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Abstract: Drought is a meteorological and hydrological phenomenon affecting environment, agri- 14 

culture, and socio-economic conditions, especially in the arid and semi-arid regions. A better un- 15 

derstanding of drought characteristics at short and long timescales is therefore crucial for drought 16 

mitigation and long-term strategies. This study evaluates for the first time the drought occurrence, 17 

duration and intensity over the Republic of Djibouti by using a long-term (1961 to 2021) rainfall 18 

time-series at Djibouti-Airport, completed by the CHIRPS precipitation product and local records 19 

from 35 weather stations. The drought is examined based on the Standardized Precipitation Evap- 20 

otranspiration Index (SPEI) and the Standardized Precipitation Index (SPI) at 3-, 12-, and 24-months 21 

timescales, to document short, medium and long duration events, respectively. The analysis re- 22 

vealed that the Eastern coastal region of the republic of Djibouti was the most affected by an in- 23 

creased drought incidence in the recent decades, with more than 80% of the extremely and severely 24 

dry events occurring within the period 2007–2017. By contrary, the Western regions recorded a pos- 25 

itive trend of its SPI indices during the period 1981-2021, due to the dominance of the June-Septem- 26 

ber (JJAS) rains which tend to increase. However, in the last decades, the whole country experienced 27 

the droughts of 2006/2007 and 2010/2011, which were the longest and most intense. Large-scale cli- 28 

mate variability in the Indo-Pacific region partly affects drought in Djibouti. SPI is significantly pos- 29 

itively correlated with the Indian Ocean Dipole during October-December (OND), while for JJAS it 30 

is negatively correlated with Nino3.4. This study provides essential information on the characteris- 31 

tics of drought in the Republic of Djibouti for decision makers to better plan appropriate strategies 32 

for early warning systems to adapt and mitigate recurrent droughts that put the country's agro- 33 

pastoral populations in a precarious situation. 34 

Keywords: Djibouti; drought characteristics; SPI; SPEI; CHIRPS; Trends 35 

 36 

1. Introduction 37 

Drought is a complex phenomenon that affects natural environments and socioeco- 38 

nomic systems in the world, which is characterized by abnormally dry weather over a 39 

period of time long enough to cause a serious hydrological imbalance [1]. It usually con- 40 

sists in a reduction of soil moisture content, groundwater level and volume of surface run- 41 

off that may induce crop failure, food shortage, and in the worst cases famine, epidemics 42 

and mass migration.  43 

In East Africa (EA), where extensive regions experience arid to semi-arid conditions, 44 

drought manifests itself as a natural endemic phenomenon [2, 3]. This region exhibits 45 
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some of the largest interannual rainfall variations in the world, resulting into large mag- 46 

nitude droughts [4, 5]. Drought has been one of the main causes of socioeconomic insta- 47 

bility in various nations, including Somalia, Kenya, and Ethiopia [6]. There have been a 48 

number of drought-related events that have occurred in the EA region in the recent dec- 49 

ades, resulting in massive crop failures, livestock deaths, and human casualties [7, 8]. Dur- 50 

ing the past few decades, the frequency of droughts in EA has increased from once every 51 

six years to once every three years and become widespread [6, 9]. There have been eight 52 

boreal spring droughts in the EA region in the last 16 years.  Over 13 million people in 53 

EA were affected by the drought from 2008 to 2010 [10]. Recent catastrophic events in the 54 

area were brought on by the Horn of Africa drought that lasted from 2010 to 2011 [11, 12]. 55 

In 2022, due several consecutive failed rainy seasons, it is forecasted that 16 million people 56 

will be in need of immediate food assistance, particularly in Somalia where the situation 57 

is catastrophic.  58 

Like most countries of East Africa, the Republic of Djibouti has been facing an un- 59 

precedented chronic drought during 2007-2011 resulting into high rates of cattle mortality, 60 

food insecurity, severe water and food shortages [13]. More than 120,000 people in rural 61 

areas (i.e., 50% of the rural population and 15% of the total population) are estimated to 62 

be victims of drought hazards in Djibouti [13]. This drought also caused an estimated 3.9% 63 

loss in Gross Domestic Product of the country [13, 14]. On the other hand, drought is one 64 

of the main factors of migration for rural agropastoral nomads towards urban areas in 65 

Djibouti [15]. However, the long-term spatial and temporal evaluation of drought occur- 66 

rences remain unexplored. This has resulted in poor preparedness and uninformed strat- 67 

egies for drought management in the country. Ozer and Mahamoud [16] analyzed 68 

changes in extreme precipitation between 1980 and 2011 in Djibouti based on annual sta- 69 

tistics from the single station of Djibouti Airport. They found a strong decline in precipi- 70 

tation (73%) during 2007-2011 compared to total average rainfall. Recently, Assowe et.al, 71 

[17] evaluated spatiotemporal variability of rainfall over the republic of Djibouti by using 72 

monthly data from 14 weather stations and high-resolution long-term satellite rainfall 73 

products. These two studies analyzed overall rainfall variability and trends in Djibouti, 74 

but no known study has ever attempted to assess the countrywide pattern of drought 75 

incidence. Therefore, there is a need for a critical investigation of long-term historical spa- 76 

tio-temporal patterns of droughts over the Republic of Djibouti.  77 

Numerous indices have been established to measure drought events and their fea- 78 

tures, including the Standardized Precipitation Index (SPI; [18]), Standardized Precipita- 79 

tion Evapotranspiration Index (SPEI; [19]), Palmer Drought Severity Index (PDSI; [20]), 80 

and the Soil Moisture Deficit Index (SMDI; [21]). Each of these indices takes into account 81 

one or more environmental factors including rainfall, temperature, and soil moisture, 82 

among others. SPEI and SPI, however, are some of the most often employed drought in- 83 

dicators for keeping track of meteorological, agricultural, and hydrological drought. SPI 84 

is globally recommended by the World Meteorological Organization (WMO) for drought 85 

assessment [22] and can be used to determine the anomalously wet or dry events on a 86 

particular time scale for any locations where precipitation records are available. SPI re- 87 

quires only precipitation data, while SPEI require additional potential evapotranspiration 88 

(PET) data to assess drought. Both indices can be computed over periods of time of vary- 89 

ing lengths, thus enabling to account for both short-term droughts (mostly meteorological 90 

droughts) and long-term events (generally of major hydrological and ecosystemic signif- 91 

icance). Thus, the key aim of this research is to study meteorological drought and its char- 92 

acteristics using the SPI and SPEI drought indexes over the Republic of Djibouti. 93 

In addition, to the best of our knowledge, the large-scale climate variability associ- 94 

ated with the occurrence of drought in Djibouti has not been specifically evaluated to date. 95 

El Niño-Southern Oscillation (ENSO), one of the prominent natural modes of climate var- 96 

iability originating from the tropical Pacific Ocean, impacts rainfall variability over East 97 

Africa [3]. Many studies demonstrated that ENSO partly controls June-September (JJAS) 98 

interannual rainfall variations in Ethiopia and ENSO was the ultimate cause of most 99 
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drought years in Ethiopia [23-25]. Other studies [26, 27] based on different datasets in East 100 

Africa region showed a strong connection between rainfall variability during the October- 101 

December (OND) season and the Indian Ocean Dipole (IOD), a seesaw in sea-surface tem- 102 

perature (SST) anomalies between the western and the western Indian Ocean. However, 103 

there is still an absence of any systematic analysis on the part of Djibouti's drought varia- 104 

tions explained by climate drivers such as ENSO and the IOD. Based on this fact, this 105 

study also examined the link between seasonal and annual drought occurrence in the Re- 106 

public of Djibouti and SST indices associated with global-scale climate variations. 107 

The present study is therefore the first one to comprehensively document the spatial 108 

and temporal variation of drought characteristics (frequency, severity, and intensity) in 109 

the Republic of Djibouti by using long-term (1961 to 2021) observed rainfall time-series 110 

combined with a merged (satellite and observed) precipitation product (CHIRPS). The 111 

drought occurrences are examined based on SPI and the SPEI indices at 3-, 12-, and 24- 112 

months timescales, to document short, medium and long duration events, respectively. 113 

Seasonal and annual trends of drought were described to assess whether there is any long- 114 

term change in drought characteristics in the country, as suggested by several studies in- 115 

dicating a decrease in the boreal spring (March-May) rains over parts of East Africa since 116 

the 1980s [3, 9, 28]. The aim is next to determine the drought-prone regions and to assess 117 

whether droughts occur simultaneously in the different parts of the Republic of Djibouti. 118 

The teleconnection between the global SSTs (e.g., IOD and ENSO) and seasonal and an- 119 

nual drought indices are also discussed. The results of this study could greatly help con- 120 

cerned decision makers to understand the spatiotemporal variation of droughts to subse- 121 

quently design appropriate drought mitigation and early warning systems in the Republic 122 

of Djibouti.  123 

This study is organized as follows; Section 2 provides a description of the study area, 124 

data, methods, and drought index. Section 3 presents the detailed results of the spatial 125 

and temporal variability of drought at seasonal and annual scales. Finally, conclusion and 126 

recommendation are presented in Section 4. 127 

2. Materials and data collection 128 

2.1. Study area 129 

The Republic of Djibouti is geographically located in the Horn of Africa facing the 130 

Red Sea and the Gulf of Aden (Figure 1). It is found within latitude 11–12.5° N and longi- 131 

tude 42–43.5°E. The neighboring countries are Eritrea in the north, Ethiopia in the west 132 

and south, Somalia in the southeast (Figure 1). Its coastline is extended to about 372 km 133 

distributed between the Gulf of Aden (80 km), the Red Sea (38 km), and the Tadjoura Gulf 134 

(254 km) [29]. Elevations in the country range from 150 meters below the sea level (Asal 135 

Lake) to over 2000 meters above the sea level (northern mountainous regions), while the 136 

east is lowland. 137 

The Republic of Djibouti has a low precipitation regime, with the mean annual rain- 138 

fall ranging from 60 to 300 mm [17]. The local climate is regulated by the complex topo- 139 

graphical features of the country and the proximity of the Indian Ocean. Rainfall variation 140 

in Djibouti is embedded in large-scale climate variability, particularly that associated with 141 

the El Niño Southern Oscillation and the Indian Ocean Dipole (IOD) [17]. Djibouti has two 142 

predominating seasons which are a cool season (winter) from October through April and 143 

a hot season (summer) from May through September [30]. In winter, the climate is char- 144 

acterized by northeast trade winds coming from the eastern Arabian Peninsula and the 145 

Gulf of Aden and an average temperature between 20 °C and 30 °C. In summer, westerly 146 

winds associated with the African-Asian monsoon circulation dominates [31] and average 147 

temperatures range from 30 °C to 45 °C. The potential evapotranspiration rate is very high, 148 

amounting to 2000 mm per year [32]. 149 

 150 
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Figure 1. Map and spatial distribution of the meteorological stations and elevation. The white dots in the map 

represent the 35 meteorological stations across the country. 

 151 

2.2.  Data source 152 

The availability of climate data in the Republic of Djibouti is limited. Monthly pre- 153 

cipitation from the “Agence Nationale de la Météorologie (ANM)” is recorded at Thirty- 154 

five (35) stations distributed across the country. They are mainly concentrated in the 155 

south-east of the country while the Nord-west (complex and rugged terrain) is less cov- 156 

ered (Figure 1). Most records started around 1961 and are analyzed here until 2021, but 157 

contain many gaps, and no data at all is available between 1991 and 2012 except at the 158 

Djibouti-Airport station which contains the most complete meteorological data available 159 

in the country, uninterrupted for the whole period of study (1961-2021). Figure 1 shows 160 

the administrative boundaries, elevation, and meteorological stations used in this study. 161 

The most fundamental barrier that hinders regional studies such as drought moni- 162 

toring is the long-term recording and quality of climatic data. Most ground observation 163 

in the Republic of Djibouti contain a long gap in the 1990s and 2000s. Accordingly, it is 164 

difficult to analyze the distribution of drought and climatic trends in space. For this pur- 165 

pose, the study used a satellite-based rainfall estimate from Climate Hazards Group In- 166 

frared Precipitation with Station observation (CHIRPS version 2.0). CHIRPS is a quasi- 167 

global (ranging from 50°S to 50°N) precipitation dataset mainly designed for monitoring 168 

droughts and other global environmental changes in data scarce regions such as East Af- 169 

rica [33]. The product is available at a high spatial resolution of 0.05° (  5 km) and on 170 

multiple time scales (e.g., daily to monthly) from 1981 to present. More details of the prod- 171 

uct can be found from [33]. 172 

CHIRPS was compared to other satellite rainfall estimates and reanalysis datasets in 173 

our previous study and the results revealed the good performance of CHIRPS compared 174 

to other datasets [17]. Ayugi et al. [34] also recommended CHIRPS for examination of 175 

long-term precipitation trends and for drought analysis in Kenya. On the other hand, 176 

CHIRPS datasets are among the most used products over East Africa and display the long- 177 

est time-series to date [35-37]. Overall, the CHIRPS datasets can be employed as an 178 
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alternative to in-situ datasets in a region characterized by scarcity of ground-based da- 179 

tasets for droughts characterization. 180 

 181 

2.3. Methodology 182 

2.3.1. Drought Analysis Procedures 183 

Drought indices with specific time-scales are important elements for drought moni- 184 

toring and management planning system [38]. The Standardized Precipitation Index (SPI; 185 

[18]) and the Standardized Precipitation Evapotranspiration Index (SPEI; [19]) are useful 186 

to assess drought events in arid-dominated regions such as East Africa [39]. In this study, 187 

the SPI and SPEI drought indices were used to identify the anomalous dry and wet con- 188 

ditions in the Republic of Djibouti. 189 

The SPI was developed to describe long-term meteorological drought. It is one of the 190 

most commonly used drought indexes and compares the normalized rainfall with average 191 

rainfall to express the deficit and excess of rainfall for a particular time period and climate. 192 

SPI is globally recommended by the World Meteorological Organization (WMO) for 193 

drought assessment [22]. The SPI was calculated based on long-term rainfall data for Dji- 194 

bouti-Airport station and CHIRPS regional rainfall indices with gamma distribution esti- 195 

mation method. The SPEI is an improved index for regional drought monitoring because 196 

of its ability to identify the effects of temperature on drought conditions [40]. The SPEI is 197 

mainly selected to evaluate the role of temperature through its influence on potential 198 

evapotranspiration (PET), which relates to global warming and the occurrence of drought 199 

[41]. The SPEI is quantified using precipitation (P) and potential evapotranspiration (PET) 200 

as input variables resulting in an index describing the water balance. Due to the limited 201 

availability data, the present study used the modified Hargreaves technique, which only 202 

requires precipitation, maximum, and minimum temperature datasets [42]. SPEI values 203 

were estimated by fitting historical observations into log-logistic distribution. More de- 204 

tails on the mathematical equations behind the calculations of SPEI and SPI can be found 205 

in [42]. 206 

2.3.2. Evaluating drought characteristics 207 

In order to examine the impact of drought events in the Republic of Djibouti, the 208 

study considers drought components of drought duration (D), drought frequency (F) and 209 

drought intensity (I). These parameters were used to detect the potential effects of climate 210 

change on drought characteristics in the context of global warming. 211 

To determine how frequently there are droughts (drought frequency of occurrence, 212 

F) in a given area, the following formula can be used [43]. 213 

 214 

F (%)=  n/N  x 100          (1) 215 

 216 

where n is the number of drought events (SPI/SPEI < −1.0) and  N  is the total num- 217 

ber of the months over the study period. The average drought duration (D) is the length 218 

of a drought episode (months) during which the drought index is consecutively above or 219 

below a truncation value. It can be calculated as follows [44]: 220 

 221 

𝐷 =
∑ 𝑑𝑖

𝑛
𝑖=1

𝑛
                 (2) 222 

 223 

Where d_i is duration of ith drought event and n is the total number of drought 224 

events. The intensity (I) of drought is used to measure the overall intensity of drought 225 

events and can be defined as follow: 226 

𝐼 =
1

𝑛
∑ 𝑆𝑃𝐼 \𝑆𝑃𝐸𝐼𝑖

𝑛
𝑖=1                  (3) 227 

 228 
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With n is number of drought occurrences in months with SPI/SPEI < −1. 229 

 230 

Additionally, one of the most significant benefits of SPI and SPEI is that they can be 231 

computed at various time scales, allowing us to factor in the influence of the variable's 232 

previous values in the computation. To assess and characterize the meteorological 233 

drought in the Republic of Djibouti, we have studied both short-term SPI/SPEI (3 and 6 234 

months) and long-term SPI/SPEI (12 and 24 months). According to [18], drought levels 235 

were classified according to the seven SPI and SPEI range of values as presented in Table 236 

1.  These drought severity classes were used to compute time series of drought indices 237 

(SPI and SPEI) based on monthly, seasonal annual timescale. 238 

 239 

Table 1. Classification of the severity of drought (or humidity) events on the calculation 240 

of SPI/SPIE [18]. 241 

SPI/SPEI classifications Catégories 

≤ -2.0 Extremely Dry 

- 1.99 – -1.5 Severely Dry 

- 1.49 – -1.0 Moderately Dry 

- 0.99 – 0.99 Near Normal 

1.0 – 1.49 Moderately Wet 

1.5 – 1.99 Severely Wet 

≥ 2.0 Extremely Wet 

 242 

3. Results 243 

3.1. Mean climatological patterns 244 

The spatial rainfall variability which is the key parameter influencing the occurrence 245 

of drought events is first analyzed. Based on the 35 rain-gauges station, the annual rainfall 246 

amount over the republic of Djibouti is presented in Figure 2. Rainfall in Djibouti is gen- 247 

erally erratic, infrequent and extreme wet and dry events can be observed in some years 248 

[45]. Rainfall amounts displayed high spatial variability which is largely associated with 249 

the altitudinal variation within the country. Orographic effects appear most prevalent in 250 

the highlands, where the rainfall gradient broadly follows terrain. The highest rainfall is 251 

found along a north–south discontinuous ridge (150 mm to 250 mm) while in the south- 252 

east and southwest of the country annual rainfall is between 100 mm and 150 mm. On the 253 

other hand, northeastern coastal regions receive less than 100 mm annually. 254 

In order to identify spatial patterns of droughts, a clustering method, the Hierarchical 255 

Agglomerative Clustering (HAC), is applied on mean monthly rainfall at the 35 stations 256 

over the period 1961–2021 (Figure 3). The spatial variability of rainfall regimes in Djibouti 257 

reveals the existence of two regions, that is a coastal region (EAST) and a continental re- 258 

gion (WEST). This regionalization (Figure 3) is further used to study the spatial variation 259 

of drought over the whole country in section 3.4. 260 

 261 
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Figure 2. Spatial distribution of mean annual rainfall over the Republic of Djibouti based on 35 meteorological 

stations. 

 262 

 263 

 
 

Figure 3. Dendrogram of the HAC of mean monthly precipitation, and map displaying the distribution of rainfall stations 

belonging to the two regions (WEST and EAST). 

Figure 4 show the mean monthly precipitation regime in the EAST and WEST regions 264 

averaged during 1961-2021 (Figure 4a and Figure 4b). The mean monthly of rainfall and 265 

temperature at Djibouti-Airport station which is part of the eastern region are presented 266 
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in (Figure 4c, Figure 4d). More rainfall is recorded during the MAM (March-April-May) 267 

season with a peak in April and decline by the end of May for the EST region (Figure 4a 268 

and Figure 4c). The whole country receives about the same amount of rainfall during this 269 

season (Figure 4a, Figure 4b and Figure 4c). The monthly rainfall peaks in April during 270 

MAM with ~15 mm is observed for both regions. June is the driest month across the coun- 271 

try. 272 

The Eastern part of the country receives more rainfall amounts than western part 273 

during OND (October-November-December) and JF (January-February). The MAM and 274 

OND are the two main wet seasons in most part of the East Africa countries [44, 46-47]. 275 

As indicated by Camberlin [48]. the equatorial regions and most of the Indian Ocean 276 

coastal plains have double-peak regimes with rains in the transition seasons (MAM and 277 

OND). JJAS (June-July-August-September) includes the wettest period in the western part 278 

of the country lasting from July to September with a peak in August. By contrast, the East- 279 

ern area receives a small amount of rain in July–August (Figure 4a and Figure 4c). The 280 

July–September rainy season is more widespread Ethiopia and covers the entire country 281 

with a steep gradient from north-west to south-east close to Djibouti [49]. The minimum 282 

and maximum air temperatures at the airport station are presented in Figure S1 in sup- 283 

porting information files. Average monthly temperatures range from 25.2°C in January to 284 

36.8°C in July (Figure 4d). 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 
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Figure 4. Mean monthly climatology over the Republic of Djibouti averaged during 1961-2021: (a) and (b) indicate the 

mean monthly precipitation regime in the EAST and WEST regions as presented in Figure 3. The mean monthly 

rainfall and mean air temperature at the airport-station are presented in (c) and (d) respectively. The box and whiskers 

indicate the interquartile range of the observed changes in rainfall and temperature climatology. The red horizontal 

line in each box represents the median. The bottom and top of the boxes denote the 25th and 75th percentiles, 

respectively, while the top of the whiskers shows the most extreme values. 

3.2. Temporal variation of SPI and SPEI 295 

The assessment of the short and long-term of SPI index issued from Djibouti-airport 296 

station exhibited the existence of dry and wet events throughout the study period (Figure 297 

5). The temporal variations of SPEI for the different time scale are presented in Figure S2 298 

in supporting information files. As expected, the drought events are more frequent with 299 

shorter durations for 3-month SPI compared to the 12-month, and 24-month SPI (Figure 300 

7a). These results agree with those of [50] who found a decreasing trend in frequency of 301 

the wet and dry periods with increase in SPEI and SPI timescales. During 1961–2006, few 302 

drought events were recorded in Djibouti. For instance, moderate to severe drought con- 303 

ditions were observed in 1986, 1971 and 1981. Droughts were more severe and persistent 304 

during 2007–2018 than those during other periods, as revealed by both indices. It was 305 

evident that drought events increasingly occurred, especially after 2007 with high 306 

(a) 

(c) 

(b) 

(d) 
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intensity and duration (Figure 5b). As indicated by [51], droughts at the SPI-12 or larger 307 

timescales tended to persist much longer. The SPEI results detected the same period of 308 

drought, but the drought is much more pronounced with the SPEI than with the SPI (Fig- 309 

ure S2 in supporting information files). Because SPEI takes into account evapotranspira- 310 

tion, it is more sensitive to changes in drought, so there are some differences with SPI 311 

results further shows that the most intense drought (SPI = -2.19) based on SPI 3 occurred 312 

between October to December 1981. For the 12-month SPI, the most intense drought (SPI 313 

= -1.65) occurred between January to December 2013. On the other hand, based on SPI-12 314 

and SPI-24 (as well as SPEI-12 and SPEI-24), the 2010-2011 and 2013-2015 drought events 315 

were the most severe experienced in Djibouti (Figure 5b, Figure 5c). These drought events 316 

were found to have large scale impacts in the Horn of Africa on the environment and 317 

society [52]. The 2010–2011 Horn of Africa drought caused a wide range of food insecurity 318 

situation in the region [12, 53-54]. Rainfall was at least 50% to 75% below average in the 319 

Horn of Africa regions. 320 

 321 

 

 (a) 



Climate 2021, 9, x FOR PEER REVIEW 11 of 23 
 

 

 

 

 

 

 

 

Figure 5: Temporal evolution of dry events (red color) and wet event (blue color) for SPI short-term and long-

term during the period 1961–2021: (a) presents short dry periods at three months scale (SPI-3), (b) shows wet 

and dry periods at 12-month scale (SPI-12) and (c) represents a long-dry period at 2-year scale (SPI-24). 

 322 

(b) 

(c) 
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Drought duration, intensity and frequency are important properties for droughts 323 

characterization. Table 2 present the mean duration, frequency and intensity of droughts 324 

at various timescales over the Djibouti-airport station during 1961–2021 for both SPI and 325 

SPEI indexes. Drought and wet duration tend to increase with the SPI and SPEI timescales. 326 

The average drought durations were 2.77 and 6.93 months for SPI-3 and SPI-12 and 2.40 327 

and 5.63 months for SPEI-3 and SPEI-12 respectively. SPI index revealed high frequency 328 

of drought than SPEI ranging between 20.53% and 26.01% (Table 2). The average drought 329 

intensity varies between -1.68 for SPI-3 to -1.28 for SPI-12. This suggests that drought in- 330 

tensity decreases with the timescale. 331 

 332 

Table 2. Drought characterization (duration, Frequency and intensity) of occurrence for dry ad wet events at Djibouti airport 333 

station over the period 1961-2021. 334 

 Dry Wet 

 Duration Frequency  Intensity Duration Frequency Intensity 

SPI-3 2.77 24.89 -1.60 2.40 18.16 1.32 

SPI-6 3.34 20.53 -1.32 3.62 20.12 1.38 

SPI-12 6.93 21.62 -1.28 8.03 20.16 1.39 

SPI-24 20.33 26.01 -1.30 12.23 23.45 1.23 

SPEI-3 2.40 19.04 -1.39 2.94 19.73 1.45 

SPEI-6 3.56 19.12 -1.38 5.32 20.51 1.42 

SPEI-12 5.63 18.72 -1.34 8.72 21.78 1.41 

SPEI-24 9.73 20.59 -1.35 11.69 21.44 1.36 

 335 

Figure 6 shows the long-term temporal variation in the occurrence of drought in the 336 

district of Djibouti-ville, the country's capital, where the meteorological station at Djibouti 337 

airport, which contains the most comprehensive meteorological data in the country, is 338 

located. According to table 2, the evaluation of drought and wet events were classified as 339 

moderate, severe, and extreme at 3-months timescales (Figure 6 and Figure S3). Analysis 340 

of SPI-3 at the Djibouti-airport exhibited recurrent drought events during the period 1961- 341 

2021 (Figure 6a). The SPI-3 results show that the existence of moderate and severe drought 342 

cases between 1961 and 2000. Only three extremes drought events occurred in this period 343 

(1962, 1980 and 1997). However, the extreme drought incidences were intensified since 344 

2003, yielding critical situations in Djibouti. 12 extremes drought events were identified 345 

between 2003 and 2021 accounting more than 80% of total extreme drought in Djibouti 346 

since 1961. In contrast, no severe wet conditions were recorded between 2003 and 2017 347 

and the moderate wet events were still low indicating significant rainfall decrease in this 348 

period (Figure S3). The analysis of SPEI-3 showed moderate to severe drought in Djibouti 349 

but does not clearly indicate the existence of extreme dry events (Figure 6b). The number 350 

of wet years remained the same both for SPEI and SPI values (Figure S3), but the wet 351 

severity of the SPEI was higher than SPI. 352 

 353 
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Figure 6. Temporal variation of SPI and SPEI at 3-month timescale for moderate, severe, and extreme drought 

events at Djibouti-airport from 1961 to 2021. Drought event is considered only for the period in which the 

SPEI/SPI ≤ -1 for 3-months timescale. Drought events are divided into three main categories, namely: extreme 

(SPI/SPEI ≤ −2.00), severe (−1.50 > SPI/SPEI > −1.99) and moderate (−1.00 > SPI/SPEI > −1.49). 

3.3. Annual and seasonal variations of drought 354 

In this section we analyzed the SPI index on a seasonal scale to assess whether the 355 

drying up of the recent decades in Djibouti is associated with a specific season (Figure 7). 356 

The analysis of SPI values at a seasonal scale clearly shows the existence of severe and 357 

extreme droughts events in any season, although the index being standardized it cannot 358 

be used to compare the severity of droughts between seasons (Figure 7a). Several extreme 359 

(a) 

(b) 
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dry events have been occuring since 2009 during the JF (January-February) season, indi- 360 

cating a strong rainfall decline in this season. The JJAS season experienced the longest 361 

recurrent drought events during 1970s and 1980s (Figure 7c). Williams et al. [55] docu- 362 

mented a decline in JJAS rainfall in the Horn of Africa from 1970 to 1989, which they at- 363 

tributed to the warming of the southern tropical Indian Ocean. It was followed by wetter 364 

conditions, interrupted by some dry events (e.g., 1996-97, 2004, 2011, 2018). However, a 365 

consistent rainfall decline occurred between 2005 and 2017 (Figure 7e). 366 

The SPI index at MAM season showed that moderate wet periods started from the 367 

year 1981 until 1988 (Figure 7b). The most severe wet event is observed in 1989 which is 368 

the wettest years ever registered in Djibouti, with rainfall amount exceeding 450 mm/year 369 

[17]. This period was followed by alternating wet and dry MAM seasons, then an exten- 370 

sive, almost uninterrupted drought period from 2006 to 2017. On the other hand, the OND 371 

season experienced a more regular alternation between severe dry events and wet events 372 

(Figure 7d). Two extremes dry events occurred for OND at 2012 and 2016. However, as 373 

for MAM, moderate to severe dry events occurred from 2006 to 2017 in the OND season 374 

(Figure 7b-7d). This period was characterized by a persistent rainfall decline in these sea- 375 

sons, which both contributed to the prolonged drought conditions as displayed above in 376 

the monthly SPI index. The MAM and OND seasons are actually the wettest seasons in 377 

the eastern parts of Djibouti [17]. Limited precipitation in both the October–December 378 

2010 and March–May 2011 rainy seasons were the main causes of 2010-2011 droughts in 379 

the Republic of Djibouti (Figure 7b-7d).  380 

In the larger East African region, the MAM long rains season is the primary rainy 381 

season [9, 56]. Nicholson [9] indicated that the greatest changes in drought appear to have 382 

occurred during the long rains (MAM).  As agriculture in the region is largely dependent 383 

on rainfall, the decline in the MAM rains season has had major consequences for food 384 

insecurity [9, 11, 26]. 385 

 386 
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Figure 7. Annual and seasonal variability of the SPI index over the period 1961-2021 at the Djibouti Airport 

station. 

3.4. Trends and spatial patterns of drought since 1981 387 

In view of the increased drought conditions of the recent decades in Djibouti, a focus 388 

is made on the period 1981-2021 using both observed (Djibouti-Airport station) and 389 

CHIRPS data. The aim is to quantify the linear trends of the SPI computed at different 390 

timescales and to assess their spatial patterns by considering the two sub-regions defined 391 

in section 3.1 (Figure 8, Table 3). SPEI is not presented here since it was shown to broadly 392 

display the same evolution. Due to the interrupted data records during the 1991-2012 in 393 

all stations of the country (except for Djibouti-airport station), CHIRPS datasets were used 394 

to evaluates the spatial variability of drought and its trends over the whole country. 395 

At Djibouti-Airport, the annually-averaged SPI values generally show negative val- 396 

ues, suggesting drying trends. The observed data depicted a significant increasing 397 

drought trend (P<0.01) for all the SPI timescales (SPI-3, SPI-12 and SPI-24). However, 398 

CHIRPS showed an insignificant drying tendency for SPI-3 and SPI-12 but a significant 399 

trend for the long-term SPI-24 index. The stronger trend found for the longest SPI time- 400 

scales indicate that while there was only a moderate increase of short duration droughts, 401 

there has been a marked increase in prolonged drought events.  402 

Figure 9 shows the time series of SPI index at 3-, 12- and 24-months for the east and 403 

west during 1981-2021. In 3-months, moderate to severe drought were observed for both 404 

climate zones. The SPI-12 and SPI-24 show the most prominent drought years in the Re- 405 

public of Djibouti. At a country scale, the analysis of the SPI-3 time series showed a non- 406 

significant decreasing trend in the eastern parts of Djibouti (Table 3, Figure 9). Likewise, 407 

SPI-12 and SPI-24 time series exhibited a non-significant drying tendency over the eastern 408 

regions. This seems to indicate that the coastal region may be the driest area in Djibouti. 409 

This absence of significant trends is due to the fact that, while there has been a prolonged 410 

drought between about 2002 and 2016, more recent years recorded much wetter condi- 411 

tions (Figure 9) Using the CHIRPS high resolution dataset, Gebrechorkos et al. [36]  412 

found increasing drought in large part of East Africa region by analyzing the long-term 413 

trend in the SPI 3, 6, and 12-month but their study was restricted to the period ending in 414 

2016, therefore not including some wetter years which occurred later on.  415 

In the Western part of the country, contrary to the Eastern sub-region, the SPI trends 416 

over 1981-2021 are positive, and even significant (P<0.05) for SPI-12 and SPI-24 (table 3). 417 

This is due to the fact that the 1980s were particularly dry years (figure 9), as in much of 418 

Ethiopia, Sudan and the Sahelian region. Droughts reoccurred recurrently between 2003 419 

and 2016. This well correlates to the extended drought period found in the Eastern sub- 420 

region, but the droughts in the West were interrupted by periods of higher rainfall. 421 

Drought actually seems to affect the whole country at the same time (e.g., 1984, 2006, 2009, 422 

2013 and 2015) but the severity is higher in the eastern part on a regional scale. In addition, 423 

drought durations are much longer in the east than in the west as demonstrated by SPI- 424 

24. 425 
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The contrasted trends for the Eastern and the Western sub-regions are partly related 426 

to their different rainfall regimes, because the JJAS rains have a dominant part in the West, 427 

while in the East the OND and JF rains have a bigger share of the annual rainfall. At Dji- 428 

bouti-Airport, a significant negative trend (drier conditions) is found during the JF and 429 

MAM seasons in the observation (table 4). CHIRPS also shows a negative trend in these 430 

seasons but it is only significant (p < .05) in JF season. For the Eastern and Western indices, 431 

consistent negative trends are similarly found in both JF and MAM, but none is significant. 432 

JJAS is the only season experiencing a positive trend (wetter conditions) for both observa- 433 

tion and CHIRPS. It is statistically significant (P<0.05) in both the Western and Eastern 434 

sub-regions, though not at Djibouti-Airport. The JJAS season is the main rainy season in 435 

the northern and northeastern parts of East Africa [57]. Teshome and Zhang [58] found a 436 

positive trend over the period 1980-2015 over most parts of Ethiopia, thereby indicating 437 

that the drought occurrence is decreasing in the JJAS season. Using CHIRPS to compute 438 

drought indices, Brown et al. [59] found that, over the period 1982–2014 in northeastern 439 

Ethiopia (near Djibouti), there were strong but contrasting trends between March–June 440 

(increasing drought) and June–September (increasing precipitation). These mimic the 441 

trends found over the Republic of Djibouti. The greater share of the JJAS rains in the West 442 

(which have a positive trend) with respect to the MAM and JF rains (generally showing a 443 

negative trend) explain that this region does not show the same overall evolution of the 444 

SPI than the Eastern region. 445 

 446 

  

  

  

Figure 8. Interannual variations and linear trends of the annual mean of the SPI-3, SPI-12 and SPI-24 indices at the 

Djibouti-airport (left panels: observed data; right panels: CHIRPS data at the co-located grid-point) during 1981-2021. 
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 447 

 448 

Table 3. Linear trend values of SPI-3, SPI-12 and SPI-24 at Djibouti-Airport station (observed and CHIRPS data) and in the two sub- 449 

regions over 1981-2021 period. 450 

 SPI-3 SPI-12 SPI-24 JF MAM JJAS OND 

Aiport-Observation 
Trend - 0.60 -1.42 - 1.68 - 1.96 - 1.51 1.02 - 0.37 

P-values 0.028 0.002 0.000 0.003 0.004 0.06 0.51 

Airport-CHIRPS 
Trend - 0.19 -0.54 - 1.09 - 1.37 -0.74 0.47 0.19 

P-values 0.49 0.24 0.03 0.01 0.18 0.41 0.73 

East-CHIRPS 
Trend -0.08 -0.11 -0.40 -0.85 -0.72 1.44 0.312 

P-values 0.75 0.80 0.45 0.11 0.19 0.005 0.56 

West-CHIRPS 
Trend 0.44 0.96 1.32 -0.56 -0.65 1.72 0.60 

P-values 0.11 0.019 0.006 0.29 0.22 0.000 0.26 

Note: A trend significant at the 5% level is marked with bold font. 451 

 452 

 453 

3.4. Relationship between droughts and SST indices 454 

  

  

  

Figure 9. Spatiotemporal variation of SPI index for EAST (left panels) and WEST (right panels) sub-regions 

computed with CHIRPS during 1981-2021. 



Climate 2021, 9, x FOR PEER REVIEW 18 of 23 
 

 

To understand the large-scale climate conditions associated with the occurrence of 455 

drought events, teleconnections with global SST (Nĩno3.4 and IOD) are analysed using 456 

the Hadley Centre Global Sea Ice and Sea Surface Temperature (HadISST1.1) dataset [60]. 457 

Many studies [61-65] demonstrated that the variability of large-scale climate oscillations 458 

in the Indo-Pacific region (e.g., IOD and ENSO) is responsible for the occurrence of 459 

droughts in East Africa by modulating the rainfall patterns. Analysing the correlation be- 460 

tween SSTs and drought indices allows to depict whether there is a relationship between 461 

the occurrence of dry and wet years in Djibouti and IOD and Nino3.4. The correlations 462 

between seasonal (JJAS and OND) SPI for both observation and CHIRPS with the IOD 463 

and Nino3.4 indices during 1981-2021 are presented in Figure 10 and Table 4. Drought 464 

indices in OND seasons show a positive correlation with both SST indices (Table 4). How- 465 

ever, IOD appears to have the largest influence with significant correlation values of 0.36 466 

and 0.41 for SPI observation and CHIRPS respectively. As an example, the wet event in 467 

2019 (OND) causing devastating floods in Djibouti city is linked with a positive IOD 468 

anomaly (Figure 10). During MAM, there is also a significant negative correlation (-0.33) 469 

between SPI and IOD, although the correlation is moderate. SPI indicate non-significant 470 

negative correlation in both SST indices. Significant positive correlation with IOD is ob- 471 

served in the eastern and western region (Table 4). These results are in agreement with 472 

the previous studies showing a strong forcing of the OND seasonal rains further south in 473 

Equatorial East Africa by ENSO and the IOD, while the MAM rains are only weakly re- 474 

lated to Indo-Pacific SST anomalies. Changes in SST gradients between the Warm Pool 475 

area and nearby equatorial oceans have often been suggested to explain the protracted 476 

drought which affected Eastern Africa in the early period of the twenty-first century dur- 477 

ing this season (including the Djibouti area as demonstrated above), but there is still much 478 

uncertainty on its real cause [3, 26, 66-67].  479 

During JJAS, the SPI is negatively correlated with Nino3.4, hereby suggesting the 480 

influence of El-Niño events on drought occurrence in this season. CHIRPS indicate a neg- 481 

ative significant correlation (-0.55) between Nino3.4 and SPI at the airport station and the 482 

two sub-region (-0.43). For instance, the drought incidence in 2015 (JJAS) is associated 483 

with an El Niño year (Figure 10). Droughts driven by El Niño were found to have large 484 

scale impacts in the East Africa countries [50, 51]. Recently, Anose et al [68] indicated that 485 

the JJAS Kirmet season droughts in Ethiopia was highly correlated with global climate 486 

indices such as Nino3.4. Getachew [68] also reported that the recent El Niño-induced 487 

drought of 2015/2016 has led to severe impact in Ethiopia pastoralist area. The large-scale 488 

climate variability in which Djibouti is influenced are meaningful to develop in the future 489 

to better anticipate persistent droughts or devastating floods in the country. 490 

 491 

 492 

 493 

 494 

 495 

 496 

 497 

Table 4. Correlation between Seasonal SPI and the IOD and Nino3.4 indices over 1981-2021 period. A statistically significant 498 

correlation (P < 0.05) is indicated in bold. 499 
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  Variables JF MAM JJAS OND 

SPI-Airport 
(observation) 

Nino3.4 0.30 -0.13 -0.27 0.19 

IOD -0.34 -0.33 -0.06 0.36 

SPI-Airport (CHIRPS) 
Nino3.4 0.46 0.10 -0.55 0.22 

IOD -0.01 -0.21 0.06 0.41 

SPI-EAST (CHIRPS) 
Nino3.4 0,47 0,16 -0,43 0,19 

IOD 0,08 -0,18 0,1 0,4 

SPI-WEST (CHIRPS) 
Nino3.4 0,46 0,15 -0,43 0,25 

IOD 0,02 -0,15 0,04 0,41 

 500 

 501 

 502 

  

  

Figure 10. Time series of seasonal variability (JJAS and OND) of SPI observation and CHIRPS at the Airport compared with IOD 

and ENSO indices during 1981-2021. 

4. Conclusions 503 

This study provides for the first time a description of temporal and spatial variation 504 

of drought in the Republic of Djibouti for the period of 1961–2021. The dryness and wet- 505 

ness patterns were assessed by characterizing the trends, intensity, duration, and frequen- 506 

cies at seasonal and interannual level through the SPI and SPEI indexes at 3-, 12- and 24- 507 

month time series. Based on the Hierarchical Agglomerative Clustering, two sub-regions 508 

with different climate variability were identified from east to west. The most important 509 

results of this work can be concluded as follow: 510 

- The results of temporal evolution of SPI and SPEI indexes indicate the existence 511 

of moderate and severe drought incidences between 1961 and 2000 at 3 months timescale. 512 

However, 12 extremes drought events have been detected by SPI-3 since 2003, represent- 513 

ing more than 80% of the total extreme drought in Djibouti since 1961, 514 
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- As expected, drought events of shorter duration (detected by 3-month SPI) are 515 

more frequent. However, the very long drought periods detected by 12-month, and 24- 516 

month indices may have more adverse effects. The longest and most intense dry period 517 

was 2007–2017 for both SPI and SPEI index, but the drought is much more pronounced 518 

with SPEI than with the SPI. Within this period, the whole country experienced the 519 

droughts of 2010-2011 and 2013-2015 but, the severity of drought was much higher at 520 

eastern region than western regions. 521 

- SPI results from all timescales showed decreasing trends for both observation 522 

and CHIRPS rainfall estimate in the eastern part. In the Western part of the country, con- 523 

trary to the Eastern sub-region, the SPI trends are positive and even significant (P<0.05). 524 

The contrasted trends for the Eastern and the Western sub-regions are partly related to 525 

their different rainfall regimes, because the JJAS rains have a dominant part in the West. 526 

The analysis also shows that the main drought events of the recent decades tend to affect 527 

the MAM and OND rainy seasons. 528 

This study on drought in the Republic of Djibouti, which is the first of its kind, would 529 

be very useful to the country's policy and decision makers as well as to the UN Resident 530 

Coordinator in Djibouti to better understand the drought cycles in the country for a better 531 

coordination of efforts to help the victims of these droughts. This is especially relevant as 532 

there is an urgent need to consider the development of a drought early warning system 533 

for better drought mitigation in the country as well as the implementation of long-term 534 

strategies for better resilience of the agro-pastoral communities most affected by recurrent 535 

droughts in this part of the world. In addition, a devastating drought is currently affecting 536 

the Republic of Djibouti and the Horn of Africa regions with more than thirteen million 537 

people already affected by the drought. Therefore, this first study of drought in the Re- 538 

public of Djibouti will contribute very strongly to the national strategy for resilience to 539 

recurrent droughts that is being developed.  540 

Supplementary Materials: The following supporting information can be downloaded at: 541 
www.mdpi.com/xxx/s1, Figure S1: Minimum (a) and maximum (b) mean air temperature à the air- 542 
port-station during 1961-2021 at the airport station.; Figure S2: Temporal variation of dry events 543 
(red color) and wet event (blue color) for SPEI short-term and long-term during the period 1961– 544 
2021: (a) presents short dry periods at three months scale (SPEI-3), (b) shows wet and dry periods 545 
at 12-month scale (SPEI-12) and (c) represents a long-dry period at 2-year scale (SPEI-24). Figure S2: 546 
Temporal variation of SPI-3 and SPEI-3 for moderate, severe, and extreme flood events at Djibouti- 547 
airport from 1961 to 2021, as presented in Figure 6. 548 
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