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Abstract

Rainfall remains the crucial component of the weatBlements for improving agricultural yield in Etpia.
Rainfall occurrence analysis is extremely helpfupianning of water resources and agricultural tgraent. A
study was conducted to asses the potential ofcgeiffi rainfall occurrences and precipitation susnd deficits
in the central highland of Ethiopia for a selectigtrict based on thirty three years of weatheorédata. The
FAO(1978) and Reddy (1990) models were employedetothe threshold limits and the Weilbul frequency
formula was used to calculate the probability ofuscences during the two growing seasons, belgishaand
kiremt (main). The results showed that the prolighilf occurrences of the sufficient amount of falhduring
the decades of main rainy season is promisinglylestahile belg is observed to suffer from fewer wrcences
of the sufficient amount even at the lower prokigbikevels (25% probability of occurrences). Thasnfall
water harvesting during the main rainy season fKijés promising either for double cropping praesor other
domestic uses.
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1. Introduction

Rainfall is the dominant source of water for agitiete through out Ethiopia in general and the a@rtighlands
of Ethiopian in particular. Recent studies repotteat the rianfed agriculture is still contributingore than more
than 50% to GDP and about 60% to foreign exchaageirggs and provides livelihood to more than 85%hef
population (Goodswilktal., 2007). But the rainfall variability, unreliableaurrences in sufficient amount and
delay in onset dates are reducing the crop yislttsreasonable amount almost in all parts ofdentry.
Contrary to those facts, large amount of increasgrop yields is expected to come from the rairggdculture
to fill the food demands of the world as whole d@hd country in particular. This is because theee lamited
land resources to bring in to medium and largeesttabation projects and also the investment nexglifor the
same is too big (WDR, 2007. Thus improving the fadinvater management for sustainable crop producti
remains the question to address and the prioribettaken to least maintain the optimum level opcyields.
Some studies conducted in sub-Saharan Africa iteticthat there is a potential opportunity for iragi@g crop
yields in the region. An assessment made by Bat084) showed that the cereal crop yields couldhreachigh
as 3.5 t hdagainst the existing yield 1 t haield estimated by Rockstrom (2003). This wide gaggests that
there is an enormous opportunity to raise cropdyiedm rainfed agriculture. This is entirely linkéal focusing
attention on maximizing yield per unit of water.tBhis requires of adapting to the prevailing climaariability
and rainfall occurrences. Appropriate quantificatioethods of the historic climatic data have beeny Welpful
for planning in crop production and thereby imprayithe desired achievements, increasing the yietdupit
water (Mersha, 2005).

Analysis of Rainfall probability occurrences is beting an important work especially in water resesrsector
and risk associated rainfed agriculture (Sayaral.e2008). Integration of the rainfall occurrenedgth the crop
water requirement is observed to be more practoa sound for many of crop rainfall water managemen
activities. Different researchers and organizatidefned some threshold values of rainfall or waterount for
the crop to grow and perform well in a growing seasAccordingly FAO (1978, 1998) developed simpid s
water balance model that relates the minimum tloleistialue of rainfall with potentail evapotranspioa. In
this model, the rainfall amount in a certain grogviseason should at least be equal half of the paten
evapotranspirtation of the place the crop is toangrbhis is from the plant physiological point okw in that the
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plant is seriously affected if the amount of wagéeren to it is less than this threshold values (@®her 2005).
Reddy (1990) also defined that a 3 mm is the mininaaily rainfall or water mount that an ideal cregjuires
for its crop water requirement.

Therefore the present study critical examined #iafall occurrences at different probability levelsd also
identified the precipitation deficits and surplusam agricultural important district of the centtaghlands of
Ethiopia, bishoftu based on the FAO(1978) and thddy(1990) models so that the result will help @eidion
making of agricultural activities in the study area
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2. Methods and Data

The study district is found at 45 km south easfdtlis Ababa, Ethiopia. The area receives an anmesin

rainfall of around 789 mm with medium seasonal afaitity and bimodal pattern. Theblegr” rain, which is

quite small to support crop production, usually wscduring the periods from the second week of Mado
second or third week of May. The long rainy seasxtends from the second week of June to the laskwé
September. The area is intensively cultivated fopgroduction. The major crop types grown in thetesshed
are wheat and indigenous Ethiopian crop, “teff.

A weather record of thirty three years (1975-20@&s obtained from the Debre Zeit Agricultural Reska
Centre’s weather archive and was organized at dédade unit for appropriate analysis. The standard
meteorological decades (SMDs) are constructedéh auwvay that each month of a given year was dividd¢o

three decades and subsequently the first two tge dee considered as the first and second decadeatih
month, respectively. The rest of days in each magdin will be summed up to form the last or thdetade
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(Messay, 2006). In other words, whole year wiNé&6 decades starting from the month of Januaighwhill
have the first three decades (decade number 1dZpand it follows the same pattern where the tlste
decades of a given year will be for December (decatnber 34, 35 and 36 respectively..

The Weibul frequency formula was employed to obthia rainfall occurrences at 95, 80, 60, 50 and®5
probability levels.

m
n+1

* 100

p:

Where,

P is the percent probability,

M is the rank at which the differenbpability levels of rainfall occurrences for eadbicade when
organised in descending order

n is the number of observations
The reference evapotranpspiration was obtained fiteenCrop wat version 4.3 that employed the Penman-
Month equation as in the equation given below.

0408A[RN - G| + V(gooju e e
_ T +273
A+ y[1+034J,]

ET,

Where

ETo reference evapotranspiration [mm day-1],

Rn net radiation at the crop surface [MJ m-2 day-1]

G soil heat flux density [MJ m-2 day-1],
T mean daily air temperature at 2 m height [°C],

u2 wind speed at 2 m height [m s-1],

es saturation vapour pressure [kPa],

ea actual vapour pressure [kPa],

es - ea saturation vapour pressure deficit [kPa],

Slope of vapour pressure curve [kPa °C-1],
psychrometric constant [kPa °C-1].

The rainfall occurrences at the specified probdélels have been compared with the threshold lefi¢he
reference evapotranspiration, 0.5*ETo to identify precipitation deficit, optimum and surplus psiduring the
two growing seasons, the shorter(belg) and the nadiry season(kiremt) for the district. In genexalescriptive
statistics is used to explain the rainfall and rexiee evapotrapnspiration distribution in the distr

Rainfall distribution is behaving less temporallyatic during the main rainy season (kiremt) whhe shorter
one, belg is observed to have the highest vargliiliall the decades of this particular seasoblétd and 2).
As one can clearly see from the tables, the minincoefficient of variation during the decades of #wrter
rainy season is observed to be above only 88 %gdiedi"), the rest have more than 100% variability. The
higher coefficient of variation implies that pattercould not be easily understood and consequdetiisions
pertaining to crop planting and related activittas only be made with difficulties and with higkki(Yemenu,
2009) during this particular season.

But the statistical analysis of the threshold refiee evapotranspiration values showed low vartgbiith a
standard deviation ranging from 1.17 to 4.16 mm gecade for average values of 19.77 and 21.33 mm
respectively during the decades of the main grovéegson. The same analysis for the shorter seatgh(b
resulted that the minimum and maximum standardadievi values are 2.41 and 6.63 mm per decade tonge
values of 22.9 and 26.72 mm in their respectidem(table 3 and 4).

The results in the above tables indicate thatithiihg factor for crop growth in the district isare of rainfall
variability and occurrences™ of the sufficient ambuhan any other weather element. Hence, planning
agricultural activities should give considerableention to this weather element for successfultgining the
optimum level of crop yields.

From the analysis of the rainfall probability afooirrences it is observed that the main rainyaseas having
well above the threshold limit (minimum of 30mmardecade) for most of the decades of the seasoiglar
probability levels (e.g. 80%). Surprisingly enoutjiie shorter rainy season, belg showed no occleseotthe
threshold limit even at the medium probability lsvE50%), it had only fewer occurrences at the loaree, 25%
probability level. In other words, rainfall abotke threshold limit can be expected in four outfigé
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consecutive years for most the decades of the graiwing season while the shorter one had fewerroecoes
of these even in one out of the four consecutivas(gable 5 and 6).

Similarly, as illustrated in figures 1 and 2 bejotlue ratio between precipitation amount of 50 &6
probability levels and the average of thresholenerice evapotranspiration(0.5*ETo) showed that niiaén
rainy season is still enjoying rainfall amount mudbher than the threshold limit for most of the itecades
while in belg, let alone at the higher probabititighe rainfall amount remained much below thestioéd of the
crop water requirement at 50% probability of ocenges for all the decades(figure:3). But some pr@mas
should also be done during decade 21 of the maiy iseason as it carries the highest possibilityunf of
because of surplus precipitation. The ratio betwiberprecipitation and the threshold ETo is ne&wlyfold in
this particular decade. As result there could &is high risks of waterloging conditions which kbaffect the
crops because of poor aeration and in additiomreth@ght be damages due to erosion in the dowmstez
areas of the district. This is parallel to theutessobtained from elsewhere in the world that whpegcipitation
values are in excess of the potential evapotraauspir, especially for regions having poor infiltcat capacity of
soils, there is danger of flood and acceleratedieno(Mutsaers, 1997).

In general, moisture from rainfall is critical dogi the shorter rainy season and thus it can reslerto harvest
the major crops grown in the district (wheat, chiek and the indigenous crop ‘tef’) as it does atisfy the
crop water requirements of those crops (Yemenu9 20@ Sihin and Yemenu, 2009). But, the moistumndu
this period could be used to facilitate land prefian activities for early planting in the main mgiseason
(Mersha, 2005) and this subsequently saves tinte moisture that could have been used from the main
cropping season. As a result, planting could beiezhout earlier during the start of the main seasnd the
probable loss of moisture for the land preparagictivity duringKiremt could be minimized.
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Table:1 Rainfall behaviour during the main raingsen(Kirmet)
(1975-2007)

Parameters

Decade

no Minimum(mm) Maximum(mm) Average(mm) SD(mm) CV(%)
16 0 113 20.15 24.23 120.24
17 0 125 28.88 26.11 90.42
18 2.8 118 43.24 24.50 56.65
19 3.9 124 59.70 32.02 53.64
20 17.3 114 58.63 24.67 42.07
21 12 168 74.00 31.90 43.11
22 0 122 62.33 30.40 48.78
23 0 122 62.33 30.40 48.78
24 0 125 56.42 29.28 51.89
25 7.3 82 37.83 20.03 52.94
26 0 97 33.61 24.23 72.10
27 0 94 18.89 19.09 101.06

Table:2 Rainfall behavior during the decades ofstherter rainy season(,belg)
(1975-2007)

Parameters

Decades Minimum(mm) Maximum(mm) Average(mm) SD(mn§QV (%)

7 0 139 13.85 26.97 194.71
8 0 87 17.45 24.19 138.61
9 0 117 25.30 30.59 120.91
10 0 70 21.25 22.29 104.88
11 0 58 16.75 14.79 88.32

12 0 71 17.30 20.00 115.60
13 0 109 22.72 30.20 132.95
14 0 83 13.18 19.64 149.03
15 0 149 19.53 30.08 154.01

Tabel:3.Statistical Behaviour of the threshold efU5*ETo) of the reference evapotranspiratiokiiamt

Parameters

Decade no Minimum Maximum Average SD CV
16 19 28 21.60 2.16 10.00
17 19 26 21.13 1.72 8.12
18 18 42 21.13 4.16 19.68
19 17 22 20.13 1.22 6.08
20 16 22 19.77 1.17 5.89
21 15 23 19.76 1.41 7.11
22 15 23 19.47 1.57 8.06
23 15 24 19.53 1.78 9.09
24 15 25 19.63 1.96 9.96
25 16 26 20.03 211 10.53
26 17 27 20.27 2.26 11.14
27 18 27 20.70 2.56 12.38

SD -Standard deviation
CV-Coefficient of variation
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Tabel:4.Statistical Behavior of the threshold veJUS*ET0) of the reference evapotranspirationeigb

Parameters

Decade no Minimum Maximum Average SD CV

7 22 34 25.79 2.92 11.32
8 22 34 25.72 2.90 11.28
9 22 58 26.72 6.63 24.82
10 21 33 25.45 2.81 11.04
11 21 29 24.69 2.44 9.87
12 20 33 24.76 2.79 11.25
13 21 33 23.97 2.77 11.56
14 20 32 23.38 2.38 10.19
15 20 31 22.90 241 10.53

Tabel:5. Rainfall occurrences at different prohigpilevels during kiremt, the main rainy
season(1975-2007)

Probability levels (%)

Decades 95 80 60 50 25 5
17 0.87 6.63 17.33 24 42 111.67
18 8.93 22 33.33 40 60 105.33
19 4.1 33 47.67 53 87.5 122.3
20 23.5 35.3 46.4 54.1 75.15 111
21 20 45.67 61.67 73 93 155.33
22 19.33 36.67 46.33 51 91 119.67
23 19.70 36.25 46.75 52.00 90.70 1175
24 5.87 34.33 46.67 52.00 68.00 123.67
25 7.8 16.0 29.7 38.0 53.0 79.7
26 2 11.67 27.67 33 42 95.33
27 0 2.17 12.67 13.00 29.00 78.33
28 0 0 0.9 2.1 15 95

Tabel:6. Rainfall occurrences at different prohiaibilevels during belg, the shorter
rainy season(1975-2007)

Probability levels (%)

Decades 95 80 60 50 25 5
7 0 0 0 15 25 73
8 0 0 1 4 30 73
9 0 1.23 9.36 17 41 74.66
10 0 1.20 6.1 18 38.5 67.67
11 0 2.37 10 13 27 53.67
12 0 0 6.67 9 27 71
13 0 0 9.5 14 27 99
14 0 0 1.7 2.9 21 72.33
15 0 0 3.53 9.4 245 127
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Figure 1. Comparison of precipitation at 50% prolitgtof occurrences and average 0.5*ETo(Kiremt)
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