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Abstract

In this study, we unveil atmospheric circulation anomalies associated with
the large-scale tropical teleconnections using National Center for Environ-
mental Prediction (NCEP) reanalysis dataset. Composite analyses have been
performed to know the impact of large-scale tropical circulations on the Horn
of Africa. The composite analysis performed at the geopotential height of 850
Mb and 200 Mb, and precipitation rate (mm/day) during six strong El Nifio
and La Nifla episodes revealed that the large-scale tropical variability induced
climate anomalies in space and time. A substantial decrease in upper-level
height (200 Mb) has been observed in the study area during El Nifio compo-
site years as compared to the La Nifia years. During El Nifio conditions, the
upper-level divergence initiates low-level vertical motion, thereby enhancing
convection, however, during La Nifla composite years, nearly contrasting sit-
uations are noticed in Belg (February to May) season in Ethiopia. However,
geopotential height anomalies at 850 Mb are above-normal during the strong
El Nifo years, suggesting suppressed convection due to vertical shrinking and
enhancement of divergence at the lower level. Compared to the Belg (Febru-
ary to May), geopotential anomalies were generally positive during the Ki-
remt (June to September) season, thereby suppressing the rainfall, particular-
ly in Southern Ethiopia and Northern Part of Kenya. In contrast, an increase
in rainfall was observed during the Belg season (February to May).
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1. Introduction

The climate variability at any regional level is predominantly controlled by lower
and upper-level atmospheric circulations which in turn are prominently me-
diated by the nearby and distant Oceanic thermal responses. Likewise, the cli-
mate in the Horn of Africa (HOA) varies from arid to tropical monsoon condi-
tions due to the seasonal modulation of upper and lower atmospheric circulation
patterns triggered by teleconnection forces [1]. Different scientific reports do-
cumented that the climate variability across the HOA and Eastern equatorial
Africa (EEA) is mainly influenced by the large-scale seasonal atmospheric circu-
lation as well as the warm waters of the Indian and Pacific Ocean [1] [2]. Besides
season climate variations, the climate of the region varies over a much longer
period. Internal and external forcing of the climate system results in Decadal and
longer-term variability in the climate system [3] [4] [5]. [1] [6] further noted
that, on the centennial, multi-decadal, and decadal time, the main mode of cli-
mate variability is observed in the Atlantic, Indian, Pacific, and the Southern
Ocean and they result in a significant influence on regional as well as global at-
mospheric circulation.

According to [7], tropical large-scale circulation features dominating the Horn
of Africa (HOA) are mainly controlled by a continent-ocean temperature gra-
dient, a seasonal reversal of winds caused by the hemispheric scale circulations
driven by convections in tropical oceans and complex topographic orientations
in the region. Different studies uncovered the upper and lower level atmospheric
circulation patterns are associated with seasonal rainfall variability over the
HOA during the dominant rainy seasons [8] [9] [10] [11] [12]. The recent study
that investigated changes in the mean state of rainfall over East Africa asserted
that rainfall in the region exhibits considerable variability across spatial and
temporal extent and this variability is caused by the complex interactions be-
tween different large scale atmospheric and oceanic features acting at regional
and global scales [13]. Sea Surface Temperature in the equatorial Pacific Ocean
is characterized by ENSO (El Niflo Southern Oscillation) episodes [10]. Even
though the equatorial Pacific Ocean are distant from the HOA, they are signifi-
cantly correlated with climate variations (temperature, rainfall, upper and lower
level circulation patterns, humidity, etc.) over the region, however, the extent
and sign of correlations and seasonality are not uniform across the region [14]
[15] [16].

Owing to topographic complexity in the region, the northern Ethiopia high
lands and northwestern parts of the HOA have boreal summer monsoon from
June to September (JJAS) locally known as “Kiremt” and it accounts for 50% to
80% of the annual rainfall over the region [16] [17]. Whereas, the equatorial part
of the Great Horn of Africa (GHA) has two rainy seasons, the long rainy season
from March to May (MAM) and the short rainy season from October to De-
cember (OND) [17] [18]. A diagnostic study carried out by [19] on monsoon

dynamics in the region verified that usually two distinct monsoons patterns are
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observed near the HOA, which are known as Northeast (NE) and Southwest
(SW) monsoons. As further notified by [19], the SE monsoons are observed
during the Northern Hemisphere Summer (June-August), while the NE monsoons
are dominant during Southern Hemisphere Summer (December-February). Yet,
the transition in monsoonal wind occurs during the Northern Hemisphere
Spring (March-May) locally known as a long-rainy season and characterized by
convergence in the Equatorial Africa Region (EEA) when low-level air masses
move from both NE and SE meet and form a zone of convergence in the region.
The model study performed at the regional level also captured observed circula-
tion anomaly patterns, with divergence at the lower level and convergence at the
upper level during rainfall deficit years, but for the wet years, divergence (con-
vergence) was simulated at the upper (lower) level [20]. Similarly, the spatial
and temporal variability of rainfall over Ethiopia during summer (JJAS), locally
known as Kiremt, is well captured by the satellite-based observations and, model
simulation data [21]. According to [21], most parts of the country are dominated
by the intensity and position of upper Tropical Easterly Jet (TEJ]), lower East
Africa Low-Level Jet (EALLJ]), and Westerly from the south Atlantic basin. The
model, as well as observation-based studies, confirmed that strong/weak TE] is
associated with excess/deficit rainfall overall in Ethiopia, with the particular ex-
ception of the southern rim of the country [7] [19] [21] [22] [23].

In this study, we tried to explore the association between upper and lower lev-
el geopotential height anomalies and strong ENSO episodes during selected
composite years, and observe enhanced/suppressed convective activities in re-
sponse to the change in circulation pattern. Our study area encompasses the
HOA with special reference to Ethiopia because due to its complex landscape
nearly all types of climate zone in the region are observed in Ethiopia. The high-
ly complex terrain features combined with the myriad synoptic systems that
produce rainfall variability, has resulted in a very diverse climate that spans eight
different climate zones that range from warm to humid highland climate, and
Ethiopia encompasses seven of the eight climate zones in the region [24] [25].
This study was mainly focused on two seasons in Ethiopia locally known as Ki-
remt (June to September) and Belg (February-May). The study has attempted to
discern the response of upper and lower geopotential height anomaly to ENSO
phenomena on and associated seasonal modulation of precipitation patterns in
the study area.

2. Study Area

The study area is shown in the rectangular black box in Figure 1; below encom-
passes Ethiopia, Somalia, Kenya, Uganda, Rwanda, Tanzania, and South and
North Soudan partially [24] [26], however, our analysis more focused on Ethi-
opia due to most of the climate zones in the region found there. The region is
known for its complex topographic features with the lowest part below sea level
found in the north-Eastern part of Ethiopia (Denkel Depression) and Mount Ki-
limanjaro in Tanzania with 5895 m above sea level. According to [1], the equator

DOI: 10.4236/acs.2022.122028

477 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2022.122028

S. Guntaetal.

12S 8S 4S 0 4N 8N 12N 16N 20N

28E 32E 36E 40E 44E 48E 52E
I .
0

2000 4000 6000

Figure 1. Map showing the topography (elevation in meters; Bradfield Lyon, 2014, Inter-
national Research Institute for Climate and Society).

passes through Uganda, Kenya, and Somalia, so that above the equatorial line
the northern part receives the majority of its rain during the boreal summer
(June to September) while below the equator southern part receives the majority
of its rain during the austral summer months (December to February). The re-
gion is influenced by the seasonal migration of the Inter-Tropical Convergent
Zone (ITCZ) and results in four different rainfall seasons over the region: De-
cember-February, March-May, June-September, and October-December [1] [9]
[24] [26] [27].

3. Data and Methodology
3.1.Data
The data from the National Center of Environmental Prediction (NCEP) reana-

lysis data set has been used by the climate diagnostic center

(https://www.esrl.noaa.gov/psd/). [7] [28] pointed out that the reanalysis dataset

was derived from historical observations that have been quality controlled and
modeled with a modernized, fixed version of the NCEP global data assimilation
system. As fully described in [29], the NCEP uses a frozen state-of-the-art global
data assimilation system and a database complete as possible. They further noted
that the reanalysis project involves, the recovery of the land surface, ship, ra-
winsonde, pibal, aircraft, satellite, and other data; quality controlling and assi-
milating these data with a data assimilation system that is kept unchanged over
the reanalysis period 1957-96 [29]. This dataset has been used rigorously by nu-
merous researchers to predict the weather, water, climate extremes and to fur-
ther understand and diagnose the state of the climate system at regional as well
as to the globe extent [7] [9] [11] [20] [23] [28] [29] [30]. We used, surface pre-
cipitation rate (mm/day), geopotential height at 850 Mb, and 200 Mb data from
NCEP source, to monitor climate fluctuations in the study area that are caused

by remote atmospheric and oceanic coupling. To avoid some inconsistent data,
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we restricted our reanalysis data as much as possible to the era of meteorological

satellites, our analysis is limited from 1981 to 2020.

3.2. Methodology

Composite analysis has been used to explore the relationship between temporal
viabilities for precipitation rate (mm/day) and, upper and lower level geopotential
height (Mb) in the study area to remote oceanic and atmospheric properties. The
composite analysis involves identifying and averaging one or more categories of
fields selected according to their linkage to key climate conditions [19]. Results
of composites are then used to generate hypotheses for patterns that may be as-
sociated with the individual scenarios [20] [31]. The key conditions selected for
this study are the strongest El Niflo and La Nifia years as mentioned in Table 1;
the intensity of geopotential height and precipitation rates long-term mean, sea-
sonal mean, and anomalies have been investigated across selected years.

According to Diro ef al. [23], composite analysis has an advantage over indi-
vidual case studies because compositing emphasizes commonly occurring fea-
tures while smoothing more random fluctuations. The composite analysis is also
better than correlation because it allows the study of non-linearity [23]. Different
researchers have used the composite method over East Africa to investigate com-
mon features and patterns in climate variables [20] [32] [33] [34]. We adopted
the same method to explore the anomalies patterns of geopotential height (850
Mb and 200 Mb) and precipitation rate (mm/day) associated with strong El
Nifo and La Nifia episodes in selected composite years.

Composite Map has been generated to show long term mean averaged from
1981 to 2010, arithmetic means of composite years, and anomalies (departure from
long term mean) for surface precipitation rate, geopotential height at 850 Mb
and 200 Mb respectively to investigate the impact of El Nifio and La Nifa on the
HOA region. The anomalies were calculated as the difference between the actual
values of the selected meteorological variables and their long-term mean values
in a specified composite period. We selected the six strongest El Nifio and La Nifia
years for composite analysis. Only six years have been selected for composite

analysis because including weaker events or using more than six events introduces

Table 1. Selected variables for composite analysis for strong El Nifio and La Nifia years

Strong El Nifio Strong La Niia

S. No Years Years Variables selected of Composite Analysis
1 1982 1988 Surface precipitation Rate (mm/day)
2 1987 1995
3 1994 1998 Geopotential height at 200 Mb
4 1997 1999
5 2009 2007 Geopotential height at 850 Mb
6 2015 2010
DOI: 10.4236/acs.2022.122028 479 Atmospheric and Climate Sciences
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undesirable variability that tends to obscure important patterns, processes, and
mechanisms [7].

The Oceanic Nifio Index (ONI) has become the de-facto standard that NOAA
uses for identifying El Nifio (warm) and La Nifia (cool) events in the tropical
Pacific. It is the running 3-month mean SST anomaly for the Nifio 3.4 region
(ie, 5°N - 5°S, 120° - 170°W). Events are defined as 5 consecutive overlapping
3-month periods at or above the +0.5° anomaly for warm (El Niflo) events and
at or below the —0.5° anomaly for cold (La Nifia) events. The threshold is further
broken down into Weak (with a 0.5 to 0.9 SST anomaly), Moderate (1.0 to 1.4),
Strong (1.5 to 1.9), and Very Strong (22.0) events. The ENSO episodes to be ca-
tegorized as weak, moderate, strong, or very strong must have equaled or ex-
ceeded the threshold for at least 3 consecutive overlapping 3-month periods

(https://ggweather.com/enso/oni.htm).

4. Results and Dissections

4.1. Composite Analysis of Key Meteorological Variables

The previous studies carried out in the region, especially in Ethiopia revealed
that the total rainfall amount was mainly contributed by Kiremt (JJAS) and Belg
(FMAM), while the contribution of the driest season Bega (OND]) was insigni-
ficant [9]. Therefore, we employed a composite analysis of pertinent variables
based on the two dominant seasons in the rainfall amount that most of the re-
gion depends on, to associate with the large-scale tropical drivers. As one can see
from the composite maps shown below, clear contrasts have been observed for
the two dominant rainfall seasons in the region. The composite maps presented
below compare the long-term mean or climatology, composite means value, and
composite anomalies of selected variables during the six strongest El Nifio and

La Nifia years respectively.

4.2. Variations in Geopotential Height during the Strong El Nifio
Years

Previous studies done by various researchers explored that the climate of East
Africa regions is strongly linked to the climate in the tropics through the upper
and lower lever responses to the convection in the eastern and central Indian
Ocean, Maritime continent, eastern and western Pacific Ocean [3] [7] [9] [10]
[11] [13] [15] [26] [28] [35]. [28], noted that change in convection in the vicinity
of the Maritime continent and western Pacific, through Rossby-Kelvin wave dy-
namics, can lead to changes in the upper-level circulation over southwest Asia
and can be extended to the HOA.

According to [23], the effect of a warm equatorial eastern Pacific (El Nifio)
depends on the season of occurrence and the region of Ethiopia. Specifically, El
Nifo in the previous winter is associated with excess Kiremt (JJAS) rainfall,
whereas El Nifio in the contemporaneous summer is associated with deficit Ki-

remt rainfall except for the northwestern part of the country. They further no-
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ticed that, for the northwest, El Nifio is always associated with deficit rainfalls
irrespective of the season of occurrence. This shows the response of large-scale
features for different parts of the county is not merely similar due to terrain
complexity [10] [12] [21] [26].

Geopotential height approximates the actual height of a pressure surface
above mean sea level [36] [37] [38] [39]. Therefore, a geopotential height obser-
vation represents the height of the pressure surface above mean sea level. Geo-
potential height is valuable for locating troughs and ridges which are the up-
per-level counterparts of surface cyclones and anticyclones. As affirmed by var-
ious authors [35] [40], seasonal to annual rainfall variations in Ethiopia as well
as the neighboring countries in the East Africa region, are associated with the
macro-scale pressure systems developed in Indian and Atlantic Oceans and

monsoon flows.

4.3. Geopotential Height at 850 Mb during the Strong El Nifio
Years

As one can see from Figure 2, below, clear contrast has been observed in the

long-term mean, a composite mean, and the composite anomaly of geopotential
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Figure 2. Geopotential heights (850 Mb, in meters) (a) JJAS composite Mean; (b) FMAM composite Mean; (c) JJAS composite
Anomaly of six strongest El Nifio events; (d) FMAM composite anomaly of six strongest El Nifio events. NB: The rectangular inset
box closely encompasses the study area (HOA).
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height for JJAS and FMAM seasons during six-strong El Nifio years selected for
composite analysis. Above normal geopotential height at 850 Mb during El Nifio
years depict suppressed convections owing to vertical shrinking that enhance
divergence at a low level and suppressed precipitation. More positive anomaly
(see Figure 2(c) and Figure 2(d) in JJAS compared to FMAM shows, El Niio
effects in Kiremt (JJAS) seasonal rainfall is more than contemporaneous Belg
(FMAM) season. Also strongly contrasting convective activities observed in the
southeastern Pacific and western Pacific during JJAS than FMAM and this re-
sults in relatively strong teleconnectivity between the tropical Pacific Ocean and
Ethiopia height anomalies in JJAS than FMAM.

4.4. Geopotential Height at 200 Mb during the Strong El Nifio
Years

Regarding the upper-level height anomaly at 200 Mb, Figure 3(c) & Figure 3(d)
shows fairly contrasting features with height anomaly at 850 Mb, particularly
during the JJAS season. Associated with this, [28] depicted that, in the tropics,
the response at the lower level is often the opposite of what is observed in the

upper levels. The above normal height anomaly in the upper level is linked to
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Figure 3. Geopotential heights (200 Mb, in meters) for (a) JJAS composite mean; (b) FMAM composite Mean; (c) JJAS composite
Anomaly of six strongest El Nifio events; (d) FMAM composite anomaly of six strongest EN events.
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suppressed convection but below normal height, the anomaly is related to the
enhanced convention.

According to [23], during the short rainy season in the northern highland of
Ethiopia, the existence of a trough (low pressure) has been observed over the
Red Sea at about 200 Mb height. This trough pattern corresponds to an ano-
malous southerly extension of subtropical westerly jet streams (STWJ) over
North Africa. These narrow and shallow streams of fast-flowing air in the upper
troposphere with maximum speed at about 200 Mb level are one of the rain-
bearing systems in the region. One can understand from the composite anomaly
map in Figure 3(c) and Figure 3(d), that a positive (negative) height anomaly
was observed during JJAS (FMAM), which in turn shows suppressed (enhanced)

convections persistent in the region.

4.5. Geopotential Height at 850 Mb during the Strong La Nifia
Years

Note that, long-term mean fields are replicated to compare it with composite
mean to have clear pictures of the anomalies of observed fields. The composite

mean value of geopotential height at 850 Mb in Figure 4(a) and Figure 4(b)
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Figure 4. Geopotential heights (850 Mb; m) for (a) JJAS composite mean; (b) FMAM composite Mean; (c) JJAS composite ano-
maly of six strongest La Nifa events; (d) FMAM composite anomaly of six strongest La Nifia events.
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revealed clear contrast during the dominant rainfall seasons in the region. We
can see also, basin-wide intensified composite mean height in the Southern and
Northern Pacific Ocean, south India Ocean, and over Australia in FMAM season
than JJAS, which might suggest that large scale pressure systems in the tropics
had more dominance in regional circulation during FMAM season in La Nifa
composite years.

850 Mb height anomalies presented in Figure 4(c) and Figure 4(d) show, ex-
tra tropical cyclones developed in the southwest Indian Ocean and the South Pa-
cific Ocean. We can see intensified cyclones in number as well as in magnitude
in Belg (FMAM) than Kermit (JJAS) season, but nearly similar low height ano-
maly has been observed in the rim of the eastern Africa region. During boreal
summer the central Indian Ocean is characterized by a significant amount of
below normal height anomaly which might suggest the warming of the ocean
during that time had a role in exacerbating low pressure in the region [7] [28].

The cyclone activities and frequency in the Indian Ocean basin have a crucial
impact on the convection activities and moisture advection in the southern as
well as northern and central parts of Ethiopia [41]. Supporting this premise, [42]
argued that, the cyclones that develop in the southwest Indian Ocean (SWIO)
usually travel west then southwest, and finally recurve to the southeast before
reaching East Africa and, they further noticed that the cyclone/depression can
indirectly affect the weather pattern and condition in Ethiopia.

Fairly opposite 850 Mb geopotential anomalies have been observed during
Kiremt season, along the red sea coastline, northwest Indian ocean, and Arabian
sea as can be seen from Figure 2(c) and Figure 4(c), which are associated with
intensified/repressed low-level pressure during El Nifio/La Nifla composite year.
[22], examined that low/high-pressure anomalies in these regions are associated
with excess/deficit rainfall years in central, western, and northwestern regions of
Ethiopia. But there is no significant contrast between height anomalies of 200
Mb geopotential for Belg (FMAM) season during El Nifio and La Nifia compo-
site years as presented in Figure 3(d) and Figure 5(d) respectively, except minor

positive anomaly noticed in the northern tip of the country.

4.6. Geopotential Height at 200 Mb during the Strong La Nino
Year

The composite anomalies observed in Figure 5(c) and Figure 5(d) during JJAS
and FMAM season depict opposite patterns in East Africa especially in the re-
gion enclosing Ethiopia (3N - 15N latitude and 32E - 48E longitude), as we can
visually inspect from the figures. Also, a strong correlation has been observed
between the eastern Pacific Ocean and Eastern Africa height anomaly at 200 Mb
pressure level with a positive anomaly in JJAS and negative anomaly in FMAM
season as can be seen from Figure 5(c) and Figure 5(e). This informs us factors
governing inter-seasonal variability of metrological fields over the region may

differ in two seasons.
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Figure 5. Geopotential heights (200 Mb; m) for (a) JJAS composite mean; (b) FMAM composite Mean; (c) JJAS composite Ano-
maly of six strongest La Nifa events; (d) FMAM composite anomaly of six strongest La Nifia events.

A substantial decrease in upper lever height at 200 Mb has been observed in
Ethiopia during El Nifio composite years (Figure 3(d)) when compared to La
Nifia composite years (Figure 4(d)). This asserts that during El Nifo years the
upper-level divergence may initiate low-level vertical motion and hence enhance
convection in the region whereas during La Nifla composite years nearly con-
trasting phenomena have occurred in Belg (FMAM) season. On the other hand,
noticeably higher than normal 200 Mb field during strong La Nifia composite
years over East Africa and central Asia (Tibetan plate) might suggest the streng-
thening of the subtropical jet stream which can extend its impact to the central
and northern part of Ethiopia by suppressing low-level convection [7] [28] [38]
[41].

In both cases (850 Mb and 200 Mb) anomalies shown in Figure 4(c) & Figure
4(d) and Figure 5(c) & Figure 5(d) below normal height, anomalies are evident
in the southwestern Indian ocean but the low is intensified during Belg (FMAM)
than Kiremt (JJAS) season. A similar observation was documented by [41] justi-
fying that, Belg rainfall is much more influenced by cyclone activities than Ki-
remt rainfall, which occurs outside the cyclone season of the Southwest Indian

Ocean. [41] also noted that, on a daily basis, rainfall activities during the Belg
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period are significantly reduced when a tropical depression is observed in the

southwest Indian Ocean.

4.7. Precipitation Rate during the Strong El Nifio and La Nifia
Years

From our previous discussion on rainfall variability in space and time, we no-
ticed that a complex relationship has existed during the ENSO period in a his-
torical record. The rainfall anomaly index analysis used by [9] has revealed this
fact. Supporting this, the study carried out by [30] applying harmonic analysis to
El Nifio Southern Oscillation (ENSO) composite of the 6-months Standardized
Precipitation Index (SPI) and rainfall anomaly for the 1900-1996 period has un-
veiled that ENSO response in East Africa rainfall is region and season depen-
dent, and the influence of El Niiio is stronger and opposite than that of La Nifa.

The composite precipitation rate (mm/day) map presented below in Figure 6
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Figure 6. Precipitation rates (mm/day) for (a) composite mean of JJAS for six strongest El Nifio events; (b) composite mean of
FMAM for six strongest El Nifio events; (c) composite anomaly of JJAS six strongest El Nifio events; (d) composite anomaly of
FMAM six stronges.
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and Figure 7(a) & Figure 7(b), show remarkable seasonal variations during El
Nifio and La-Nina periods respectively. In both cases, the relatively strong preci-
pitation rate has been noticed in equatorial regions between 10S - 10N (not to
the scale), this may suggest that tropical regions are most affected by climate
anomalies than their extra-topical counterparts.

Composite anomalies during the six strongest El-Nino periods shown in
(Figure 6(c), and Figure 6(d)) indicated, suppressed precipitation rate in the
southern region of Ethiopia during the JJAS season and an enhanced rate during
FMAM season. The same finding was revealed in previous studies [9], using sta-
tistical analysis to correlate Nino 3.4 index and standardized precipitation ano-
maly index in the two rainfall dominate seasons in the region. But, by carefully
observing one can see a shift of precipitation rate in the Eastern Africa region
and maritime content which is the manifestation of a shift of convection pat-
terns due to ENSO dynamics in the region. Also, one can observe a relatively no-

ticeable contrast in precipitation rate during JJAS than FMAM season in the
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Figure 7. Precipitation rates (mm/day) for (a) composite mean of JJAS for six strongest La Nifia events; (b) composite mean of
FMAM for six strongest La Nifia events; (c) composite anomaly of JJAS six strongest La Nifa events; (d) composite anomaly of
FMAM six strongest.
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central and eastern equatorial Pacific Ocean where the ENSO phenomena are
known to prevail [13] [43] [44] [45] [46]. But, Figure 7(c), and d show nearly
the opposite precipitation rates in both seasons when compared to the El Nifio
composite presented in Figure 6(c), and Figure 6(d), however magnificent
anomaly is seen during El-Nino episodes than La Nifia.

The seasonal and spatial contrast of precipitation rate due to the modulation
of ENSO events has a huge impact on vegetation biomass productivity and
growth [47] [48]. According to [47], the transition from El Nifo to La Nifla con-
ditions during the 1997-2000 period had resulted in a severe impact on percep-
tion and vegetation biomass over Africa, particularly for East and Southern
Africa these teleconnections were very strong. There was a marked contrast in
vegetation anomaly patterns during the peak periods of warm (1997/98) and
cold (1999/200) ENSO events, which are one of the strongest years selected for

our composite analysis.

4.8. Summary and Conclusions

This study examines the composite of geopotential heights at 850 and 200 Mb,
and precipitation rates for the six-strong El Niflo and La Nifia years on rainfall
of Kiremt (June to September) and Belg (February to May) seasons of Ethiopia,
in the Horn of Africa region.

It has been observed that El Nifio and La-Nina response in the HOA regions
geopotential height and surface precipitation rate are associated and vary in in-
tensity for two episodes in the opposite manner. Fairly opposite 850 Mb geo-
potential anomalies have been observed in composite Map during Kiremt sea-
son, along the red sea coastline, northwest Indian Ocean, and the Arabian Sea,
which are associated with intensified/repressed low-level pressure during El
Niflo/La Nifia composite year. This shows low/high-pressure anomalies in these
regions are associated with excess/deficit rainfall years in central, western, and
northwestern regions of Ethiopia. Composite anomalies during the six strongest
El-Nino periods shown in (Figure 6(c), and Figure 6(d) above) indicated, sup-
pressed precipitation rate in the southern region of Ethiopia during the JJAS
season and an enhanced rate during FMAM season. The same finding was re-
vealed in previous studies [9], using statistical analysis to correlate Nino 3.4 in-
dex and standardized precipitation anomaly index in the two rainfall dominate
seasons in the region.

The composite analysis approach employed in this study provides insights in-
to tropical large-scale dynamics (ENSO) association with regional climate variabili-
ty triggered by upper and lower level atmospheric circulation patterns represented
by geopotential height anomalies. However, further studies integrating numeri-
cal modeling and intense observational analysis including different variables and
spatial extents (horizontal as well as vertical) should be done to fully understand
the phenomena controlling climate fluctuation in the region.

This study has focused only on two rainy seasons in Ethiopia, represented by a
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composite of geopotential height at 850 and 200 Mb, and surface precipitation
rate (mm/day) for the six strongest El Nifio and La Nifia events. It has been ob-
served that El Nifio and La-Nino response in the HOA regions geopotential
height and surface precipitation rate are associated and varies in intensity for
two episodes in the opposite manner. Fairly opposite 850 Mb geopotential ano-
malies have been observed in composite Map during Kiremt season, along the
red sea coastline, northwest Indian Ocean, and the Arabian Sea, which are asso-
ciated with intensified/repressed low-level pressure during El Nifio/La Nifa
composite year. This shows low/high-pressure anomalies in these regions are
associated with excess/deficit rainfall years in central, western, and northwestern
regions of Ethiopia. Composite anomalies during the six strongest El-Nino pe-
riods shown in (Figure 6(c), and Figure 6(d) above) indicated, suppressed pre-
cipitation rate in the southern region of Ethiopia during the JJAS season and an
enhanced rate during FMAM season. The same finding was revealed in previous
studies [9], using statistical analysis to correlate Nino 3.4 index and standardized

precipitation anomaly index in the two rainfall dominate seasons in the region.
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