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Abstract

Drought is a recurrent phenomenon in the Sudano—Sahelian region of Cameroon. However,
it has received very little attention, especially, on its impacts on the growing season of
crops. To fill this gap, this study assessed the drought hazard using standardized precipita-
tion index at a 3-month scale, and phenology of the main crops in 19 rainfall stations in the
Sudano—Sahelian region of Cameroon for the period 1980-2012. The trend of drought was
studied using the Mann-Kendall technique. The agricultural drought hazard was quantified
based on its frequency and intensity. Results show that there is a significant trend toward a
more humid crop-growing period in the northern and southeastern parts of the study area,
but significant dry trends during the maize and peanut growing periods in the southwestern
part of the study area. Drought occurrence rates are 7.09, 4.22, and 3.17% for the moderate,
severe, and extreme, respectively. Areas featuring high and very high agricultural drought
hazards are distributed in the far north, central, and the southeastern parts of the study
domain. Furthermore, the Sahelian and Sudanian climatic conditions were found to be very
high agricultural drought hazard zones, especially, where the maize and peanut grain crops
are concerned. However, significant dry trends and very high agricultural drought hazard
zones during the maize and peanut growing periods are catastrophic for agriculture and,
therefore, food security.

Keywords Sudano-Sahelian region - Drought hazard - Drought occurrence - Growing
period - Phenology

1 Introduction

Drought is a regional, long-term phenomenon driven by regional climatic conditions
originating from a deficiency of precipitation that results in water shortage needed for
some anthropogenic activities (Adejuwon and Olaniyan 2018). Drought was frequently
recorded in both the sub-humid and semi-arid regions (Dai 2010), and relatively better
documented where populations tend to concentrate (Lugo and Morris 1982). Current
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climate studies predict that the driest zones of the world will become drier in the future,
indicating a risk of drought persistence in many arid, semi-arid, and dry sub-humid
zones, with greater and long-term negative impacts (ECOSOC 2008). For instance, the
Sahel is known as one of the largest semi-arid regions in the world. Livelihoods of the
rural Sahelian population rely mainly on rain-fed agriculture and livestock (Leisinger
and Schmitt 1995). The Sahelian region is characterized by high intra-annual variabil-
ity, which affects water resources and food security (Nicholson 1989, 1993; Barbé et al.
2002). Mohino et al. (2010) and Rodriguez-Fonseca et al. (2011) have shown that the
1970-1990 Sahel drought was linked to sea surface temperature (SST) anomaly pat-
terns in the major tropical ocean basins but the recent rainfall recovery has been largely
attributed to a climate change phenomenon from the mid-1990s, which is associated
with the Atlantic Multidecadal Oscillation (AMO). Moreover, numerous studies have
shown that rain in the Sudano—Sahelian region of West Africa is a result of organ-
ized Mesoscale Convective Systems (MCSs) (Dhonneur et al. 1981; Omotosho 1985;
Mathon et al. 2002; Fink et al. 2006).

In a recent review by the Intergovernmental Panel on Climate Change, it’s special
report on extreme events shows lack of detailed studies on the evolution of extreme
rainfall and drought frequency in West Africa due to lack of data (IPCC 2012). Particu-
larly, in Sahel West Africa, the number of rain gauge stations has decreased significantly
in recent years (Sanogo et al. 2015; Eklund et al. 2016). This low number of stations has
led to data unavailability. As a result, some studies on the Sahel West Africa such as
those carried out by Ali and Lebel (2008), and Zhang et al. (2017), used the geographi-
cal distribution of available data to delimit the Sahelian region. Despite these efforts,
no published study, to our knowledge, has been conducted in the Sudano—Sahelian zone
of Cameroon to assess the impacts of drought during crop-growing seasons. Therefore,
this study attempted to relate drought hazard characteristics with mean annual rainfall in
Sudano—Sahelian regions where agriculture is rain-fed.

Agriculture in Cameroon is mainly rain-fed; therefore, it strongly depends on cli-
mate. The Sudano—Sahelian region includes two administrative regions that account for
approximately 21% of the total area of Cameroon (PARM 2017). Agriculture is the main
economic activity of this region. During the period September 1982 to the year 2000,
this Sudano—Sahelian region has suffered from sixteen major droughts, which caused
poor water quality, water and food shortage, famine, locust invasion, and decreasing of
crop yield (MINEPDED 2016). This region is a major cultivator of cotton and cereal.
Cotton is the fourth highest exported crop in Cameroon, contributing about 9.5% to
the Gross Domestic Product (GDP) (Manyacka and Nguepjouo 2013). Other important
crops associated with the cotton production include corn, rice, peanut, millet, and sor-
ghum. However, since the 2000s, cereals have been the most affected crops during the
cotton crises, due to change in fertilizer supply by the “Société de Développement du
Coton (SODECOTON).” This change in fertilizer supply had as objective to improve
the cotton yields as the same fertilizers are needed for cereal cultivation (Folefack et al.
2014).

Some studies have associated the annual variability of crop yield to extreme flood
and drought events, which are becoming more frequent and severe due to climate change
(Molua 2006; Tingem et al. 2008b). Despite these agricultural activities, this region is
the poorest part of Cameroon. It is also occupied by the poorest population of the coun-
try with 56.3% of its population living below the poverty level (Donfack 1998; Tchiadeu
2000). Moreover, households are exposed to stresses related to food availability and pro-
duction, low income, accessibility, coupled by real and perceived effects of current climate
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variability (Molua 2012). This has increased the region’s vulnerability to agricultural risks
and food insecurity (PARM 2017).

Numerous studies have focused on the impact of climate parameters (precipitation, tem-
perature, radiations, onset, and length of the rainy season) on agriculture (Tingem et al.
2008b; Sultan et al. 2009) and on the development of vegetation cover in general (Manetsa
et al. 2011; Djoufack et al. 2012). Tingem et al. (2008b) used climate station data from
1979 to 2003 to validate two GCMs paired with an agronomic model to predict substan-
tial yield increases for bambara groundnut, soybean, and groundnut, as well as to study
changes in maize and sorghum yields due the climate scenario in the agricultural region
by 2100. Manetsa et al. (2011) and Djoufack et al. (2012) reported spatio-temporal effects
of seasonal rainfall and urban population growth with the normalized difference vegetation
index (NDVI) in North Cameroon for the period 1987-2002 based on the kriging method
at 1 km spatial resolution. Climatic parameters such as onset date and the length of the
rainy seasons explain the sensitivity of cotton production to drought (Sultan et al. 2009).
However, few studies have actually investigated the impacts of drought during the growing
season.

Several indexes may be used to evaluate drought duration and intensity. Some of these
indexes include the Standardized Precipitation Index (SPI; McKee et al. 1993) and the
Standardized Precipitation Evapotranspiration Index (SPEI; Vicente-Serrano et al. 2010),
both at the local and the global level (Zou et al. 2005; Raziei et al. 2008; Dai 2010; Shef-
field et al. 2012; Vicente-Serrano et al. 2014; Guenang and Kamga 2014; Ajayi and Ilori
2020). The SPI computation is based solely on the precipitation variable, while the SPEI
includes the potential evapotranspiration (PET) variable. Ajayi and Ilori (2020) showed
that there exists a strong correlation between SPI and SPEI over West Africa using the
regression plot at 95% confidence level. However, locally, SPI is the most frequently used
index, as it requires a single variable (precipitation), therefore fewer computing resources.
During SPI computation, Guenang and Kamga (2014) and Guenang et al. (2019) found
that the statistical distribution functions of gamma and Weibull were suitable for the study
of drought over the Sudano—Sahelian region.

This study aims to evaluate the agricultural drought hazard in the Sudano—Sahelian
region of Cameroon during the crop-growing season using SPI. The spatial distribu-
tion of drought hazard, intensity, and frequency was examined with a horizontal grid of
2.3 kmx 2.3 km at 0.5° spatial resolution (49,896 grid points cover study area). The results
of this study are useful in filling the existing gap in the literature on agricultural drought
hazards. It will also enable stakeholders to plan appropriate adaptation and resilience
measures in the West African Sahel. The paper is organized as follows: The current section
is the introduction; the next section describes the study area, the data utilized in the study,
and the computational methods. Section 3 presents and discusses the results of the study;
finally, the conclusion of the study is presented in Sect. 4.

2 Study area, data and method
2.1 Study area and data
The Sudano—Sahelian region of Cameroon lies in the latitudes 7°N to 13°N and longitudes

11.5°E and 16°E, with an area of about 100.000 km? as shown in Fig. 1. The major activ-
ity in the region is agriculture. It depends on cultivating crops such as millet, sorghum,
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Fig. 1 Map and administrative divisions of the study area located in the Sudano—Sahelian region and the
crop-growing zone. The country boundary in blue limit and the red line marks administrative divisions’
boundaries. The numbers indicate the geographical locations of the rainfall stations

groundnut, rice, maize, cowpea, and cotton, which are the main cash crops. This agricul-
ture is rain-fed and is greatly affected by drought. The annual rainfall range in this region is
1500 mm in the south and 300 mm in the north. There is a unimodal rainfall regime from
May to October with its peak recorded in August. Climatically, this study area falls within
the Sudano—Sahelian domain that portrays a high inter-annual variability in its whole area,
increasing from south to north. This may be attributed to the topography of the region
(Dassou et al. 2016), which features lowlands with altitudes within 95 and 795 m.

In this study, monthly precipitation data for the period 1980-2012 from nineteen mete-
orological stations were studied. The data were provided by the SODECOTON network
(Table 1). Few stations (less than 4%) have missing values. Dassou et al. (2016), recently
used most parts of this dataset. Our study focuses on the seasons of major crop cultivation
in northern Cameroon, for the period 1980-2012 (from the sowing season to the harvest-
ing season). The growing seasons of the seven major crops were considered in this study,
shown in Table 2.

2.2 Methodology
2.2.1 Standardized precipitation index (SPI)

To investigate drought occurrence in the study area, Standardized Precipitation Index (SPI)
was used. Compared with the other indices, SPI is based only on rainfall data and is not
affected by topography (He et al. 2011). The use of rainfall data only made SPI the most
suitable index for our study area due to data unavailability. In addition, SPI is able to dis-
tinguish droughts at different scales. This is beneficial for meteorology, agriculture, and
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Table 1 Geographical descriptions of the data, altitude, and the percentage of missing data

N° Stations Latitude(°N) Longitude(°E) Altitude(m) Missing (%)
1 Guetale 10.89 13.90 490 3.2
2 Maroua 10.575 14.27 428 0

3 Hina-marbak 10.369 13.85 544 3
4 Guidiguis 10.13 14.70 362 3

5 Doukoula 10.11 14.98 340 3

6 Kaélé 10.10 15.05 388 3.1
7 Guider 9.93 13.95 356 0

8 Bidzar 9.9 14.11 470 22
9 Pitoa 9.04 13.51 274 2.1
10 Sanguere 9.28 13.47 241 0
11 Fignole 8.56 13.05 523 0
12 Madingring 8.45 15.00 430 22
13 Touboro 7.77 15.36 500 4
14 Ndok 7.96 14.67 489 0
15 Mokolo 10.73 13.82 795 0
16 Mora 11.05 14.15 438 0
17 Waza 11.40 14.57 311 0
18 Yagoua 10.35 15.23 329 0
19 Garoua 09.35 13.37 242 0

Table2 The computation periods of the standardized precipitation index (SPI) values for drought estima-
tion during the different crop-growing seasons in Sudano-Sahelian region of Cameroon as defined by the
crop calendar. ( Source:http://www.fao.org/agriculture/seed/cropcalendar/cropcalendar.do)

Crop Season Period(Month)
Cotton/soybean May—October 6
Maize/peanut May-August 4
Sorghum/millet May-September 5
Rice June-November 6
Cowpea June-October 5

hydrology. In our study, a 3-month time step SPI was computed to study the characteristics
of drought in a short-range time scale affecting agricultural practices. SPI was calculated
by establishing a gamma distribution for different time scales for each month of the year.
This allowed establishing the classification values for SPI (McKee et al. 1993), the SPI val-
ues are summarized in Table 3.

2.2.2 Trends in drought

The non-parametric Mann-Kendall test (M-K; Mann 1945; Kendall 1955) was applied to
determine drought trends and the significance test in time series of the SPI (at a 3-month
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Table 3 Drought categories defined for SPI value, weight, and rating as assigned to each drought severity

theme, occurrence rate, respectively

SPI Drought severity Weight Occurrence rate Rating
0t0o—0.99 Mild drought - - -
—1.00to—1.49 Moderate drought 1 Low 1
Medium 2
High 3
Very high 4
—-1.50t0o—1.99 Severe drought 2 Low 1
Medium 2
High 3
Very high 4
<-2.00 Extreme drought 3 Low 1
Medium 2
High 3
Very high 4

timescale) from 1980 to 2012. This method is widely applied in hydro climatic trend analy-
sis (Dassou et al. 2016; Shiru et al. 2019; Ayugi and Tan 2018).

The test statistic Z was computed as follows:

S—1 .
4/ Variance(S) if §>0
Z= 0 ifS<0

S+1 :
4/ Variance(S) if§<0

where S was calculated with the following equation:

S=ni Zn: sgn(xj—xi)

1
1

i=1 j=itl
where
L x>x
sgn(xj —xi) =4 0 x=x
-1 x<x

(D

2

A positive value of Z shows an upward trend, while a negative value shows a downward

trend. 1Z1> 1.96 denoted the confidence level of 95%.

2.2.3 Drought hazard index (DHI)

The crop vulnerability to drought at different time scales was identified based on the fre-
quency of occurrences and severity of drought hazard (He et al. 2011). However, drought
occurrence is calculated during the growing season for each crop. The start of the growing
season in each station was defined as the planting month, while the end of the season was
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defined as the harvest month. The periods used for the calculation of the SPI and drought
occurrences for all the crops are given in Table 2. Each drought severity theme is given
a particular weight, and each feature of the theme is given a rating to compute drought
hazard. The weights and ratings used are described in Table 3. For each station, the per-
centage of drought occurrences was calculated as follows: occurrence rate of drought cat-
egory = (the number of drought category months in the 3-month time scale of SPI which
occurred in the growing season during 1980-2012) x 100%/ (total number of months dur-
ing 1980-2012).

In order to assess the risk of drought, it is necessary to analyze the drought hazard.
Drought hazard can be defined as the probability of occurrence of droughts (He et al.
2011). According to Eq. (3), the drought risk was calculated for each station, and then
interpolated over the study area. The drought hazard index used to analyze the spatial dis-
tribution characteristics of agricultural drought hazard in the study area was calculated as:

DHI = (MD,x MD,)) + (SD,x SD,) + (VD, x VD,) 3)

where MD, is ratings accorded to moderate drought occurrence classes. MD,, is weight
attributed to the moderate drought occurrence theme. SD, is ratings associated with severe
drought occurrence classes. SD,, is weight attached to the severe drought occurrence
theme. VD, is ratings of very severe drought occurrence classes, whereas VD, is weight
attached to very severe drought occurrence theme.

Meanwhile, to generate the spatial distribution map of drought hazard which was
between 6 and 24, the drought hazard was divided into four grades: low, medium, high, and
very high (Shahid and Behrawan 2008; He et al. 2011; Geng et al. 2015), according to the
Jenks natural breaks classification method (Jenks 1967) (Fig. 5).

2.2.4 Kriging interpolation

The kriging interpolation method was used to change the stations’ data into spatial data.
It was also used for the mapping of spatial extents of drought trend, occurrence rate of
drought, and DHI from station data. The GIS geostatistical analysis tool in R analysis soft-
ware was used for this purpose. Kriging is a stochastic interpolation technique (Journel
and Huijbregts 1978; Isaaks and Srivastava 1989) and is largely recognized as a stand-
ard approach for surface interpolation based on scalar measurements at different locations
(Shahid and Behrawan 2008). Djoufack et al. (2012) and Dassou et al. (2016) showed that
Kriging gives better global predictions than the Inverse Distance Weighting (IDW) in the
current study domain.

3 Results and discussion
3.1 Distribution of drought occurrences in the crop-growing season

Identifying the distribution of drought occurrences during the crop-growing season
allows a better interpretation of the drought hazard. This is because the drought occur-
rence rate could provide drought frequency information. Figure 2 shows the spatial
extent of moderate, severe, and extreme drought occurrences from a 3-month SPI
in the Sudano—Sahelian region of Cameroon. The results represented in three maps,
exhibited different patterns across the study area. The output of the study also showed
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Fig.2 Spatial distribution map of a occurrence rate of moderate drought (%), b occurrence rate of severe
drought (%), and ¢ occurrence rate of extreme drought (%) at a 3-month time step in Sudano—Sahelian
region

that the mean occurrence rates for moderate, severe, and extreme drought were 7.09,
4.22, and 3.17%, respectively. The observed spatial distribution of moderate droughts
(Fig. 2a) indicates that they tend to occur more frequently in the central (i.e., from
10 to 11°N), and in the southern parts (i.e., from 10°N downward). Severe droughts
(Fig. 2b) show a pattern slightly different from the moderate drought. The far north
part of the study area (i.e., from 11°N upward) was found to be mostly prone to severe
drought, whereas the central and eastern parts of the area were found to be moderately
prone. Figure 2c shows extreme droughts occurring in the central and southwestern
parts of the area with high frequency. The southeastern and far northern parts (i.e.,
from Guetale upward) show moderate frequency, while the southern and northern parts
show less frequency.

Moreover, Fig. 3 shows the occurrence rates of moderate, severe, and extreme
drought in the different stations studied. Among those stations, Sanguere, Hina-mar-
bak, and Waza were the least drought-prone regions, while Guider, Fignole, Kaélé, and
Guetale were the most drought-prone stations. Guenang and Kamga (2014) presented
heavy intensities and frequencies of drought in the Sahelian and in the Adamawa Pla-
teau regions represented by the Kaélé station which displayed moderate, severe, and
extreme drought occurrences of 12, 8, and 5%, respectively, from 1951 to 2005. Com-
pared to this earlier study, our research also aimed to reveal the heavy intensities and
frequencies of drought hazards in relation to the crop-growing seasons. It also agrees
with the findings of these earlier studies.
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Fig.3 Occurrence rates per 3 months for moderate, severe, and extreme drought of each station studied

3.2 Drought trends

Figure 4 shows that for the entire growing season, Z values of SPI were positive for over
half of the area, and Z values were greater than 1.96 in the northern and southwestern
part of the study area. This was also the case for the growing season of all other crops
(Fig. 4a—f). This means that the whole growing season had a wet trend during 1980-2012
in these regions. This result attained a 95% confidence level in the northern and southeast-
ern parts of the study area. Drought trends for the maize and peanut growing season had
a dry trend from 1980 to 2012 for over half of the area, which was more significant in the
southwestern part of this region during this period (Fig. 4f). Overall, these results show
more humid periods than drought periods, which are similar to the results of Sylla et al.
(2016) between 1983 and 2010 in the Sahelian part of West Africa. At the local scale,
this study also corresponds to another recent study by Shiru et al. (2020), who employed
the multi-model ensemble (MME) mean of bias-corrected General Circulation Mod-
els’ (GCMs) projections to Nigeria to reveal an increase in frequency of all categories of
droughts for all the growing seasons under all scenarios Shiru et al. (2019) noted that the
highest increase in drought frequency was observed during the corn-growing season in
Nigeria, which shares the same boundary and eco-climatic region with the Sudano—Sahe-
lian region of Cameroon. In light of this, this study recommends a further study to discuss
expected future droughts relative to these past documented drought events.

3.3 Spatial pattern analysis of drought hazard

As illustrated in Fig. 5, the Sudano—Sahelian zone observes mainly a moderate, high,
and very high drought hazard sequence accounting for an area percentage of 3.51, 59.93,
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Fig.4 Spatial distributions of Z values of SPI from 1980 to 2012 during: a the whole, b cowpea, ¢ rice, d
millet and sorghum, e cotton, and f maize and peanut growing season

and 36.56% respectively. On the other hand, the study area can be regrouped into one
broad high to very high drought hazard zone in the northern, southeastern, and central-
western parts (Fig. 5). Figure 6 indicates that Hina-marbak and Waza stations had very
high drought hazard, whereas Maroua had a moderate drought hazard. However, these
stations are localized in the semi-arid area.

Meanwhile, a global study conducted to assess the impacts of drought hazard on agri-
culture identified that areas in southern Nigeria are among the areas classified as high
to very high agricultural drought hazard zones in the world (Geng et al. 2015), where
the main crops grown in the area are yam, rice maize, millet, peanut, and sorghum. The
increasing frequency of droughts and their impact are also a focus of this study. This
study clearly demonstrated that the region is highly affected by the agricultural drought.
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Fig.5 Map of the drought 13
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3.4 Agricultural drought hazard for the main crops

Figure 7 indicates that the far north and southeast of the Sudano—Sahelian region of Cam-
eroon that mainly grows cotton, cowpea, rice, millet, and sorghum are very high drought
hazard zone. Maize and peanut are grown in the very high drought hazard zone of quasi-
totality part of the study area. Further, Table 4 shows that 53.73% of total Maize and pea-
nut growing area is located in a very high hazard area; cotton, millet and sorghum, rice, and
cowpea are 35.2%, 35.14%, 26.06%, and 31.7%, respectively. Drought losses are directly
related to agricultural drought. Tingem et al. (2008a) reported that generally during the
dry scenarios there was a slight decrease in maize yields (about 100-300 kg decrease/ha)
and an increase in yield variability across different locations. Other studies have shown
that maize and sorghum (both C4 crops) yields decreased by 14.6 and 39.9%, respectively,
across the whole country under GISS 2080 scenarios by baseline climate 2020 (Tingem
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Fig.6 Drought hazard index in different stations of the study area

et al. 2008b,c). On the other hand, Gérardeaux et al. (2012) predicted unexpectedly that a
climate change scenario between the years 2005 and 2050 in North Cameroon would have
a positive effect on cotton yields due to the expected increase in temperature and the ferti-
lizing effect of CO,. In general, previous studies, including Laux et al. (2010), focused on
the contribution of future climate change as it alters the availability of CO, which in turn
causes a direct fertilization effect while causing the indirect effects of expected tempera-
ture and precipitation change. These changes according to some early studies have a com-
bined positive impact on crops such as rice, cotton, and cowpea but detrimental to maize,
groundnuts, millet, and sorghum in our study area.

4 Conclusion

Drought is a phenomenon present in Cameroon and recurrent in the Sudano—Sahelian
region than elsewhere in the country. This study investigated the spatial characteristics of
drought hazard in North Cameroon based on the monthly precipitation data for the period
1980-2012 from 19 rainfall stations and the phenology data of main grain crops on a
2.3 kmx 2.3 km grid points interpolated in R software constructed using a 3-month Stand-
ard Precipitation Index (SPI). As agriculture is the major sector that suffers from the effects
of drought, the agricultural drought hazard was assessed. Furthermore, a comprehensive
drought hazard assessment was carried out and the spatial pattern of drought hazard in
the Sudano—Sahelian region of Cameroon was analyzed. This study came to the following
conclusions.
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Fig.7 The spatial patterns of drought hazard during cotton, maize or peanut, millet or sorghum, rice, and
cowpea growing season for the period 1980-2012

Table 4 Relationship between area percentage of drought hazard distribution and main grain crop planting

Drought hazard Main crop

Cotton Maize/peanut Millet/sorghum Rice Cowpea
Low 0 0 0.12 0 0.14
Moderate 10.1 0.45 15.12 7.25 10.43
High 54.70 45.82 49.72 66.70 57.73
Very high 35.20 53.73 35.14 26.06 31.70
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There is some spatial variability within the same rainfall domain. Most drought-prone
regions were located in the far north, central, and the eastern parts of the study area. More-
over, high and very high agricultural drought hazard zones were also distributed in these
areas. The area percentages of the medium, high, and very high agricultural drought hazard
zones were 3.51, 59.93, and 36.56%, respectively.

SPI MK trend test revealed a significant wet trend in almost all the growing seasons
and dry trend for the maize and peanut growing season during the 1980-2012 study
period in the northern and southeastern part and in the southwestern part of the study area,
respectively.

Most part of the study area was found to be very high agricultural drought hazard zones
for the growing of maize and peanut. This could be due to the occurrence of drought at
the beginning of the rainy season and a consequent increase in temperature, resulting in a
faster than normal growth of crops during the growing season of the studied crops. How-
ever, drought hazard analysis is the most important part of drought risk assessment as it
also allows for a study of socio-economic vulnerability. Our study on the analysis of agri-
cultural drought allows decision-makers to take adequate measures for adaptations in order
to reduce the impacts of climate change on agriculture, which is a source of revenue for the
entire country and subsistence for households in the Sudano—Sahelian region of Cameroon.

Acknowledgements The authors are thankful for the support service of SODECOTON for the provision
of data for this study. This work is part of the International Joint Laboratory’s research; “Dynamic of Land
Ecosystems in Central Africa: A context of Global Changes” (IIL DYCOCA/LMI DYCOFAC). We want to
extend our deep appreciation to the reviewers for taking the time and effort necessary to provide insightful
guidance of this work.

Author’s contribution All authors contributed to the study conception and design. NI, DAV, EFD, BOA, and
RN contributed to then conceptualization of the study. The first draft of the manuscript was written by NI,
and all authors commented on previous versions of the manuscript. All authors read and approved the final
manuscript.

Funding No funding was received for conducting this study.
Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of interest.

References

Adejuwon JO, Olaniyan SB (2018) Drought occurrence in the sub-humid eco-climatic zone of Nigeria. The-
oret Appl Climatol 137(3—4):1625-1636. https://doi.org/10.1007/s00704-018-2670-7

Ajayi VO, Ilori OW (2020) Projected drought events over west africa using RCA4 regional climate model.
Earth Syst Environ 4(2):329-348. https://doi.org/10.1007/s41748-020-00153-x

Ali A, Lebel T (2008) The Sahelian standardized rainfall index revisited. Int J Climatol 29(12):1705-1714.
https://doi.org/10.1002/joc.1832

Ayugi BO, Tan G (2018) Recent trends of surface air temperatures over Kenya from 1971 to 2010. Meteorol
Atmos Phys 131(5):1401-1413. https://doi.org/10.1007/s00703-018-0644-z

Barbé LL, Lebel T, Tapsoba D (2002) Rainfall variability in West Africa during the years 1950-90. J Clim
15(2):187-202. https://doi.org/10.1175/1520-0442(2002)0152.0.c0;2

Contemporary migration (2016) Qualitative methods in migration studies. p. 5-44. https:/doi.
org/10.4324/9781315603124-2

Dai A (2010) Drought under global warming: a review. Wiley Interdiscipli Rev Clim Change 2(1):45-65.
https://doi.org/10.1002/wcc.81

@ Springer


https://doi.org/10.1007/s00704-018-2670-7
https://doi.org/10.1007/s41748-020-00153-x
https://doi.org/10.1002/joc.1832
https://doi.org/10.1007/s00703-018-0644-z
https://doi.org/10.1175/1520-0442(2002)0152.0.co;2
https://doi.org/10.4324/9781315603124-2
https://doi.org/10.4324/9781315603124-2
https://doi.org/10.1002/wcc.81

Natural Hazards (2021) 106:561-577 575

Dassou EF, Ombolo A, Chouto S, Mboudou GE, Essi JM, Bineli E (2016) Trends and geostatistical inter-
polation of spatio-temporal variability of precipitation in Northern Cameroon. Am J Clim Change
05(02):229-244. https://doi.org/10.4236/ajcc.2016.52020

Dhonneur G (1981) Les amas nuageux mobiles. Principale composante de la meteorologie du sahel

Djoufack V, Fontaine B, Martiny N, Tsalefac M (2012) Climatic and demographic determinants
of vegetation cover in northern Cameroon. Int J Remote Sens 33(21):6904-6926. https://doi.
org/10.1080/01431161.2012.693968

Djoufack MV, Brou T, Fontaine B, Tsalefac M (2011) Variabilité intrasaisonniere des précipitations et
de leur distribution: impacts sur le développement du couvert végétal dans le Nord du Cameroun
(1982-2002). Sécheresse (Montrouge) 22(3):159-170

Donfack P (1998). Fallow vegetation in northern Cameroon. Typology, diversity, dynamics and produc-
tion. Doctoral dissertation, doctoral thesis state. University of Yaounde I, Cameroon

ECOSOC (2008) United nations economic and social council

Eklund L, Romankiewicz C, Brandt M, Doevenspeck M, Samimi C (2016) Data and methods in
the environment-migration nexus: a scale perspective. DIE ERDE—Jo Geograph Soc Berlin
147(2):139-152

Fink AH, Vincent DG, Ermert V (2006) Rainfall types in the West African Sudanian zone during the
summer monsoon 2002. Mon Weather Rev 134(8):2143-2164. https://doi.org/10.1175/mwr3182.1

Folefack D, Bakwowi J, Kpade P (2014) La crise de la filiere cotonniere et sécurité alimentaire au Nord
Cameroun. J Appl Biosci 75(1):6221. https://doi.org/10.4314/jab.v75i1.8

Geng G, Wu J, Wang Q, Lei T, He B, Li X, Liu D (2015) Agricultural drought hazard analysis during
1980-2008: a global perspective. Int J Climatol 36(1):389-399. https://doi.org/10.1002/joc.4356

Guenang GM, Kamga FM (2014) Computation of the standardized precipitation index (SPI) and its
use to assess drought occurrences in cameroon over recent decades. J Appl Meteorol Climatol
53(10):2310-2324. https://doi.org/10.1175/jamc-d-14-0032.1

Guenang GM, Komkoua MA, Pokam MW, Tanessong RS, Tchakoutio SA, Vondou A, Mkankam KF (2019)
Sensitivity of SPI to distribution functions and correlation between its values at different time scales in
Central Africa. Earth Syst Environ 3(2):203-214. https://doi.org/10.1007/s41748-019-00102-3

Gérardeaux E, Sultan B, Palai O, Guiziou C, Oettli P, Naudin K (2012) Positive effect of climate change
on cotton in 2050 by CO, enrichment and conservation agriculture in Cameroon. Agron Sustain
Dev 33(3):485-495. https://doi.org/10.1007/s13593-012-0119-4

He B, Lii A, Wu J, Zhao L, Liu M (2011) Drought hazard assessment and spatial characteristics analysis
in China. J Geog Sci 21(2):235-249. https://doi.org/10.1007/s11442-011-0841-x

IPCC (2012) Managing the risks of extreme events and disasters to advance climate change adaptation

Isaaks EH, Srivastava RM (1989) An introduction to applied geostatistics. Oxford University Press, Oxford

Jenks GF (1967) The data model concept in statistical mapping. Int Yearbook Cartography 7:186—190

Journel AG, Huijbregts CJ (1978) Mining geostatistics, vol 600. Academic press, London

Kendall MG (1955) Rank correlation methods. 1955. Charles Griffin, London

Laux P, Jdckel G, Tingem RM, Kunstmann H (2010) Impact of climate change on agricultural pro-
ductivity under rainfed conditions in Cameroon—a method to improve attainable crop yields by
planting date adaptations. Agric For Meteorol 150(9):1258-1271. https://doi.org/10.1016/j.agrfo
rmet.2010.05.008Leisinger

Leisinger KM and Schmitt K (1995). Survival in the Sahel: an ecological and developmental challenge.
ISNAR

Lugo AE, Morris G (1982) Los sistemas ecologicos y la humanidad (The ecological systems and human-
ity). Organization de los Estados Americanos, Monografia No. 32, Washington, D.C. (in Spanish)

MINEPDED (2016) Les conditions et les stratgies de lutte contre la scheresse au Cameroun. https://
www.droughtmanagement.info/wp-content/uploads/2016/10/WS6-CAMEROON.pdf

Mann HB (1945) Nonparametric tests against trend. Econometrica 13(3):245. https://doi.
org/10.2307/1907187

Manyacka E, Nguepjouo D (2013) Perspectives sociales et conomiques de la culture du coton au Cam-
eroun. http://www.cedcameroun.org/wp-content/uploads/2016/02/062013_LA-FIBRE-DU-DEVEL
OPPEMENT.pdf

Mathon V, Laurent H, Lebel T (2002) Mesoscale convective system rainfall in the Sahel. J Appl Mete-
orol 41(11):1081-1092. https://doi.org/10.1175/1520-0450(2002)0412.0.co;2

McKee TB, Doesken NJ, Kleist J (1993) The relationship of drought frequency and duration to time
scales. In Proceedings of the 8th Conference on Applied Climatology, 17(22): 179-183

Mohino E, Janicot S, Bader J (2010) Sahel rainfall and decadal to multi-decadal sea surface temperature
variability. Clim Dyn 37(3-4):419-440. https://doi.org/10.1007/s00382-010-0867-2

@ Springer


https://doi.org/10.4236/ajcc.2016.52020
https://doi.org/10.1080/01431161.2012.693968
https://doi.org/10.1080/01431161.2012.693968
https://doi.org/10.1175/mwr3182.1
https://doi.org/10.4314/jab.v75i1.8
https://doi.org/10.1002/joc.4356
https://doi.org/10.1175/jamc-d-14-0032.1
https://doi.org/10.1007/s41748-019-00102-3
https://doi.org/10.1007/s13593-012-0119-4
https://doi.org/10.1007/s11442-011-0841-x
https://doi.org/10.1016/j.agrformet.2010.05.008Leisinger
https://doi.org/10.1016/j.agrformet.2010.05.008Leisinger
https://www.droughtmanagement.info/wp-content/uploads/2016/10/WS6-CAMEROON.pdf
https://www.droughtmanagement.info/wp-content/uploads/2016/10/WS6-CAMEROON.pdf
https://doi.org/10.2307/1907187
https://doi.org/10.2307/1907187
http://www.cedcameroun.org/wp-content/uploads/2016/02/062013_LA-FIBRE-DU-DEVELOPPEMENT.pdf
http://www.cedcameroun.org/wp-content/uploads/2016/02/062013_LA-FIBRE-DU-DEVELOPPEMENT.pdf
https://doi.org/10.1175/1520-0450(2002)0412.0.co;2
https://doi.org/10.1007/s00382-010-0867-2

576 Natural Hazards (2021) 106:561-577

Molua E (2006) Climatic trends in Cameroon: implications for agricultural management. Clim Res
30:255-262. https://doi.org/10.3354/cr030255

Molua EL (2012) Gendered response and risk-coping capacity to climate variability for sustained food
security in Northern Cameroon. Int J Clim Change Strateg Manag 4(3):277-307. https://doi.
org/10.1108/17568691211248739

Nicholson SE (1989) Long-term changes in African rainfall. Weather 44(2):46-56. https://doi.
org/10.1002/5.1477-8696.1989.tb06977 .x

Nicholson SE (1993) An overview of African rainfall fluctuations of the last decade. J Clim 6(7):1463—
1466. https://doi.org/10.1175/1520-0442(1993)0062.0.co;2

Omotosho JB (1985) The separate contributions of line squalls, thunderstorms and the monsoon to the total
rainfall in Nigeria. J Climatol 5(5):543-552. https://doi.org/10.1002/joc.3370050507

PARM (2017) Evaluation des risques agricoles au Cameroun. https://p4arm.org/app/uploads/2018/06/annua
I-report-2017Web.pdf

Raziei T, Saghafian B, Paulo AA, Pereira LS, Bordi I (2008) Spatial patterns and temporal variabil-
ity of drought in western Iran. Water Resour Manag 23(3):439-455. https://doi.org/10.1007/s1126
9-008-9282-4

Rodriguez-Fonseca B, Janicot S, Mohino E, Losada T, Bader J, Caminade C, Voldoire A (2011) Interannual
and decadal SST-forced responses of the West African monsoon. Atmos Sci Lett 12(1):67-74. https://
doi.org/10.1002/as1.308

Sanogo S, Fink AH, Omotosho JA, Ba A, Redl R, Ermert V (2015) Spatio-temporal characteristics of the
recent rainfall recovery in West Africa. Int J Climatol 35(15):4589—4605. https://doi.org/10.1002/
joc.4309

Shahid S, Behrawan H (2008) Drought risk assessment in the western part of Bangladesh. Nat Hazards
46(3):391-413. https://doi.org/10.1007/s11069-007-9191-5

Sheffield J, Wood EF, Roderick ML (2012) Little change in global drought over the past 60 years. Nature
491(7424):435-438

Shiru MS, Shahid S, Chung E, Alias N (2019) Changing characteristics of meteorological droughts in Nige-
ria during 1901-2010. Atmos Res 223:60-73. https://doi.org/10.1016/j.atmosres.2019.03.010

Shiru MS, Shahid S, Dewan A et al (2020) Projection of meteorological droughts in Nigeria during growing
seasons under climate change scenarios. Sci Rep 10:10107. https://doi.org/10.1038/s41598-020-67146
-8

Sultan B, Bella-Medjo M, Berg A, Quirion P, Janicot S (2009) Multi-scales and multi-sites analyses of the
role of rainfall in cotton yields in West Africa. Int J Climatol. https://doi.org/10.1002/joc.1872

Sylla MB, Nikiema PM, Gibba P, Kebe I, Klutse NAB (2016) Climate change over West Africa: recent
trends and future projections. In: Yaro JA, Hesselberg J (eds) Adaptation to climate change and vari-
ability in rural West Africa. Springer, Cham, pp 25-40

Tchiadeu GM (2000) Calendriers des pluies et bilans hydriques au Cameroun, 1951-1993. Atelier national
de reproduction des theses

Tingem M, Rivington M, Bellocchi G (2008) Adaptation assessments for crop production in response to cli-
mate change in Cameroon. Agron Sustain Dev 29(2):247-256. https://doi.org/10.1051/agro:2008053

Tingem M, Rivington M, Bellocchi G, Azam-Ali S, Colls J (2008) Effects of climate change on crop pro-
duction in Cameroon. Climate Res 36:65—77. https://doi.org/10.3354/cr00733

Tingem M, Rivington M, Colls J (2008) Climate variability and maize production in Cameroon: simulating
the effects of extreme dry and wet years. Singap J Trop Geogr 29(3):357-370. https://doi.org/10.111
1/j.1467-9493.2008.00344.x

Vicente-Serrano SM, Begueria S, Lépez-Moreno JI (2010) A multiscalar drought index sensitive to global
warming: the standardized precipitation evapotranspiration index. J Clim 23(7):1696-1718. https://doi.
org/10.1175/2009jcli2909.1

Vicente-Serrano SM, Lopez-Moreno J, Begueria S, Lorenzo-Lacruz J, Sanchez-Lorenzo A, Garcia-Ruiz
IM, Espejo F (2014) Evidence of increasing drought severity caused by temperature rise in southern
Europe. Environ Res Lett 9(4):044001. https://doi.org/10.1088/1748-9326/9/4/044001

Zhang W, Brandt M, Guichard F, Tian Q, Fensholt R (2017) Using long-term daily satellite based rain-
fall data (1983-2015) to analyze spatio-temporal changes in the sahelian rainfall regime. J Hydrol
550:427-440. https://doi.org/10.1016/j.jhydrol.2017.05.033

Zou X, Zhai P, Zhang Q (2005) Variations in droughts over China: 1951-2003. Geophys Res Lett. https://
doi.org/10.1029/2004g1021853

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.3354/cr030255
https://doi.org/10.1108/17568691211248739
https://doi.org/10.1108/17568691211248739
https://doi.org/10.1002/j.1477-8696.1989.tb06977.x
https://doi.org/10.1002/j.1477-8696.1989.tb06977.x
https://doi.org/10.1175/1520-0442(1993)0062.0.co;2
https://doi.org/10.1002/joc.3370050507
https://p4arm.org/app/uploads/2018/06/annual-report-2017Web.pdf
https://p4arm.org/app/uploads/2018/06/annual-report-2017Web.pdf
https://doi.org/10.1007/s11269-008-9282-4
https://doi.org/10.1007/s11269-008-9282-4
https://doi.org/10.1002/asl.308
https://doi.org/10.1002/asl.308
https://doi.org/10.1002/joc.4309
https://doi.org/10.1002/joc.4309
https://doi.org/10.1007/s11069-007-9191-5
https://doi.org/10.1016/j.atmosres.2019.03.010
https://doi.org/10.1038/s41598-020-67146-8
https://doi.org/10.1038/s41598-020-67146-8
https://doi.org/10.1002/joc.1872
https://doi.org/10.1051/agro:2008053
https://doi.org/10.3354/cr00733
https://doi.org/10.1111/j.1467-9493.2008.00344.x
https://doi.org/10.1111/j.1467-9493.2008.00344.x
https://doi.org/10.1175/2009jcli2909.1
https://doi.org/10.1175/2009jcli2909.1
https://doi.org/10.1088/1748-9326/9/4/044001
https://doi.org/10.1016/j.jhydrol.2017.05.033
https://doi.org/10.1029/2004gl021853
https://doi.org/10.1029/2004gl021853

Natural Hazards (2021) 106:561-577 577

Affiliations

Ibrahim Njouenwe

t"2® . Derbetini Appolinaire Vondou'2® . Elisabeth Fita Dassou® -

Brian Odhiambo Ayugi*® - Robert Nouayou®

1

Laboratory of Environmental Modeling and Atmospheric Physics, Department of Physics,
University of Yaounde 1, P.O. Box 812, Yaoundé, Cameroon

Laboratoire Mixte International “Dynamique des écosystemes continentaux d’Afrique Centrale
en contexte de changements globaux” (LMI DYCOFAC), “Institut de Recherche pour le
Développement” (IRD, University of Yaoundé 1, IRGM), IRD P.O. Box 1857, Yaoundé,
Cameroon

Department of Meteorology, Climatology, Hydrology and Pedology, The National Advanced
School of Engineering, University of Maroua, P.O. Box 46, Maroua, Cameroon

Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control,
Collaborative innovation Centre of Atmospheric Environment and Equipment Technology,
School of Environmental Science and Engineering, Nanjing University of Information Science
and Technology, Nanjing 210044, China

Laboratory of Geophysics and Geoexploration, Department of Physics, University of Yaounde 1,
Yaounde, Cameroon

@ Springer


http://orcid.org/0000-0003-1616-2226
http://orcid.org/0000-0002-8681-5328
http://orcid.org/0000-0003-3660-7755

	Assessment of agricultural drought during crop-growing season in the Sudano–Sahelian region of Cameroon
	Abstract
	1 Introduction
	2 Study area, data and method
	2.1 Study area and data
	2.2 Methodology
	2.2.1 Standardized precipitation index (SPI)
	2.2.2 Trends in drought
	2.2.3 Drought hazard index (DHI)
	2.2.4 Kriging interpolation


	3 Results and discussion
	3.1 Distribution of drought occurrences in the crop-growing season
	3.2 Drought trends
	3.3 Spatial pattern analysis of drought hazard
	3.4 Agricultural drought hazard for the main crops

	4 Conclusion
	Acknowledgements 
	References




