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Abstract 

This study examined the possible linkage of ENSO and IOD to the rainfall of June to September 

(JJAS) over Ethiopia during 1991-2020. Liner regression and Correlation analysis are reveled the 

relationship between JJAS rainfall and Nino3.4 and DMI, tropical forcing mechanisms and 

associated circulations patterns. The results shows that JJAS rainfall is positively (negatively) 

correlated with Indian ocean (Pacific Ocean) sea surface temperatures (SST). Furthermore, Pacific 

Ocean (ENSO) events have impact on JJAS rainfall with strong negative correlation, whereas 

Indian ocean dipole (IOD) revealed weak positive correlation. Rainfall is largely influenced by 

ENSO over tropical Pacific Ocean and IOD over Indian Ocean, whereby, wet events are associated 

with an ascending motion of the Walker circulation on the eastern part of the Indian Ocean and 

western Pacific Ocean characterized by convergence at low levels and divergence at upper level. 

The negative anomaly in the central parts of the Pacific Ocean enhances convective activity and 

rising motion from the lower level, which facilitates the moisture transport to the study area and 

hence results in precipitation. In general, the mechanism of the variability of JJAS rainfall anomaly 

was associated with the variation in sea surface temperature anomaly, which depends on the 

forcing of the atmosphere on the Ocean and that of the Ocean on the atmosphere, especially with 

respect to the JJAS season (The Air-Sea interaction). The result of this study will help to improve 

the seasonal rainfall prediction and early warning of extreme rainfall events over Ethiopia. 
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1 Introduction 

Rainfall variability across time and space affects all aspects of human activity, especially 

agricultural economies and social activities. And rainfall is the most important climate element for 

rainfed agriculture and the general socio-economic development of Ethiopia (Korecha and 

Barnston 2007; Degefu et al. 2017)). The main rain season (locally Kiremt) that covers June to 

September (JJAS), receives most parts of the country 65% -95% of the total annual rainfall in this 

season (Segele and Lamb 2005). Approximately 85% of the population is involved in rain fed 

agricultural activity and resulting crop production is depended on the distribution and amount of 

JJAS rainfall (Diro et al. 2011). Therefore, JJAS season rainfall prediction is a great importance 

for Agricultural activity planning and socioeconomic disaster mitigation (Segele et al. 2015 and 

Alhamshry et al. 2020). A good understanding of rainfall distribution and variability of the given 

region increases the accuracy and reliability of weather prediction, aimed at agricultural activity, 

saving live and minimizing the distraction of property (Ogwang et al. 2020). 

 The synoptic and localized system that influence rainfall of East Africa as well as Ethiopian 

includes Inter Tropical Convergence Zone (ITCZ), monsoon winds, subtropical high-pressure 

systems, easterly/westerly waves, tropical cyclones, El Nino Southern Oscillation (ENSO), Quasi 

Biennial Oscillation (QBO), Southern Oscillation Index (SOI) and Indian Ocean Dipole (IOD) 

(Alhamshry et al. 2020). Those systems are controlling the rainfall variability in amount and their 

distribution over the region. The inter-annual and inter-seasonal variability of rainfall over the 

tropics are tele-connected with the global atmosphere–ocean interaction in Indo-Pacific sector. 

Rainfall in Ethiopia exhibits considerable variability across in space and time. This variability is a 

result of complex interactions between various features acting at local and global scales.  

Many documents have been done on the relation between Ethiopian rainfall and the state of ENSO 

and IOD. The inter-annual rainfall variability over many regions is closely related to the large-

scale SST anomalies over the equatorial east Pacific (the El Niño–Southern Oscillation; ENSO) 

and the Indian Ocean Dipole, where warming/cooling events are associated with deficit/excess of 

rainfall by influencing the position of ITCZ and strength of the regional convective systems over the 

central and northern half of the country (Cheneka 2016; Endris et al. 2019). The findings from 

those studies give insight into the influence of Indian Ocean on Ethiopian JJAS rainfall. However, 
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most of the investigation tends to examine the possible influences and mechanisms of the 

contemporary events. Besides, interdecadal abrupt changes occur in the Indian Pacific warm pool 

and the North Atlantic in the 1990 (Zhao et al.,2020). And the relationship between the climate 

over many regions and the tropical ocean also change. It is necessary to further examine the 

influences resulting from the ENSO and IOD. The understanding of the influence of ENSO and 

IOD on rainfall variability, with the associated circulation systems during the season will greatly 

help to improve the quality and skill of the seasonal forecast.  

Hence, the main objective of this study is to check the linkage of tropical ENSO and IOD to the 

JJAS rainfall over Ethiopia since 1991 to 2020, and then further investigate the possible influence 

mechanisms of the tropical drivers. The remaining parts of this work are organized as follows:  

section 2 presented the Description of Study Area, section 3 contains the data and methodology, 

section 4 result and discussion and section 5 give the conclusion and recommendation.   

2 Description of Study Area 

Ethiopia is located along 3°N – 15°N latitude & 33°E – 48°E longitude in the Horne of Africa 

(Fig.1a), with an area of about 1.02 million square km. It is a country of geographical contrasts, 

varying from as much as 116 m (381 ft) below sea level in the Danakil depression to more than 

4,600 m (15,000 ft) above sea level in the mountainous regions. The country ‘s topography consists 

of high and rugged plateaus and the peripheral lowlands. From a topographic view point, the 

country confines the Great African Rift Valley that bisects Ethiopia into the eastern and western 

escarpments. It gradually slopes up from the lowland edges of Rift Valley to the eastern and 

western escarpments into the southern, central, western and northern mountains. Major parts of 

the country are made up of a wide plateau and mountains of various heights (Fig. 1). Elevations in 

the country range from the 160 meters below sea level (northern exit of the Rift Valley) to over 

4600 meters above sea level (of northern mountainous regions). The highest mountains are 

concentrated on the northern and southern plateaus of the country.  

 

IJSER



International Journal of Scientific & Engineering Research Volume 13, Issue 5, May-2022                                                             743 
ISSN 2229-5518  
 

IJSER © 2022 

http://www.ijser.org 

  

Figure 1. Study area: Map of Africa showing the area of study (shaded part) (b) Map of Ethiopia 

(study area) 

3 Dataset and Methodology  

3.1  Dataset  

The monthly precipitation (rainfall) dataset used in the study obtained from remote sensing satellite 

estimates. Most rainfall data from in-situ meteorological stations had short period records and a 

large percentage of missing data problems (1991- 2020). Moreover, the spatial distributions of 

stations were scarce especially in the lowlands of the country. In this case, Climate Hazards Group 

Infra-Red Precipitation with Stations (CHIRPS) satellite rainfall data 

(https://data.chc.ucsb.edu/products/CHIRPS-2.0/) is a vital source of rainfall data (Asfaw et al. 

2018; Dinku et al. 2018; Belay et al. 2019). CHIRPS is a quasi-global dataset (covering the area 

between 50° N and 50° S) available from 1981 to present-day at 0.05° spatial resolution (∼ 5.3 

km) and it is produced using multiple data sources (Funk et al. 2015) 

Different atmospheric and oceanic indices are used as a measure of ENSO. The oceanic component 

of ENSO is measured by the Niño3, Niño3.4, and Niño4 SST indices over the eastern (5° N–5° S, 

90°–150° W), east central (5° N–5°S, 120°–170°W), and central (5° N–5° S, 160°E–150°W) 
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tropical Pacific correspondingly. Monthly values of the Niño 3.4 index for the period 1991–2020 

were obtained from the National Oceanic and Atmospheric Administration (NOAA) Climate 

Prediction Center (CPC) database(Diriba and Sorteberg 2013). 

The Indian Ocean Dipole (IOD) is quantified by an index (DMI) which is obtained from the 

difference between SST anomalies observed between the grid boxes (50°E - 70° E, 10°S - 10° N) 

and (9°E - 11° E, 10° S - 0 °) as defined by (Saji and Yamagata 2003). Monthly values of DMI 

(1991–2020) were downloaded from the National Oceanic and Atmospheric Administration 

(NOAA) Climate Prediction Center (CPC) database. The monthly mean SST data sets were 

obtained from the National Oceanic and Atmospheric Administration (NOAA) with a 2.0° × 2.0° 

grid resolution for the period 1991-2020 (Japheth et al. 2021). The monthly mean Meridional and 

zonal winds, vertical velocity, water vapor flux, outgoing long wave radiation are obtained from 

the National Center for Environmental Prediction-National Center for Atmospheric Research 

(NCCEP-NCAR) https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.pressure.html, gridded at 

2.5° X 2.5° horizontal resolutions (Segele et al. 2009). 

The velocity potential reflects the large-scale features of the tropical circulation and is 

calculated using the horizontal wind as used by Wang (2001) and Tanaka et al. (2004) following 

the definition; 

∇𝜈 = −∇2𝜒………………………………………………………………………………. (1) 

        

where χ is the velocity potential anomaly, that is, a line integral of tangential wind speed along a 

closed circle. 

And the water flux: 

                                F = (1/g) ∫ 𝑢𝑞𝑑𝑝
200ℎ𝑃𝑎

𝑃𝑠
…………………………………………………………... (4) 

Where q is the specific humidity, ps the surface pressure, u= (u, v) the horizontal wind vector. For 

a sufficiently long period, such as a month or season 
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3.2   Methodology 

The relationship between the JJAS Rainfall, DMI and Niño 3.4 index was computed by using 

simple correlation and liner regression analysis as it was used by (Endris et al. 2019; Ogwang et 

al. 2020). Cross-correlation is the comparison of two different time series to detect if there is a 

correlation between metrics with the same maximum and minimum values.  

4. Results and Discussion 

4.1 The Relationship between RF, IOD and ENSO 

RF mainly has the interannual variation without markable decadal or trend variation (see Fig 2a). 

Correlation between both Dipole mode indices and Oceanic Nino indices with rainfall indices 

during JJAS season on 30 years was carried out in an attempt to assess the stability of linear 

associations between both Dipole mode indices (DMI) and Oceanic Nino indices (Nino3.4) with 

the rainfall (Fig2b). January DMI has largest led correlation coefficients (0.62) with the rainfall, 

and then during September Nino3.4 and Rainfall has closest (r = -0.66) in the period of 1991 to 

2020. However, DMI has weak correlation with JJAS rainfall over the study area from March to 

September. And the correlation coefficients between the Nino indices before May and the rainfall 

are also not significant. Figure 2a also shows the interannual variation of September Nino3.4 and 

the January DMI. For the strong correlation between the indices, JJAS rainfall (RF) has consist 

variation with January Nino3.4 indices and nearly opposite variation with September DMI indices.   

Previous studies have also reported the same finding that ENSO or Pacific Ocean has a 

contribution to the variability of JJAS rainfall. However, a strong relationship is revealed when 

IOD events lead few months before the rainfall. While the strongest tele-connective relationship 

between the Oceanic Nino indices and concurrent JJAS Ethiopian seasonal rainfall is at September.  
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Fig 2. JJAS rainfall (mm/month) over Ethiopia, JJAS Nino3.4 and NDJ DMI index during the 

period 1991-2020 (a). Leading correlation coefficients (Dec to Sep) between Nino3.4, DMI and 

the JJAS rainfall (b). The dotted lines are values with the confidence level exceeding 95%. 

4.2 Circulation Patterns Associated with JJAS rainfall 

To further detect the causes of the JJAS rainfall, the associated circulation patterns are studied. 

The regression coefficients over the country are mostly negative on 500hPa stream function 

(Figure 3a), and they are negative on sea level pressure exceeding significant test of 95% (Fig 3b), 

revealing that when the JJAS rainfall is positive the country will be controlled by lower-than-

normal pressure systems. The water transportation mainly transported by westerly flows from the 

west, and also by the southerly flows and northerly flows, they are convergent over the whole 
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country, which will be helpful for the rainfall. The negative OLR indicates strong convection. 

Figure 3d shows a convective zone above the western and northern Indian Ocean and western parts 

of the region, which is characterized by OLR lower than normal with stronger than normal 

convective activities. And an anomalous cyclone at 850hPa (Fig 3d) indicating convergent winds 

there. From the above analysis, the lower pressure systems, strong convective activity with 

convergent flows and water fluxes are all helpful for the formation of JJAS rainfall, and vice versa. 

 

Fig 3. Regression coefficients of normalized 500hPa stream function (a), Sea level pressure(b), 

water flux(c), winds at 850hPa and OLR(d) on standardized JJAS rainfall anomalies averaged over 

Ethiopia from 1991–2020. Shaded areas with significant level at 0.05 in (a-c), but for regression 

coefficients of OLR in (d), with absolute values larger than 0.5 shaded. 

 

4.3 Linkage of the JJAS rainfall to the tropical forcing  

From the above analysis, the Pacific Ocean, especially the equatorial east Pacific SSTA related to 

Nino3.4 has significant correlation with the JJAS rainfall.  The regression coefficients of the SSTA 

are obtained from leading Dec to September on standardized JJAS rainfall anomalies averaged 

over Ethiopia (see Fig. 4). The strengthening in relationship between SSTA and JJAS rainfall over 

the central Pacific Ocean tends to be negative (Fig. 4g to 4j), which is very significant since May. 

Pacific Ocean exhibited the strongest tele-connection (negative) between SST and the rainfall over 
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the region, due to the well-known Pacific events of ENSO. And weak relationship with western 

and northern Indian Ocean during JJAS season (Fig.4 i & j) for the area exceeding 95% confidence 

level is small, while significant positive regression coefficients can be seen on January and 

February. All the results are consistent with the results shown in fig2, which indicates that when 

the rainfall is more than normal, the SSTA in east Pacific Ocean will be negative from leading 

May to the JJAS season.  

 

Fig 4. Regression coefficients of normalized SSTA from leading DEC to JJAS (a-j) on 

standardized JJAS rainfall anomalies averaged over Ethiopia during 1991–2020.Shaded areas with 

significant level at 0.05. 

 

Figure5 represents Regression coefficients of normalized velocity potential at 850 hPa from 

leading DEC to JJAS(a-j) on standardized JJAS rainfall anomalies averaged over Ethiopia during 

1991–2020. The relationship between rainfall and velocity potential are significant over the eastern 

Indian Ocean and western Pacific Ocean with significant level at 0.05. The results reveal that 

enhancing moisture from June to September are characterized by positive velocity potential 

anomalies and convergence at low level over the western Indian ocean and East Africa (Fig. 5g to 
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5j), which reposition the ascending  motion over the west Pacific and easte Indian Ocean.  Negative 

velocity potential and wind divergence at higher levels, This is completed by the descending 

motion in the eastern part of the Indian Ocean. This circlation pattern is clos related to the ENSO 

events, suppressed moisture are contrarily associated with negative values and a high centre of 

divergence over East Africa and Indian Ocean at low level.  

 

Fig 5. Regression coefficients of normalized velocity potential and divergent winds at 850 hPa 

from leading DEC to JJAS (a-j) on standardized JJAS rainfall anomalies averaged over Ethiopia 

during 1991–2020. Shaded areas show with significant level at 0.05. 
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4.4  Influence of the ENSO on the circulation  

At 850hpa the easterly anomaly wind associated with the anticyclone flow over Arabian Sea and 

cyclone flow over south of Indian Ocean and there are easterly wind anomalies over Horn of Africa 

and Indian Ocean, and which advected moisture and make favorable for enhancement of rainfall 

over the study area (figure 6 a). For Ethiopia's JJAS rainy season, low level flows play vital role 

in transporting moisture into the country (Korecha and Barnston 2007). Negative(positive) OLR 

anomalies indicate enhanced (sup-pressed) convection. During JJAS of El Nino years, the zonal 

wave one pattern of OLR anomalies is observed along the equator, with positive OLR anomalies 

extending from tropical Atlantic to tropical Africa and till the Maritime Continent; negative OLR 

anomaly covers the equatorial Pacific (Figure 6(a)). The zonal wave one pattern can also be 

observed in summer of ENSO coexisting years with much weak positive OLR anomalies in 

tropical Africa and much intense positive OLR anomalies over the Maritime Continent. During 

JJAS season sea level pressure (Fig. 6b) couture indicates Mascarena High over southern Indian 

Ocean high-pressure system strengthens and the ridge extensions is extended and to intensify the 

cross-equatorial flow over the study area. These positions of rain band over the study region, and 

is accompanied by north westerlies and westerlies from Congo and easterlies from the southern 

Atlantic Ocean (Senthelina High). The negative/positive ENSO phase enhances/suppress the 

Mascarene high, the TEJ, and the monsoon trough more locally and the location of the low (high) 

sea level pressure matches with the enhanced/suppressed convection in the tropics (Cheneka 2016; 

Kiflie and Tao 2020) A negative anomaly of vertical wind speed (Fig. 6b) was observed from 

lower to upper levels between, ascending motion at low level . This is condacted by the uplifting 

air on mountains which favors cloud formation and hence precipitation. However, a positive 

vertical wind speed there is no convection at the area, which showed evidence of descending 

motion which cause the reduction of rainfall over the study area. At 850hpa (fig 6c), warm SSTA 

in the central and eastern Pacific Ocean during El Niño is accompanied by negative velocity 

potential anomalies aloft over the Indian Ocean region and positive anomalies over the eastern 

equatorial Pacific. However, 200hpa (fig6d), warm SSTs in the central and eastern Pacific during 

El Niño are accompanied by positive velocity potential anomalies aloft over the Indian Ocean 

region and negative anomalies over the eastern equatorial Pacific with significant at 95% 

confidence level.  
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Fig 6. Regression coefficients of (a) winds at 850hPa(vectors) and OLR (shaded), (b) vertical 

wind speed(shaded) and SLP (contours), velocity potential at 850 hPa (c) and 200hPa (d) on 

Nino3.4 index. Shaded areas in (c-d) with significant level at 0.05. 
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5 Conclusion and Recommendation  

Rainfall variability across time and space affects all aspects of human activity, especially 

agricultural economies and social activities. Various mechanisms have been allocated to the 

varying patterns of the JJAS rains. This study therefore investigated the relationship between JJAS 

rainfall with Nino3.4 and DMI and circulations and linkage of Tele-connection mechanisms 

associated with anomalous events of JJAS rainfall during the recent decades. The results JJAS 

rainfall and nino3.4 over the tropical Pacific Ocean tend to strong negatively correlate and DMI 

and rainfall weak positively correlate with correlation coefficient of -0.6 and 0.2 respectively at 

95% confidence level. But, the leading correlation of DMI and rainfall is strongly with a 

correlation coefficient of 0. 62 and then during September Nino3.4 and Rainfall has closest relation 

with a correlation coefficient of -0.66. In addition, there exists a weak positive correlation of JJAS 

rainfall with the DMI. ENSO has more effect on rainfall over the region during JJAS than DMI. 

Previous studies have also reported the same finding that ENSO or Pacific Ocean has a 

contribution to the variability of JJAS rainfall. However, a strong relationship is revealed when 

there is lag in the IOD events. The negative anomaly in the central parts of the Pacific Ocean 

enhances convective activity and rising motion from the lower level, which facilitates the moisture 

transport to the study area and hence results in precipitation. This season characterized by the 

weakening of the Mascarene High, strong westerlies from the Congo basin at a low level and 

divergence of strong easterlies at the upper level. The result of this study will help to improve 

monitoring, prediction and early warning of extreme rainfall events over Ethiopia to reduce the 

vulnerability of the society to negative impacts of extreme events rainfall that are common in the 

area. 
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