood and drought monitoring in the study area.




2.4. Methodology


Following Caroletti et al. [45], the mean and the Pearson correlation coefficient were used as validation metrics to evaluate the CHIRPS dataset with in situ rain gauge data from 1998 to 2010 on a monthly time scale. Six climate indices (described in Section 2.4.2) based on Expert Team on Climate Change Detection and Indices (ETCCDI) definitions were then computed over each grid point and for each year. Two different types of analyses were mainly carried out:




	(1)

	
The regional mean annual ETCCDI extreme climate indices over each country were computed and their trends over 1981–2015 were analyzed following the methodology of Section 2.4.1;




	(2)

	
The inter-decadal change in the computed climates’ extreme indices were examined over the periods 1996–2005 and 2006–2015 relative to the 1986–1995 decade, and their significance was assessed at a 95% confidence level over each grid point based on the Mann–Kendall test (p value < 0.05).









2.4.1. Trends Analysis


The best-fit linear trend is often used to analyze the temporal change of a time-series. However, it can be influenced by outliers (e.g., large values produced, for instance, during El Niño years [46] and the non-normality of the distribution, which are regularly found in extreme values. Therefore, in addition to the computation of the best-fit linear trend, we also computed an estimator of the slope based on Kendall’s rank correlation. This method was proposed by [47] and has been applied in several extreme climate studies [8,20,21,22]. The estimator is the median of the slopes obtained from all joining pairs of points in the series and the confidence interval is calculated from tabulated values [23,24]. The existence of a trend is deemed statistically significant at a p-value lower or equal to 5% equivalent to a 95% confidence level.




2.4.2. Climate Indices


The complex interaction between West African Monsoon (WAM) and the Sea Surface Temperature (SST), the land surface and aerosols forcing are not well understood and varies in different time scales with respect to seasonal to decadal scale forcing. In this regard, some recent findings support the notion to better investigate decadal climate variabilities of precipitation over West Africa [43,44] as possible deficiencies of climate models and knowledge in the dynamics of the WAM. For the decadal evolution, we compare ten-year window periods (1986–1995, 1996–2005, and 2006–2015) at each grid point for the six selected indices, namely total rainfall (PRCPTOT), the number of wet days (RR1), the maximum number of consecutive dry days (CDD), the maximum number of consecutive wet days (CWD), very wet days (R95P), and the simple daily intensity index (SDII). Following previous studies [25,30,48], we define a wet day as a day when the daily precipitation is at least 1 mm/day. The spatial evolution of climate extreme related indices is presented as an average of the difference between the three sub-periods. For a given year, PRCPTOT corresponds to the total amount of precipitation accumulated during the wet period (generally from June to September in West Africa, hereafter JJAS), RR1 corresponds to the total number of wet days in each year in the reference period, CDD (CWD) corresponds to the maximum number of consecutive dry (wet) days in each year in the reference period. The R95P is defined as a very wet day and represents the accumulated amount of precipitation that is above the 95th percentile during all wet days over the given period in JJAS. The SDII corresponds to the precipitation intensity during that year and is computed as follows: SDII = PRCPTOT/RR1 (Table 2). The selection of these 6 indices is based on their relevance for the region as discussed in previous work (e.g., [30]). For example, CDD and CWD are important indicators for agriculture in these regions, which are dominated by rainfed agriculture. In addition, the R95P index is based on the 95th percentile, which allows for comparing the evolution of very wet days in different regions even though they represent very different rainfall regimes, i.e., dry Sahel and wetter Guinea Coast. As defined in [49], the indices used in this study are “moderate extreme indices” mainly based on percentiles with thresholds set to assess moderate extremes that typically occur a few times every year rather than high impact (once-in-a-decade weather events). Nevertheless, in countries with less adaptive capacity, those moderate extremes may threaten livelihoods and human security. A detailed description of the indices and their computation is available at http://etccdi.pacificclimate.org/list_27_indices.shtml.






3. Results


3.1. Temporal Analysis


In this section, the trends (1981–2015) of each ETCDDI extreme climate index were analyzed and then averaged over each country. For each country, the trends of the six indices and their significances are shown in Table 3.



Both Senegal and Niger (Figure 4) show significant increases in PRCPTOT (+3.7 and +2.9 mm per decade respectively, Table 3), RR1 (+5 and +4 days per decade respectively, Table 3), and CWD (+3 and +3 days per decade respectively, Table 3). However, Senegal and Niger present significant decreases in CDD (−5 days per decade each, Table 3), R95P (−1.5 and −3 mm per decade respectively, Table 3) and SDII (−1.5 and −2.9 mm/day per decade, respectively, Table 3). Hence, over Senegal and Niger, the analysis reveals a recent increase in precipitation that results from an increase in precipitation frequency (increase in RR1) as well as the maximum length of wet spells (increase in CWD).



In the adjacent area of the Sahelian zone in Burkina Faso (Figure 5), there is a significant increasing trend in PRCPTOT, RR1, and SDII (+3.8 mm, +3 days, and +2.5 mm/day per decade, respectively, Table 3), while the CDD (−5 days per decade) exhibits a significant decreasing trend. Decreasing trends of CWD and R95P (−0.5 days and −0.1mm per decade) were also observed over Burkina Faso but are not significant. It should, however, be noted that R95P increases after 2000. Hence, over Burkina Faso, the analysis shows a recent augmentation of precipitation that results from an increase in precipitation frequency (increase in RR1 but not in CWD) and intensity (increase in SDII), including very wet days after 2000 (increase in R95P after 2000).



Over Côte d’Ivoire and Benin (Figure 6), the results show an increase in PRCPTOT (+1 and +1.3 mm per decade), a decrease in CWD (−0.2 and −1.8 days per decade, respectively, Table 3) and CDD (0 and −1 days per decade, respectively, Table 3), an increase in RR1 (+1 and +1day per decade, respectively, Table 3) and SDII (+0.1 and +2.7 mm/day per decade, only significant in Benin respectively, Table 3), and no clear change in R95P (Figure 6). Hence, over Côte d’Ivoire and Benin, the analysis shows an increase in precipitation as a result of a weak increase in precipitation frequency (increase in RR1 but not in CWD) and intensity (increase in SDII but not in R95P).




3.2. Spatial Variability of the Changes over the Last Two Decades


To highlight the spatial distribution of these variations over time, Figure 7, Figure 8, Figure 9, Figure 10 and Figure 11 show the changes in PRCPTOT, RR1, CWD, CDD, R95P and SDII over of the periods 1996–2005 and 2006–2015, using 1986–1995 as reference period in all five countries. The first column of these Figures represents the mean value of each index (according to the row) over reference decade 1986–1995 while the second and third columns show the anomaly between reference decade and the periods 1996–2005 and 2006–2015, respectively.



Over Senegal, the analysis of the annual mean over the reference decade (first column of Figure 7 exhibits that the southern part (south of 14° N) recorded the highest PRCPTOT (750–1500 mm/year), RR1 (60–100 days during JJAS period) and CWD (6–10 days), and the lowest CDD (0–10 days during JJAS period). In addition, the highest values of SDII and R95P are observed over the central and southern part of the country during the reference decade while the lowest mean values are recorded over the northern and eastern parts. During the first (1996–2005) and the last (2006–2015) decades in Senegal (second and third columns Figure 7), PRCPTOT and RR1 have increased over the entire country except for some areas in the southern part during the last decade. The increase in PRCPTOT is significant in the western, northern and southeastern parts of the country, whereas the increase in RR1 is statistically significant over the entire country for the two considered decades relative to reference decade. However, the CDD presents a significant decreasing trend over the entire country for the two decades while the CWD presents an increase, which is only significant in some areas. Large parts of the country present significant decreasing trends for R95P and SDII but present slightly increasing trends over parts of the northern and southeastern parts of the country. Hence, during the first period, the increase in precipitation observed over Senegal is mostly as a result of an increase in precipitation frequency (including shorter dry spells). In addition, an increase in precipitation intensity (including very wet days) over the northern and southeastern parts of the country contributed to the total increase in precipitation amount. Furthermore, during the second decade (2006–2015; third column Figure 7), PRCPTOT, R95P, and SDII increased over the entire country except over the central-southern region, where they clearly decrease. In addition, RR1 and CWD increased over the entire country, while CDD slightly decreased over the entire country. Indeed, during the second decade, the rise in precipitation observed over Senegal results from a clear increase in precipitation frequency (including longer wet spells and shorter dry spells) and to some extent in precipitation intensity (including very wet days). The strong decrease in precipitation observed over the central-southern part of the country is due to the weakening of the rain intensity (including a reduction in the number of the very wet days).



The agricultural system in Senegal is essentially rainfed and relies on both cash crops (groundnuts, cotton, horticultural products) and food crops (mainly cereals). Senegal suffered the worst droughts in the 1970s, which caused a major famine requiring international food aid [50,51]. However, during the last twenty years, the significant increase in cumulative annual rainfall (PRCPTOT), in the number of rainy days (RR1) and in consecutive wet days (CWD) have been favorable to agriculture [52,53]. This has led to an increase in productivity and helped to reduce the national acute malnutrition rate from 10.6% in 2010 to 8.8% in 2012 and 5.9% in 2014 [54]. Indeed, according to the National Agency of Statistics and Demography [55] in recent decades, groundnut production with a high concentration in the central-western regions (Kaolack, Kaffrine, Fatick, Diourbel, Thiès, Louga) has amounted to 1,050,042 tons, i.e., a 125% achievement rate relative to the annual target of the Programme d’Accélération de la Cadence de l’Agriculture Sénégalaise (PRACAS; 838,728 tons) and an increase of 57% compared to previous years. Similarly, cotton production, especially in the southern zone (production area), experienced a 16% increase in 2015. Generally, in the last decade, there has been an increase in the production of other food crops, particularly rice (62.1%), sorghum (84.2%), cassava (70.9%), cowpea (33.6%), fonio (48.1%), millet (83.3%) and maize (70.3%) [55]. Despite this good performance in agricultural production, the report of [56] mentions that the country suffered from locust attacks during 1987 and 1998, which devastated crops, and that a rainfall deficit caused by an early cessation of rains during the 2003 dry season had a severe impact on water resources and crops, particularly millet, which had not reached maturity. In 2012, excess rainfall was noted throughout the country and caused damage to rainfed crops [56].



Over Niger, the first column of the Figure 8 presents the spatial mean indices over the reference period. The PRCPTOT, RR1 and CWD increased in the south during the reference decade, whereas the CDD decreased. Nevertheless, the R95P show higher values (20–40 mm) in the southern and northern parts of the country while the SDII presents lower values over the entire country (0–20 mm/day) except in central and north-western parts where the values reach 20–30mm/day. The second and third columns of Figure 8 present the anomaly of computed indices for first (1996–2005) and last (2006–2015) decades, respectively. The RR1 increased significantly over entire country for both decades relative to the reference decade. PRCPTOT also increased over the entire country but the increase is only significant in some parts (especially the north-western and southern-central parts for the first decade and between 10° E–12° E longitude for last decade). North of 14° N latitude, the CWD slightly increased significantly during the two decades relative to the reference decade but the change is more pronounced during the last decade. The CDD decreased significantly over the entire country but this change is more pronounced during the last decade. R95P and SDII slightly increased during the first decade (significant in the western and southern parts) and decreased slightly during the last decade in major parts of the country, especially in the central and northern parts. Hence, during the first period, the increase in precipitation observed over the entire country was mostly due to an increase in precipitation frequency, including longer wet spells (over the north-east) and shorter dry spells. The anomalies observed over the second period (Figure 8) are very similar to the ones observed over the first period, albeit a slight decrease in precipitation observed over the western part of the country that results from a clear decrease in precipitation intensity (including very wet days).



Strongly dependent on climatic conditions characterized by high aridity accentuated by high temperatures, very high spatio-temporal variability of rainfall as well as a southward displacement of isohyets, Niger’s agricultural sector has experienced an overall increase since 1993 according to the Programme Détaillé du Développement de l’Agriculture Africaine [57]. Figure 8 shows that, over the first decade, there was a significant increase in all indices in the south and a significant decrease in the number of consecutive dry days (CDD). This increase in rainfall coupled with changes in surface conditions (increase in cultivated areas) has modified runoff and infiltration and this has contributed to a 10% increase in groundwater reservoirs since 1990 [58]. Recent reports of [59,60] on the evolution of rainfall confirm this increasing trend of rainfall and suggest that isohyets are moving northward again. Figure 8 shows that this trend is mainly explained by an increase in the number of rainy days in the last two decades. Despite the overall performance recorded, the agricultural sector in Niger has never managed to grow more than two consecutive years according to [57]. The main reason is the high inter-annual variability of rainfall. The World Bank report [60] shows that, despite a generally increasing trend, the years 1984, 1997, 1993, 1997, 2000, 2004, and 2009 rainfall deficits were very closely linked to the poor harvests and a reduction in seasonal lakes that provide drinking water to humans and animals during the rainy season [59]. Although the increase in average annual rainfall has generally been favorable to crop production, since the 1990s it has led to an increased frequency of flooding. Most floods occur during the rainy season (July to September) when the main crops are sown. They are usually the result of heavy rainfall for a short period of time, leading to flash floods or localized flooding along the banks of the Niger River, leaving little time for preparation. Damage and losses are usually localized, but floods have devastating effects where and when they occur. Homes and buildings are destroyed, fields are flooded and large numbers of livestock are washed away. The number of displaced people can also be high, especially when these floods affect urban areas.



In Burkina Faso (Figure 9), PRCPTOT, RR1, R95P and SDII increased in the southern part of the country, while CWD and CDD decreased in the same areas. The latitude 13° N is seen as the transitional zone. During the first decade (second column of Figure 9), PRCPTOT and RR1 decreased in major parts of the country, especially in the southern part, while they increased significantly in the central and northern parts over. During the last decade (3rd column), PRCPTOT increased significantly northward of 11° N latitude, while RR1 increased significantly over entire country. The CWD present a decrease below 14° N for both decades but the change is more pronounced and significant in large areas during the first decade. CDD decreased over entire country for both decades relative to the reference but is more pronounced and significant during the last decade. For the first decade, R95P and SDII decreased in major parts of the country, especially in the central region where both indices were significant while a significant increase is observed in the northern parts. Nevertheless, the decreasing trend of SDII in the central part of the country declined and even disappeared during the second decade, while the increased observed in the northern part became largely significant. Generally, in Burkina Faso, PRCPTOT, RR1, and SDII increased (decreased) over the eastern (western) part of the country during the first period, while CWD and R95P (CDD) clearly decreased (increased) over the entire country. During the second period, PRCPTOT, RR1, and SDII generally increased (decreased) over the western (eastern) part of the country, CWD slightly decreased, CDD increased (decreased) over the eastern (western) part of the country, and R95P increased over the entire country. Hence, trends in annual precipitation show an opposite east–west dipole in the two periods. Changes in both decades are due to a change in precipitation frequency and intensity (including very wet days in the second period). Note that the increase in precipitation frequency occurs despite the shortening of wet spells and the lengthening of dry spells.



Agricultural production in Burkina Faso is dominated by cereals (sorghum, millet, maize and rice), the main food crops, and cotton, the main cash crop. The agricultural production has increased overall in recent years at the national level [61,62]. This performance was not only due to an increase in the area under cultivation [63], but also due to favorable climate and a good adaptation to climatic conditions [64]. As shown in Figure 9, the country experienced significant increases in cumulative rainfall (PRCPTOT) and in the number of rainy days (RR1) over almost the entire country during the last two decades. Despite the progress made in recent years, Burkina Faso’s agricultural sector is experiencing disruptions due to several unfavorable factors, the most important of which is based on climatic hazards [65,66]. Indeed, the country regularly undergoes meteorological disturbances that cause droughts and floods. Since 1994, Burkina Faso has experienced more than ten major disasters with significant consequences [64]. Figure 9 on heavy rains (R95P) confirms that northern Burkina Faso was more prone to floods during the first two decades but much more so in the second decade. This result is in line with those obtained by [66], explaining that the country recorded violent floods, especially in the northern zone during the years 1994, 2007, 2008, 2009, 2010, 2011. Moreover, droughts have had many consequences on food security. In 2004 and 2007, severe droughts caused a significant drop in agricultural production (−16% in 2007), accentuating the food insecurity of rural populations and leading to a slowdown in the growth of the agricultural sector [67] as well as a deficit in the filling of rivers and the scarcity of water resources for various uses [68]. During the years 1995, 1996, 1997, 2001, 2011 and 2012, droughts affected 170 of the country’s 352 districts in 10 regions of the country and caused a significant cereal deficit affecting 3.5 million people [64]. This situation is consistent with the length of consecutive wet days (CWD) which showed a significant decrease during the first decade in most parts of the country and in a few places during the second decade and could have had an influence on the production of cereal crops [56]. At the same time, the results on intense days (SDII) show a significant decrease, mainly in the center and west during the first decade and only in the south during the second decade. These decreasing trends could explain the slowdown in agricultural growth, thus justifying the impact on food security during the last two decades. The recurrence of climatic shocks in Burkina Faso often affects populations that are already vulnerable due to poverty and the difficult agro-climatic environment. Among the most vulnerable in Burkina Faso, subsistence farmers and herders see their capacities eroded over time under the combined action of disasters and a lack of financial resources.



During the reference decade in Cote d’Ivoire (1st column of Figure 10), the mean PRCPTOT, RR1, R95P and SDII decreased gradually from west to east and from south to north gradients. The greatest value of PRCPTOT recorded in the western part is due to the orographic effects caused by the hills and mountains. However, the CDD increased gradually according to a north-south gradient. Northward of 9° N and southward of 6° N, the country recorded the largest value (4–6 days) of CWD. The PRCPTOT increased significantly along the coast and in the northwestern part of the country during the first decade while this increase was only significant in the western and in the northwestern parts during the last decade. The RR1 decreased significantly in entire country during the first decade, while it decreased significantly along the coast and in north-central part of the county during the last decade. The CWD decreased during both decades in the entire country and significantly during the first decade. The CDD significantly increased in the entire country except the central part during the first decade. It is important to highlight that this increase was maintained during the last decade except along the coast (below 7° N), where a reduction in CDD was observed. The R95P index increased considerably in all regions south of 8° N, while it decreased significantly in the region north of 8° N for both decades. The SDII index generally increased significantly in the regions south of 9° N, except in the northeastern part during the first decade. During the last decade, the SDII increased significantly in the south and western parts while in the northeastern part decreased significantly. Thus, during the first decade over Côte d’Ivoire, PRCPTOT increased (decreased) over the western and southern (eastern) part of the country, RR1 and CWD decreased over the entire country, CDD increased (decreased) over the southern (western) part of the country, and R95P and SDII increased over almost the entire country. During the second decade, PRCPTOT increased over the central part of the country but decreased in the other parts, RR1 and CWD increased over the entire country, and CDD, R95P, and SDII decreased over the entire country. Hence, the results show a switch from less frequent (including longer dry spells over the south and shorter wet spells over the whole country) and more intense (including very wet days) rainfall before 2005 to more frequent (including longer wet spells and shorter dry spells) and less intense (including very wet days) rainfall after 2005.



The small increase in rainy days and the reduction in the number of consecutive dry days recorded during the last two decades in the southern, south-western, western and north-western zones are consistent with the increase in cashew nut and cotton production in the north and coffee, cocoa and rubber production in the south and south-west [69]. The climate has been favorable to agriculture in Côte d’Ivoire in recent decades, but this has also had significant impacts on the environment and society. Indeed, since the 1990s, many lives and properties are lost every year due to deadly floods and landslides [70,71]. This is in line with Figure 10, which shows that the southern and western parts of the country have been marked by a significant increase in extreme rainfall and rainy intensities (R95P and SDII, respectively) since the first decade.



In Benin, PRCPTOT and CWD during the reference period (1st column of Figure 11) are highest in the northwestern part, especially in the Atacora channel (channel of mountains in Benin). The largest values of RR1 are observed between 7–11° N, while those of R95P and SDII are seen in the central, the north and northeastern parts of the country. During the reference period, the CDD decreases with the latitude (North-south direction). The PRCPTOT increased (significant only during the first decade) in the central and northern parts (north of 10° N) during both decades but was more pronounced during the first decade. During the first decade, RR1 increased significantly north of 10° N latitude except in some areas of the western part and below 10° N latitude. Moreover, this increase was significantly intensified in the last decade, during which RR1 for the areas south of 10° N latitude also increased. Furthermore, the CWD decreased in the entire country for both decades but was statistically significant in the south and central parts for the first decade and in the central–west for the last decade. In addition, the CDD increased (significantly decreased) in the areas south of latitude 10° N (north of 10° N latitude) but was significant only near the coast. The R95P decreased in both decades in large parts of the country (significant only in the central-east part). Nevertheless, the SDII increased (not significant) in the entire country between the first and the second decade, while in the last decade, the major part, especially the northern part, showed a decrease (significant from the center to the north-east region). Generally, over Benin, PRCPTOT and RR1 increased (decreased) over the northern (southern) part of the country during the first period, while CWD decreased over the entire country, and CDD, R95P and SDII increased over the entire country. During the second period, PRCPTOT decreased (increased) over the northern (southern) part of the country, RR1 increased over the entire country, CDD, R95P, and SDII decreased over the entire country, and CWD show no clear change. Hence, the precipitation increase observed over the northern part of the country during the first period was due to an increase in both precipitation frequency (despite longer dry spells and shorter wet spells) and intensity (including very wet days) while the precipitation increase observed over the southern part of the country during the second period was mainly as a result of an increase in precipitation frequency (including shorter dry spells). The reduction in rainfall amount at the southern part was due to a strong decrease in precipitation intensity (including very wet days).



Over the last thirty years, the climate in Benin has been favorable to agriculture and mainly to maize (the most consumed cereal in the country) with relatively stable production in almost all growing areas until 2015 [72]. Usually grown in the southern and central parts of the country (Ouémé, Mono, Atlantique, and Zou), maize cultivation started to develop in the northern regions (especially in Borgou) around the 1990s [73]. This is coherent with the significant increase in rainy days (RR1) as well as with a significant decrease in consecutive dry days (CDD) in this northern zone during the first and second decades, as shown in Figure 11. This improvement in production has also been observed for cotton, the country’s main export commodity, accounting for 45% of total national exports by value [74]. Cotton production is concentrated in the northern zone, in the Alibori department, and, to a lesser extent, in the departments of Borgou and Atacora (northwest). It has declined in the central zone, where the production was important in the 1990s. After reaching a record in the 2004/2005 season [75], the production fell sharply in 2010/2011. The production recovered in 2011/2012 and has continued to increase until 2014/2015. The drop of cotton yield is coherent with the increase in the number of consecutive dry days (CDD) during the rainy season in the production zones.





4. Discussion


In Senegal and Niger (Western and Central Sahel, respectively), the results show that in the CHIRPS dataset, a significant increase in annual rainfall over 1981–2015 results from an augmentation of precipitation frequency occurring at least partly under the form of longer wet spells and shorter dry spells despite the decrease (especially over Niger) in precipitation intensity (including very wet days). This result is in accordance with [76] who found from the Global Precipitation Climatology Project (GPCP) dataset that from 1998–2008, the long duration of the Sahelian wet spells (between 6 and 15 days) was a major contributor to the increase in annual cumulative rainfall. The result is also in agreement with [77], who investigated trends over 1980–2010 with rain gauge data and found that the recent increase in Sahelian precipitation (so-called ‘Sahel rainfall recovery’) is reflected in more rainy days (mostly over the northern and western parts of the Sahel), which includes the lengthening of wet spells (mostly over the western part of the Sahel). Additionally, the results are also in good agreement with the Bichet and Diedhiou [25] study, who showed from the CHIRPS dataset that the recent (1981–2014) increase in precipitation frequency over western Sahel (e.g., Senegal) is due to numerous and longer wet spells (at the expense of isolated wet days) separated by fewer and shorter dry spells. Elsewhere over the northern Sahel (e.g., Niger), [25] found that the increase in precipitation frequency was due to numerous isolated wet days and several but shorter wet spells (not observed in our case) separated by several but shorter dry spells. The clear increase in precipitation frequency observed over Senegal and Niger since 1981 (including shorter dry spells since 1981 and longer wet spells after 2005, Figure 4) suggests, as in [18], a clear decrease in drought conditions over the Sahel.



Similarly, the clear decrease in precipitation intensity (occurring at least partly under the form of numerous very wet days) found in this study suggests an agreement with [18] that the likelihood of floods has decreased since 1981 over the Sahel. Over the central-southern part of Senegal and the western part of Niger, however, this decrease only started around 2005.



Over Burkina Faso (transitional zone between the Sahel and the Guinea Coast), the results show that the significant increase in annual rainfall over 1981–2015 was due to an increase in precipitation frequency and intensity (including very wet days) despite the significant decrease in the maximum length of wet spells. In addition, the results show that the increase in precipitation occurs over the eastern (western) part of the country during the first (second) period and that the increase in very wet days occurs only after 2005 as seen in the study of [78]. The recent rainfall increases are probably due to the warming of the northern Atlantic Ocean which may have drawn the summer rains further north, increasing rainfall in the Sahel as shown by [79,80,81]. Hence, the results are in agreement with the authors of [77,82], who find a strong and significant recent recovery of rainfall in this country. However, the results also suggest an agreement with [18,83,84,85], for an increase in the likelihood of floods (recent increase in very wet days) and drought conditions (shorter wet spells and longer dry spells) over the southern and northern part of the Sahel. These regions already lack adequate infrastructure to withstand extreme weather conditions. In this region, it is worth noting that an increase in very wet days insinuates an increase in intense Mesoscale Convective Systems (MCSs) as they constitute the major contributor to annual rainfall totals [77]. In fact, [86] showed that the recent increase in moisture fluxes from the Atlantic Ocean may have fueled some of the recently observed extreme daily rainfalls related to MCSs events in the region, such as the 161 mm event in Ouagadougou (Burkina Faso) in 2009. Even though [82] showed that the increasing flood frequency over the Sahel is highly correlated with increasing rainfall intensity, it is important to keep in mind that the increase in flood risk in urban areas such as Ouagadougou is not solely related to heavy rainfall but also depends on human and environmental factors, such as land-use changes [39,42,77,87]. In addition, it was shown that, in this region, heavy rainfall events are essential to the occurrence of floods, but this condition appears to be insufficient. Other factors, such as the cumulative rainfall amount in days prior to flood events, topography and flows characteristics, are also very important [70].



In Côte d’Ivoire and Benin (Guinea Coast), the results show that the increase in annual rainfall over 1981–2015 (significantly only in Benin) results from a slight increase in precipitation frequency, shorter dry spells (despite shorter wet spells) and a slight increase in precipitation intensity that does not occur in the form of very wet days (no clear change in R95P). In Côte d’Ivoire, the results also show a clear shift in 2005, from less frequent (including longer dry spells over the south and shorter wet spells over the whole country) and more intense (including very wet days) rainfall (before 2005) to more frequent (including longer wet spells and shorter dry spells) and less intense (including very wet days) rainfall (after 2005). Such a shift is in good agreement with the authors of [70,71], who show that the different parts of Côte d’Ivoire are affected by gradual and abrupt changes, especially along the coastal region. It also suggests that after 2005, conditions have drastically changed to become more beneficial for the society (decrease in drought conditions, as suggested in [30] and in the likelihood of floods). A similar shift is observed in Benin, showing shorter dry spells and a decrease in precipitation intensity (including very wet days) after 2005. Finally, the results are in agreement with Sanogo et al. [77], who show that, over 1980–2010, the trends in ETCCDI indices related to extreme or intense precipitation, as well as precipitation frequency and wet and dry spells, are generally not significant over the Guinea Coast. According to the authors, this missing significance is partly related to the hiatus in rainfall increase in the 1990s, but also to the larger inter-annual rainfall variability. According to the results (strong switch in the hydro-climatic conditions in Côte d’Ivoire and Benin around 2005), this lack of significance may also result from the strong decadal variability observed in this region during this period (1980–2010).



At this point, it is worth reminding that in the CHIRPS dataset, the tendency (1981–2015) towards more (less) frequent and less (more) intense precipitation along the coast of the Guinea Coast (half of the stations inland) is not reproduced in the rain gauge stations. The results over the Guinea Coast should thus be carefully interpreted. We suggest that further studies regarding the recent trends in precipitation frequency and intensity over the Guinea Coast with additional observational datasets. Although the understanding of the mechanisms behind these observations is beyond the scope of this study, potential processes may include global warming, variations in sea surface temperatures, and organization of the MCSs. Future work is planned to investigate the associated changes in atmospheric circulation and the role of external forcing using regional climate models.




5. Conclusions


This article focused on the temporal and spatial variability of six annual ETCCDI climate indices over the period 1981–2015, in five countries (Senegal, Niger, Burkina Faso, Ivory Coast, and Benin). The results show that regional mean precipitation has increased in all five countries over the past 30 years. Over the Sahel area, we find that the reported ‘Sahel rainfall recovery’ results from an increase in precipitation frequency (including shorter dry spells since 1981 and longer wet spells after 2005), which suggests a clear decrease in drought incidences. A decrease in precipitation intensity (including very wet days) starting in 2005, however, indicates a decrease in the likelihood of floods and is limited to the central-southern part of Senegal and the western part of Niger. Over the transitional zone between the Sahel and the Guinea Coast, we found that the reported ‘Sahel rainfall recovery’ results from an increase in precipitation frequency and intensity but these did not explain the increase in the occurrence of floods (increase in very wet days) and droughts (shorter wet spells and longer dry spells). Lastly, over the Guinea Coast, the recent increase in precipitation hides a strong shift around 2005 from conditions that are potentially damaging to the society (rare but intense rainfall events) to conditions that are potentially beneficial for society (more frequent, longer and less intense events). Note that our results should be handled with a certain care, as satellite-based products have the tendency to underestimate intensity and overestimate frequency (e.g., see Section 2.3), which is expected to have consequences on the following indices investigated in our study: CDD, CWD, RR1, R95P, and SDII. However, additional analyses regarding the recent trends in precipitation frequency and intensity over the Guinea Coast should be conducted using additional observational datasets to evaluate the performance of the satellite products based on bias recorded in this specific zone.
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Figure 1. Map of West Africa indicating the countries included in the study (Senegal, Niger, Ivory Coast, Benin, and Burkina Faso). Numbers represent the total annual rainfall (mm/year) between two isohyets (Northern/Southern). This region stretches from the semi-arid Sahel, on the southern fringes of the Sahara Desert, down to the moist tropical conditions bordering the Gulf of Guinea. 
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Figure 2. Comparison of monthly rain gauge stations and the corresponding nearest grid points in the Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) dataset for the considered five stations. Each colored dot represents a month, and the gray shaded area around the line represents the 95% confidence interval around the regression line. 
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Figure 3. Comparison of the monthly mean rain gauge stations and the corresponding nearest grid points in the CHIRPS dataset for the considered five stations. 
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Figure 4. Time evolution of PRCPTOT (mm), RR1 (days), CWD (days), CDD (days), R95P (mm), and SDII (mm/day), averaged over (a) Senegal and (b) Niger. The red line corresponds to the linear regression in the time series (1981–2015) and the blue curve corresponds to the best fit of the weighted least squares, shown as the best line with the minimal distance from the data. 
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Figure 5. Time evolution of PRCPTOT (mm), RR1 (days), CWD (days), CDD (days), R95P (mm), and SDII (mm/day), averaged over Burkina Faso. The red line corresponds to the linear regression in the time series (1981–2015) and the blue curve corresponds to the best fit of the weighted least squares, shown as the best line with the minimal distance from the data. 
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Figure 6. Time evolution of PRCPTOT (mm), RR1 (days), CWD (days), CDD (days), R95P (mm), and SDII (mm/day), averaged over a) Côte d’Ivoire and b) Benin. The red line corresponds to the linear regression in the time series (1981–2015) and the blue curve corresponds to the best fit of the weighted least squares, shown as the best line with the minimal distance from the data. 
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Figure 7. Spatial patterns of precipitation indices over Senegal: mean over the reference decade 1986–1995 (first column); change over the 1996–2005 decade (second column) and changes over the 2006–2015 decade relative to the reference decade (third column). Areas with symbol (x) are significant at a 95% confidence level. 






Figure 7. Spatial patterns of precipitation indices over Senegal: mean over the reference decade 1986–1995 (first column); change over the 1996–2005 decade (second column) and changes over the 2006–2015 decade relative to the reference decade (third column). Areas with symbol (x) are significant at a 95% confidence level.



[image: Climate 08 00084 g007]







[image: Climate 08 00084 g008 550] 





Figure 8. Spatial patterns of precipitation indices over Niger: mean over the reference decade 1986–1995 (first column); change over the 1996–2005 decade (second column) and changes over the 2006–2015 decade relative to reference decade (third column). Areas with the symbol (x) are significant at a 95% confidence level. 
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Figure 9. Spatial patterns of precipitation indices over Burkina-Faso: mean over reference decade 1986–1995 (first column); change over the 1996–2005 decade (second column) and changes over the 2006–2015 decade relative to the reference decade (third column). Areas with the symbol (x) are significant at a 95% confidence level. 
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Figure 10. Spatial patterns of precipitation indices over Côte d’Ivoire: mean over the reference decade 1986–1995 (first column); change over the 1996–2005 decade (second column) and changes over the 2006–2015 decade relative to the reference decade (third column). Areas with the symbol (x) are significant at a 95% confidence level. 
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Figure 11. Spatial patterns of precipitation indices over Benin: mean over the reference decade 1986–1995 (first column); change over the 1996–2005 decade (second column) and changes over 2006–2015 decade relative to the reference decade (third column). Areas with the symbol (x) are significant at a 95% confidence level. 
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Table 1. Data used for validation.
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	Country
	Station Name
	Latitude
	Longitude
	Altitude (m)
	Period
	Missing Value (%)





	Sénégal
	Dakar
	14.73
	−17.5
	28
	1998–2010
	7.92



	Burkina-Faso
	Ouagadougou
	12.35
	−1.52
	306
	1998–2010
	11.86



	Niger
	Niamey
	13.48
	2.17
	234
	1998–2010
	8.07



	Côte d’Ivoire
	Adiake
	5.3
	−3.3
	40
	1998–2010
	0



	Benin
	Cotonou
	6.35
	2.38
	06
	1998–2010
	14.6
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Table 2. Definition of the six Expert Team on Climate Change Detection and Indices (ETCCDI) rainfall-based indices used in the study.
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	Index
	Description Name
	Definition
	Units





	PRCPTOT
	Total annual precipitation
	total precipitation amount of wet days
	mm



	RR1
	Annual number of wet days
	Annual count of wet days
	days



	CWD
	Maximum consecutive wet days
	Maximum number of consecutive wet days
	days



	CDD
	Maximum consecutive dry days
	Maximum number of consecutive dry days
	days



	R95P
	Very wet days
	Total annual precipitation accumulated above the 95th percentile of 1981–2015
	mm



	SDII
	Simple daily intensity index
	Total annual precipitation averaged over wet days
	mm/day
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Table 3. Trend and mean values of PRCPTOT (mm per year and mm, respectively), RR1 (days per year and days, respectively), CWD (days per year and days, respectively), CDD (days per year and days, respectively), R95P (mm per year and mm, respectively), and SDII (mm/day per year and mm/day, respectively) averaged over each country. The significant results are indicated with the symbols ‘*’ when the Mann–Kendall test is highly significant (99% confidence level) and ‘**’ when it is significance (95% confidence level).
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1981–2015




	

	
Senegal

	
Niger

	
Burkina Faso

	
Côte d’Ivoire

	
Benin




	

	
Trend

	
Mean

	
Trend

	
Mean

	
Trend

	
Mean

	
Trend

	
Mean

	
Trend

	
Mean






	
PRCPTOT

	
0.3681

	
599.04 *

	
0.2941

	
175.73 *

	
0.3815

	
753.51 *

	
0.0588

	
1297.33

	
0.1261

	
1080.9




	
RR1

	
0.5227

	
52.40 *

	
0.4319

	
22.479 *

	
0.284

	
77.01 *

	
0.0387

	
106.55

	
0.126

	
101.07




	
CWD

	
0.3042

	
3.36 *

	
0.3311

	
1.61 *

	
−0.0487

	
3.40

	
−0.0185

	
2.78

	
−0.176

	
3.84




	
CDD

	
−0.4756

	
7.90 *

	
−0.5025

	
17.26 *

	
−0.4588

	
4.99 *

	
−0.075

	
10.01

	
0.0555

	
5.54




	
R95P

	
−0.1462

	
26.73

	
−0.3019

	
13.35 *

	
−0.0521

	
27.74

	
−0.0017

	
43.23

	
0.0353

	
0.77




	
SDII

	
−0.01462

	
11.10

	
−0.2874

	
6.95 *

	
0.2504

	
9.67 **

	
0.0723

	
12.17

	
0.2706

	
10.75 **
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