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Abstract

Characterizing seasonal rainfatididentifying its association with the climatdrivers are importarto produce reliable seasordimate
forecastof a given area. This study examined tlanfall variability and its relationships with SST, SLP and sunsubtesby statisti-

cal methods oveWestern Oromia. The regionial charactezed bymonomodal patternf 60% seasonal rainfall contribution in Kiremt
seasonHigh temporal anomaly rainfall but no extrenvesre observedrom 19812017 An insignificantdecreasindiremt and Belg

but, anincreasingBega trendvas observedENSOandPDQO DMI and AMO showed negativepositive correlation with kiremt rainfall.
ENSQ DMI and AMO showed positive correlation for belgnfall whereasPDO showed assocetnegativdy for the most parts of the
region. PSI to kiremt/Blg rainfall correlation showed sigiuént podiive/Negative spatial association over the western part (West
Wolega and lllubabor) / the East part (Jimma & East wollega) of the region. The results showed that there is decreagingiméaitl
anomales for main rainy seasons of region and good correlations these various indices. Theiefeuggested thaeasonal climate
predictionsmay consider these largeale determinantscillation indicedike AMO and PDO in predicting climatic events

Keywords Climate Change; Climate Variability; Rainfall Anomaly; SST; SLP; Sunspot.

1. Introduction

Climateevents that observed in the most parts of Africa are increasing and consistent with expectation from different forcée (Friede
et al., 2018). Mainl it is influenced by the large scalatmosphere ocean) oscillatiofSamuel, 2017Fahey, 2017Daniel, 2019. Seas
surface temperature (SST) and Sea level Pressure (SLP) are the most important widely applying signals in predictirariatieste v
and modeling climate(Golian, 2015 On the earththe primary factor that drives weather and climateviiation in solar irradiance
which directlyimpactsthe climate system and climate variability (Fahey, 20TRys, it is necessary to study oceatmospheric circu-
lation dynamics and interactions for the better understanding the impact on rainfall.

Several climate studies over East Africa examined tiedf Belg and Kiremt rainfall with phase of El Nifio Southern Oscillation(ENSO)
(Diro, 2019;Daniel, 2019; and segele,2009), Indian Ocean Dipole(IOD) (Shanko,1998), and North Atlantic Oscillation(NAO) as major
drivers of regional intraseasonal rainfalkriedility. Theseregional studies pointed out ENSO and IOD have dominant influences on the
climate and rainfall pattern in East afri(@aniel, 2019). Above/below average Kiremt/Summer rainfall over large parts of Ethiopia
mostly coincides with strong cdldarm phases of ENSO and positive/negative 10D years (Daniel; Sbdko, 1998)The Belg rain-

fall is negativelycorrelated with NAO over much of the eastern southern Ethiopia (Endalkachew, 2015

However, few studies have been done stiltlthereis gap of understanding regarding the influence of other indices like Atlantic Mul-
tidecadal Ocsillation(AMO) North Atlantic Oscillation (NAO) and Pacific Decadal Oscillation (PDO) and Sunspot index (B&1) on
aasonal rainfall climate over regional scabg@e,2009;Degefu, 2017; Shanko,1998; Diro, 2011 and Gissila, 2004). In addition, the
complexity in Ethiopiarrainfall character that change markedly in amount over short distances is the results of the owarausf
factors ranging from large scale iore regional elements(Levizzani,200D&gefu, 2017Shanko,1998; Diro, 2011 and Gissila, 2004).
This rainfall variability induces significant social, economic and environmental impacts and considerable challengerid thainly

in developing countes (Bezu, 2020)Therefore, this study was to investigate the rainfall variability and its association with some signif-
icant naturabotential drivers by using statistical methods Over Western Oromia in the period2@PBIhefind may contribute for
understanding the rainfatlimate provide valuable information in providing reliable weathadclimate forecasts for users that mini-
mize the impacts of climate events in the region

2. Data and method

2.1. Study area and data
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West Oromia is found in th&outhwestern part of Ethiopiki is located between 7%20 10.% N and 38.2to 34.2 E. The ecology of the
study area is dominated by forest and fruits while the farming system is mixed farming system. The study area is ctidnadterize
short dry ad the wet season with over nine moths wet period (Daba, 2848gen in Figurel
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Fig. 1: Stations Distributions and Topographical Map of the Study Area.

2.2.Data

Rainfall datasets df3 stationsaind gridded datevere acquired from National Meteorological Agency (NMA) Western Oromia Meteoro-
logical Service Center for the period 198017. Ocearatmosphere oscillation indices of SST and SLP indices dataok&medfrom
National Oceanic and Atmosetic administrationNOAA) http://www.cgd.ucar.edu.cas/catalog/climind/TNI_N34index.html
As large scale potential drivers, different atmospheric and oceanic indices ate omabure the effect rainfall.
a) Atmospheric pressure at sea level, i.e., sea level pressure (SLP)
1) The Southern Oscillation index (SOI) is defined as the normalized pressure difference between Tahiti, French Polynesia and Da
win, Australia.
2) The North Pacit Index (NPI) is the areweighted SLP over the regioni®5 U N ,i1 2 6 0 U WE
3) The transpolar index (TPI) is defined as the normalized pressure difference between Hobart, Australia and Stanley, Falkland Is-
lands.
4) The North Atlantic Oscillation (NAO) isnomaly in SLP between the Icelandic LP system at SW Iceland (Reykjavik), and HP
system of Azores.
5) Arctic Oscillation (AO) is sea level pressure anomalies pole ward®f, 2thich is key aspect of climate variability in the NH.
b) The global monthly SST anoties
1) The Dipole mode index (DMI) or Indian Ocean dipole (IOD), defined as the difference in sea surface temperature anomaly be-
tween the western (10°B)°N, 50270°E) and eastern (108, 90*110°E) tropical Indian Ocean.
2) The Atlantic Multidecadal Oscillation (AMO) index is usually defirfeaim the patterns of SST variability in the North Atlantic
assuminghat the effect oflobal forcing over the North Atlantic is similar to the global ocean, subtracted the global@6eSIN
mean SST from the North Atlantic SST.
3) Area averaged Nifio SST indices for the tropical Pacific regions described by Nifio13@@W and SNi5° S), Nifio3.4 (120
170°W and 9 Ni5°S), and Nifio 4 (15Wi 16(°E and 8 Ni 5°S). Some oceamtmospheric state which are an indicators of cer-
tain climate variables and climate drivers.
c) Sunspot index (PSI)
Sunspot is any of the dark spots (patches) appear attmestohe sunédés surface and are wusually
metric Sunspot index (PSI) and developed to study the effects of sunspot on solar irradiance.

2.3.Method of analysis

Fluctuations in rainfall
The governing equation for determining these fluctuations is known by standardized anomaly index (RAI) and given by:

X=—, (1)

Where,

X= standardized anomaly index, xi seasonal/ annual rainfall for seasof flsamean seasonal/annual rainfall afestandard devia-

tion of rainfall. RAI will begenerated and positive/ negative anomalies have their values classified as follows: 0 to 2 humid, 2 to 4 very
humid, >4 extremely humie to 0 dry-4 to-2 very dry and <4 extreme dry (Egor et al, 2015).

Method of Trend Analysis.

Non-parametric methodé@vann-Kendall test and Sen's slope estimator) were used to detect iengsXLSTAT softwareThe statis-

tics is given as:

n-1 n

5= Z Z sgn(xj — xi)

i-1 j=i+l @

Where, Sisthe ManKend al | 6 s #re thd sequential raanfaltivalxes in the year i and j (j>i), and n is the length of the time
series. The Sgn (xj 1xi) is an indicator function, where | >I
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+1 if xj—xi>=0, 3)
xj—xi=40 if xj—xi=0,
—1 if xf—=xi<0.

. . L nin—1)(2n +5) ) _
The variance (Var(s)) of-Statistics in the x values, is given bL%:T(S) _ Where m is the number of tied

= i( |- ti(ti— 1) (2t +5)°
groups in the data set and it is the number of data points ift tiegligroupF or t h e s a ntpelstandard testeZis na@dlabed
as:
s—1 .
JVar(s) ifs >0 (4)
Zmk = Oifs =10

** ifs<0

Jrar(s)

Zmk is used to evaluate the trerRbsitive Zix indicate increasing trends, néiga Zwk values reflect decreasing trends. The presence of

a statistically significant trend is evaluated using the &lue. Z.o/is the criticalvalue of Zs. For 5% and 10% significance level, the
value of 21U /i21.96 andL.64respectively. It is not affected by missing data, insensitivity to extreme values and better performance
even for normally distributed data. Then, the slope (change per unit time) was calculated as:

_ Xj-Xi

i #] )

Q

Where, X and X are data values at times i and j (j>i), respectively. The median of these n valuesof Qe nds esti mat
(Wagesho, 2013)The correlation method used Ruinfall Correlationwith SST, SLP and PSThe monthly rainfall anomalies and the
SSTs were used for identifying relationships. The c@mwhiehl ati c
was calculated by equation:

E?:j_(xi—xp Wyi—w) (6)

|
J Tim (=2, ) (vi—v)?

Where r = Pear sondsandywere the valties @37, St.P and FSAncrairdall respectively at the time ippand
(yw) was the average of tf&ST, SLP and PSind rainfall; and n was the total number of year. TFtest for the statistical significant

calculated as the equaticn= “‘l”__s The tn1), o5 was conilered for determination significant of r values by comparison with the
W L

critical value at tr1), 0.5
3. Results and discussion

3.1. Seasonal spatial distribution, contribution and monthly rainfall for west Oromia

Rainfall exhibited variation irspatial distribution over seasons in the study area. Kiremt (JJAS) is main rainy season for the western
Oromia contributes 66% of annual rainfall in the regionu(f®). Belg (FMAM) and Bega (ONDJ) seasonal rainfall appeared to be high
over southward frm east and west lllubabor and Jimma zones up to 22% and 12% of the annual rainfall (FejurespeectivelyThe

area is characterized by monomodal rainfall pattern obtain it highest rainfall in the months July and August in KirerahdBd$oare

the driest season (months) of the region.
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Fig. 2: Seasonabpatial Distributiorfrom a to g Contribution and Monthly Rainfall Grid Data for We&3tomia(1981 To2017).
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3.2 The Seasonal rainfall anomalies in the period of 1982017

The seasonal rainfall standardized anomaly (SAI) shows highsessonal variability in the study area for the study period. As it can be
depicted in the figur8, weighted areal average seasonal rainfall anomalies reveled cyclic pattern of variations with alternating dry and
wet seasons than the climatologically conditions years between 1981 andlBed& were temporal variations in rainfall anomalies.
When we galuate intensity of the RAVery dry anomaly of Kiremt/Summer 1995, 2015 and 20&8e observed. The only Belg/spring

2014 was extremely humid in the period of study andvery humidBega 1989were seen in the historical series. In general, near nor-
mal to mild positive/negative-2.0 to 2.0) conditions were dominated, the year 1984 is the driest and 1993 is the wettest years of the
period, when all threseasons of year are wet/drgspectively. A®bserved from figure 3, 1981, 1996, 2014 and 2016ramng strong
negative 10D years with drier than normal Kiremt conditions were not&iadilarly, strong El Nino years:19823, 198687, 199495,

199798, 200910 and 20186 are connected with less Kiremt rainfall than average in the refhislined wih the findings of Viste

(2012) mentioned as the drought year of Ethiofteom the trend lines of the kiremt (JJAS/JJA) and Belg (FMAM/MAM) rainfall, de-
creasing trendvere observed. In contrary, tiB=ga (SON/ONDJ) seasdras showed an insignificantly ineasingseasonatainfall

trend. In similar with this findingGissila et al. 2004 and Shankd1998 revealedhat there is a close link between ENSO (El Nifio and

La Nifia) phenomena, 10D phase which is identified as potential factor for alternative wet and dryheamtial patterns of seasonal
rainfall anomaly indicesd e mostdreas sflihe vegiom for MAMc SO& arsdiamngal time seried, s
whereasspatial decreasing trends for the most parts for DJF time.
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Fig. 3: Time SeriesSeasonaRainfall Anomalies The indices are a) the KirefSummer (JJAS/JJA) b) Belg/spring (FMAM/MAM) and c) rainfall anom-
alies of ONDJ/DJF/SON months, the bar represents seasonal rainfall anomalies, the dotted line and solid line repnesentdslioigarecipitation
indices forthe Periodof 1981-2017.
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3.3. MK trend analysis of annual and seasonal rainfall

The results of the MKrend test 9 out of 13 stations showed an increasing trend of annual rainfall. FronAjoesimma and
Limugenetstations are statistically significarithe significant increasing trend of Kiremt rainfall is seen at Arjo. Dembidolo and
Limugenet and decreasing at Gore. Belg, rainfall shows an increasing significant trend only in Ayira (bold valueslj Titablessult

is line with the studies conductegt Gummadi et al.(2017andGedefaw et al.(2019Bega season trend was not done by previous stud-
ies, positive trends at 9 statiosignificant at Arjo and GatiréSpatialdecreasing trends were recognized for the most parts of the region
in DJF as seeim figure 3 and figure 4.

Table 1: MK- Test andS e nSioge of Annual and Seasonal Total RainfalesternOromia (1981to 2017.

Station Belg season Kiremt season Bega season Annual

Zwk Slope Zuk Slope Zwk Slope Zw test Slope
Arjo 1.44 8.36 3.47 21.06 1.82* 6.83 3.34 33.75
Shmbu -0.395 -0.976 -1.509 -4.707 -0.467 -0.914 -1.473 -7.158
Nekemte 0.956 4.278 0.47 2.802 0.664 1.22 1.25 6.934
Ayira 2.021 5.308 -0.34 -1.297 -1.14 -2.079 -0.46 -2.919
Ghimbi 1.297 3.089 0.308 0.562 -0.6 -1.116 0.697 431
Dembidolo 1.563 3.973 1.96 8.854 -0.918 -1.89 1.563 11.198
Bedele 0.995 1.625 0.668 2.716 0.571 1.296 1.093 4.815
Gore 0.421 0.687 -2.124 -7.356 0.308 0.717 -1.216 -6.881
Chira -0.918 -1.792 -0.068 -0.216 0.578 0.76 -0.102 -0.421
Jimma 0.665 1.336 0.989 2.572 1.087 1.356 1.64* 6.126
Limugenet -0.172 -0.569 1.89* 10.527 0.34 0.415 1.80* 11.148
Sekoru 0.31 0.669 -0.73 -1.261 0.86 1.26 -0.37 -1.509
Gatira 0.308 0.812 0.697 1.92 1.64* 3.77 1.22 6.18

Zw (ManiKendal |l test), Slope (Sen6s slope) (mm)/ (annual [season), Bol
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Fig. 4: The Spatial Patterns of Trends of Seasonal Standardized Anomaly 88g0f Rainfall in the Periodf 1981-2017.
3.4. Correlation of seasonal rainfallto SST, PSI and SLP

The relationship between rainfall to SST SLP, and PSI were examined by Pearstatiop at significance level of 5%, and mapped
for summer and spring seasons.

3. 4Rell at i &@inrsehmtp s( saui nmnfiear! )] wi th SST and PSI indices

Seasonal correlations between regional rainfalls and different SST indices have linkage. To determine the influence of SST ol
Kiremt/summer rainfall, different indicesuchas EINifio SouthernOscillation ENSO) Pacific DecadalOscillation PDO), Atlantic

Multi decadalOscillation (AMO) and DMI (I0OD) of Indian Ocean Dipoleereanalyzed It was identified that the association with all

Nifio regions which are used as a measure of ENSO (Nifio 1.2, Nifio 3, Nifio 3.4 and Nifio 4) ahadthBiwed negative calation.

This means Kiremt rainfall in Western Oromia expected to increase when La Nina condition happened and the effect ofdsl Nino w
decreasing rainfall in the regio®n the contraryDMI (I0D) and AMO showed positive association over tegion.Indian Ocean Di-

pole and AMO phase has an increasing effect and decreased during negative IOD and AMO event (Agudab)regions Nifio 1.2,

Nifio 3, Nifio 3.4 and Nifio 4 showed similar correlation with kiremtfadlinThe findings agree with recestudies on ENSO (Nifio3.4)

and 10D (Shanko, 1998; Segele, 2009; Daniel, 200®ereas, PSI to rainfall correlation showed significant positive spatial association
over the western part (West Wolega and lllubabor) and showed no relation to the East (JHastav&llega).
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Fig. 5: Correlation ofKiremt (Summer)Rainfall with SSTand PSlIndices Pacific Decadal Oscillation (PDO), Atlantic Multi decadal Oscillation (AMO)
ENSO (Ninol1.2, Nino3, Nino3.4 and 4), Dipole Mode Index (DMI) and Sunspot (SPI) indices.

3.4.2 RelBatgobaspri pwigt)h r&aSTn faanldt PSI i ndices

The correlation beteen Belg rainfall data and oceanic indices showed weak spatial statistical association as compared (BuiKiremt
mer). The result of the analysis indicates #tialgoodnegative association was found with Nindices (Nino 1.2, Nino 3, Nino 3.4

and Nino 4)over Jimma zone. No significant correlation observed for the rest zones. Similarily,DMI and AMO show no significant spa-
tial correlation.On the contrary, PDO showed negative association for the most p#nes reigion. Whereas, PSI to rainfall correlation
showed significant no spatial association over the western part (West Wolega and lllubabor) and showed negative tedafastto t
part (Jimma & East wollega) of the region.
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Fig. 6: Correlation of BelgdSpring) Rainfall withSSTandPSlIndices Pacific Decadal Oscillation (PDO), Atlantic Multi decadal Oscillation(AMO),
ENSO indicegNinol.2, Nino 3, Nino 3.4 and Nino4), Dipole Mode Ind®MI) and sunspot indices

3.5.Relationshipsdominant modes of SLP with seasonal rainfall over thevest Oromia

3. 5Rell ati onshi kisr @mt S gu mmifiéaH )l over the west Oromia

Figure (7) shows that the correlation between Kiremt (summer) seasonal rainfall and SLP of Pacific, Atlaaniit AirRtic oscillation.
Investigation of the relationship between seasonal rainfall and SLP has revealed less spatial significance correlatfon thigrsalidy
region. But the kiremt rainfall of lllubabor zone showed negative relation with SOI, %®AO, and the rainfall of east and west Wol-
lega has negative correlation with TPbsitive SOI, AO, NAO anomalies lead to rainfall deficits, whereas Belg seasonal rairditirev
positive correlation with Normalized Tahiti (SOI) and Trans Polar Index(THi)s findingareagreedwith study done by Yirgav011)
and Gissela et al. (2004) as correlation between rainfall and the southern oscillation index varies with ansteatigrcpresent only in
some regions.
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Fig. 7: Correlation ofKiremt (summe) Rainfall with SLPIndices Normalized Pressure Tah{§Ol), Trans Polar Inde§ Pl), North Atlantic Oscillation
(NAO), Southern Oscillation Indgf60OIl) and ArctidOscillation(AO).
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3.5Re2l ationships of SLP with Belg (spring) Rainfall over the

I'n other words, SLP had no s i gipitation of thedtudies pradlowevdr,Nornfalezed Riessure i n p
Tabhiti (SOI), TrandPolar Index (TPI) showed positive correlation with Belg rainfall across Jimma and west Wollega zones. The correla-
tion between North Atlantic Oscillation (NAO), Southern Oscillation Index (SOI) and Arctic Oscillation (AO) with Belg|reriéal
variablein space ranging from no to negative correlation over Western Oi@iigiare 8). The correlation between rainfafid Belg

season rainfall is weak. General, previous study Ayele ¢2@L9) identified the negative influence of NAO on Belg rainfall inrde

gion.

Fig. 8: Correlation oBelg (Spring)Rainfall with SLP Indices Normalized Pressure Tahiti (SOI), Trans Polar Index (TPI), North Atlantic Oscillation
(NAO), Southern Oscillation Index (SOI) and Arctic Oscillation (AO)

4. Conclusion

Associations between regional climates and its potential drivers are important in understanding the rainfall regime efeagiVee

MK -trend test showed an increasing trend change in annual and seasonal rainfall. This may be a signal of climatpatiaingthe

region. Seasonal rainfall relationships with SSTs show: the Nifio regions indices and PDO showed negative correlatiorarituit DMI
AMO showed positive association over the region correlation with kiremt rainfall. Nino region indices, DiMMahdhowed positive
correlation for belg rainfall. On the contrary, PDO showed negative association for the most parts of the region. RrIBelgirain-

fall correlation showed significant positive/Negative spatial association over the western E\(§lega and lllubabor) / the East part
(Jimma & East wollega) of the regiohherelationship between seasonal rainfall and SLP has revealed less spatial significance correla-
tion signals for the study region. But the kiremt rainfall of lllubabor zonevetimegative relation with SOI, NAO and AO, and the rain-

fall of east and west Wollega has negative correlation with TPI. Belg season rainfall showed positive correlation witheldqraat

sure Tahiti (SOI) and TPI.
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