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Introduction

Rainfall is the most important
climate parameter

85% of the population is
involved in agricultural activities
98% of the Energy comes from
Hydropower

but it exhibits high spatial and
temporal variation
Need for early warning system!
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Identifying homogeneous rainfall zones
Challenge: high spatial variability
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Zoning is carried out based on:
Seasonal cycle
Inter-annual variability
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Predictors Identification
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Selection procedure

Four sets of Predictors (A’, B’, A and B) are created
using:

A’: stepwise regression and including predictors
from contemporaneous season
B’: stepwise discriminant analysis and including
predictors from contemporaneous season
A : stepwise regression and excluding predictors
from contemporaneous season
B : stepwise discriminant analysis and excluding
predictors from contemporaneous season
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Selected Predictors
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Forecasting Models
Linear Discriminant Analysis (LDA)

Pr(Wi|X) =
Pr(Wi)f(X|Wi)

P
j Pr(Wj)f(X|Wj)

; ln(f(X|Wi)) = αi1x1+αi2x2+· · ·+αinxn+Γi

Pr(Wi|X) =
edi

P
j edj

;where di = αi1x1+αi2x2+· · ·+αinxn+Γi+ln(Pr(Wi))

Where αij = S−1

ij x̄i and Γi = −
1

2
x̄T

i S−1x̄i

d=discriminant score, Pr(Wi) = apriori probability, Wi = the ith category, f = density function

Multiple Linear Regression (MLR)

Pr(Y|X) ∼ N(Ŷ, σ2)

where; Ŷ = β̂X and σ2 = σ2

o
[1+X

′

o
(X′X)−1

Xo]

Y = Rainfall ; X= predictors (SSTA); β = regression parameter
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Hindcast
Cross-validation with leaving 3 years out

20
02

19
71

19
72

19
70

20
00

20
01

19
69

20
03

OmitForecastTraining

19
73

water resources workshop 2009 – p. 9/2



Skill Assessment
Relative Operational Characterstics Score (ROCS)

Area under ROC curve
Compares against a random forecast
For a skillful forecast → ROCS > 0.5

ROC Curve

1False Alarm Rate 
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Predictors MLR LDA MLR LDA MLR LDA
Set A’ 0.90 0.87 0.74 0.64 0.92 0.84
Set B’ 0.88 0.84 0.70 0.63 0.92 0.88
Set A 0.83 0.81 0.70 0.59 0.85 0.83
Set B 0.85 0.81 0.61 0.59 0.83 0.82

Better than a random forecast
Lower skill in the near Normal category
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Skill Assessment II
Ranked Probability Skill Score (RPSS)

RPSS = 1−
RPSforc

RPSclim

RPS = 1
K−1

[
∑K

i=1(CDFforc,i − CDFobs,i)
2]

For a skillful forecast → RPSS > 0 Forc
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Summary on statistical forecasting

Due to high spatial variation forecasting should be done for
each homogeneous rainfall zones separately

Linear approach yields a better skill compared to climatology
or random forecast

Outer categories have more skill than the inner ones

The skill of the forecast is highest for northwest

MLR tend to slightly outperform LDA

Including contemporaneous SST has a huge impact for central
part of Ethiopia
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ECMWF ENSEMBLE Hindcast

Resolution : 1.50×1.50 in horizontal and 40L in vertical

Hindcast period: 1991-2001

9 member ensembles

addressing forecast uncertainity

uncertainity in initial condition: Perturbed initial conditions
model error: Perturbed physics

Two start dates (May and November): we use the May 1st start

6 month hindcast (May 1st - November 1st)
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Spatial variability: Climatology
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Ensemble mean climatology vs ERA-Interim
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Interannual variability
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Summary and future work
Spatial variability is reasonably reproduced
It seems that the model captures ENSO related rainfall
variability
It needs to be downscaled if we have to use it as an input for
impact models
The skill between statistical and dynamically downscaled
rainfall should be compared water resources workshop 2009 – p. 16/2



Future work: dynamical downscaling
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Thanks
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Identifying homogeneous rainfall zones

Classification based on seasonal cycle

Feb Apr Jun Aug Oct Dec
0

50

100

150

200

250

300

350

Month

R
a

in
fa

ll(
m

m
)

Zone I

35 40 45

4

6

8

10

12

14

Longitude

L
a

ti
tu

d
e

I

water resources workshop 2009 – p. 20/2



Identifying homogeneous rainfall zones

Classification based on seasonal cycle
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Identifying homogeneous rainfall zones

Classification based on seasonal cycle
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Identifying homogeneous rainfall zones

Classification based on seasonal cycle
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Identifying homogeneous rainfall zones

Classification based on seasonal cycle
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Identifying homogeneous rainfall zones

Classification based on seasonal cycle
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Identifying homogeneous rainfall zones
Classification by Interannual variability

JJAS Z-I Z-II Z-III Z-IV Z-V Z-VI

Z-I 0.03 0.08 0.17 0.12 0.08 -0.09

Z-II 0.08 0.13 0.14 0.10 0.18 0.07

Z-III 0.17 0.14 0.27 0.23 0.21 0.02

Z-IV 0.12 0.10 0.23 0.51 0.24 0.00

Z-V 0.08 0.18 0.21 0.24 0.20 0.12

Z-VI -0.09 0.07 0.02 0.00 0.12 0.15
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Identifying homogeneous rainfall zones
Classification by Interannual variability

JJAS Z-I Z-II Z-III Z-IV Z-V Z-VI

Z-I 0.03 0.08 0.17 0.12 0.08 -0.09

Z-II 0.08 0.13 0.14 0.10 0.18 0.07

Z-III 0.17 0.14 0.27 0.23 0.21 0.02

Z-IV 0.12 0.10 0.23 0.51 0.24 0.00

Z-V 0.08 0.18 0.21 0.24 0.20 0.12

Z-VI -0.09 0.07 0.02 0.00 0.12 0.15

35 40 45

4

6

8

10

12

14

Longitude

La
tit

ud
e

I

II
III

IV

V

VI

⇒

JJAS Z-I Z-IIa Z-IIb Z-III Z-IV Z-V

Z-I 0.26 0.16 0.02 0.16 0.16 -0.06

Z-IIa 0.16 0.24 0.15 0.15 0.14 0.05

Z-IIb 0.02 0.15 0.33 0.16 0.13 0.08

Z-III 0.16 0.15 0.16 0.25 0.17 -0.08

Z-IV 0.16 0.14 0.13 0.17 0.31 -0.06

Z-V -0.06 0.05 0.08 -0.08 -0.06 0.14

35 40 45

4

6

8

10

12

14

Longitude

L
a
tit

u
d
e

I

IIa

IIb

III
IV

V

water resources workshop 2009 – p. 21/2


	Gulilat Tefera Diro
	Outline
	Introduction
	Identifying homogeneous rainfall zones
	Predictors Identification
	Selection procedure
	Selected Predictors
	Forecasting Models
	Hindcast
	Skill Assessment
	Skill Assessment II
	Summary on statistical forecasting
	ECMWF ENSEMBLE Hindcast
	Spatial variability: Climatology
	Ensemble mean climatology vs ERA-Interim
	Interannual variability
	Future work: dynamical downscaling
	hindcast
	Identifying homogeneous rainfall zones
	Identifying homogeneous rainfall zones
	Identifying homogeneous rainfall zones
	Identifying homogeneous rainfall zones
	Identifying homogeneous rainfall zones
	Identifying homogeneous rainfall zones
	Identifying homogeneous rainfall zones
	Identifying homogeneous rainfall zones


