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Abstract

Climate Forecast System Reanalysis data offer a promising database for overcoming the limitations in availability and reliability
of climatological data and, hence, for understanding the hydrological processes. Using these data on grid-by-grid, seasonal and
yearly scales, the present study attempts to advance the spatiotemporal evaluation of two radiation-based (Priestley—Taylor
and Makkink) and three temperature-based (Hargreaves—Samani, Thornthwaite and Blaney—Criddle), against estimates of grass
reference evapotranspiration (ETo) by FAO Penman-Monteith method (FAO-PM). The analysis was performed for the period
1979-2013, considering the second largest (79,000 km2) river system in Ethiopia, i.e. Omo-Gibe basin, which accommodates
national parks and vast hydropower, cultivation and afforestation developments and discharges its flow to Lake Turkan in
Kenya. To comprehensively explain the pattern of PET, the influences of temperatures, rainfall, wind speed, radiation, relative
humidity and elevation on PET were also examined. The results emphasize the outperformance of Hargreaves-Samani method.
In overall, both the annual and seasonal FAO-PM estimates are captured by this method for most of the grid locations.
Annual trends in ETo in the upper region increased but rainfall trends decreased. These trends might negatively impact the
rain-fed food production by reducing soil moisture availability in the river basin. Comparatively, trends in rainfall in the
middle and lower regions increased with a higher magnitude while ETo increased with a smaller magnitude compared. The
above-mentioned trends in ETo are attributable to rising temperature and decreasing relative humidity, wind speed, and solar
radiation, respectively. If these trends would continue, we would expect increase in soil moisture for sugarcane plantation in the
middle and lower region and attenuation of water loss from reservoirs in the river basin. This study improves the understanding
of the best potential evapotranspiration methods in similar data-scarce river basins in Ethiopia or other transboundary rivers

in the region or worldwide.
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a) Kendall correlation b) Percent Bias Error C) Root Mean Square Error



a) Kendall correlation b) Percent Bias Error C) Root Mean Square Error



This a preprint and has not been peer reviewed. Data may be preliminary.

5528

au.160:

22541

https:

reserved. No reuse without permission

t holder is

Posted on Authorea 16 Nov 2020

IE

B 107121200 [EN

[ J2100-2200 &N

[ =
0 2550 75
T T
6'E e

36°E 37°E

38E

38°E

39°E

8° N1

7° N

6" N4

57N+

0 25 50 75

IO Kilometers

9N

B 1071-1200 &N
I 1200 - 1300
[ 1300 - 1400
[ 1400 - 1500
[1s00-1600 |
[ 1600 - 1700
[]1700- 1900
[ 1900 - 2000
[] 2000 - 2100
2100-2200 6N
[ 2200 - 2300
[ 2300 - 2450
[ 2450 - 2600
I 2600 - 2750
I 2750 - 2948

——— Makkink

F5°N

T T
36°E 37°E

36'E 3E

T
39°E

39E

5* N

N

Legend
FAO Penman Monteith|
ETo (mm)
B 071-1200 [N
I 1200 - 1300
[ 1300 - 1400
17 1400 - 1500
[ 11500 1600 Lrn
1 1600- 1700
[ 11700- 1900
11900 2000
[ 12000- 2100
[ 121002200 6N
[ 2200 - 2300
[ 2300 - 2450
I 2450 - 2600
I 2600 - 2750
B 2750 - 2948

~ Thornthwaite

SN

9E

e

9" N+

&' N

7 NA

6" N+

-
0 25 50 75

kot N

FS'N

36°E

T
e



Data may be preliminary.

This a preprint and has not been peer reviewed

901 /v1

10.22541

doi.org

https:

out permission

2
Z,

funder. All rights reserved

author

10lder is the

The copy

)20

(

Posted on Authorea 16 Nov

53

y
56
5

R

B

)

137 44 19 29 34
T TS

a7 %”/ 463 50
\

23 26
BC ™™ ’
20 _\95\33
2y s
\, -y
o Bage
/ N
3 s0 34 24 1820
/'l
28 40 32 20
- ) P
B w2 2 20 ‘n‘/ /‘uw‘:ﬁ‘\_ao/jso 30 25 2
- - )
N7 20 20 19 R T3 16 18 21 24 o
7 - 7 "
B2 38 19 18 19 a7 }ﬂ _1‘5].30 19021 21 33 29 25
. S < P
16 18 20 20 19 18 AN IR
4
e s 22 25 2 4 57 62 322 161 155 _zjs
y P
b a7 a7 _20/_:\:6’7._@/‘ 34 ,‘[-5‘ 65 65 24022207
N { $ (
18 18 16 18 18 17 \83 135 68 2
e s e s e s s L
15 38 17 15 16 65 313 157 88 s(g
S5JE T 213 157 88 54
16 16 16 fs> 16 124 Ma6 102 T 67
Je e e T e oz
15 4‘7 a6 38 16 95 12926 91
! P { (r‘
16 /17 6 1687127
L% g 1)
s 189
Ol k)
MK HS
A9N\63 BN
< \ < -
3 _ss\,579 59 65 35 576 61 58

.
5 s ‘;‘9"’65137

55) 54 597

J .
56 53 57 65 7397

i
63 55 60 56 ,:64

}gx_ﬁ’{“\fh%ﬂ 51 54 8
L

. AN
~ )
4 s ‘25,27 36 39 39 51 g0
=y 5 y
34 38 3 _(J_49 26 33 40 40 44 ¢
J ’K\ P
; LR S
s s j{
A
. S(. 26 26 _34/»'/‘/1}/
\.\ 20 009 O,
Lo
~
RIS
B
LB
\ 5
29 38 /a5
42




5 05

04 05 06 05 06
04 05 06 06 06/ bps 05 04 04

04 06 08 06 0f

3500

3000

2500

2000

ETo (mm)

1500

1000

L
4

-
98 0808 0o po

/!

07 08 06 o1 87

06 07

07

09
B

o6 08 07 07 ods07

05070708 08 06 g{ A BEN05 04 04 04 3

o4>,044 05N06
Ra PR Tmean ¢
7 0.32\033 029
033 029, X
020 01§ 0.

é«’w.u‘n.zn‘n.n‘ fos o8
o 025 02 06-Ds 05
X s 05 05 05
) 016 3:}5 04 04 04 04
.. o9 04 04 04 05 04

pg’: 04 04 05 05 05

03404 05 04 05-6¥lgs
$

Sos 04 04 ds o4

¢ 04 0

)
04 04 04

05 04
o5

35770 9357

e
07 0304 05 04 04

A
03" 04 05 04 o4 ¢

8791 92 119 92

s o2,

¥

20 3202

05 05 4
705 05

Cos 05 7 5

04

Wind

P

05 06 08305
/
05 05 gb
05 of
§
o0
04 ga
54 g
04
of

-

3500
y = -602.4In(x) + 6125.6

2 =0.66
3000 °

2500 -
d

ETo (mm)

2000 -

1500 -

300

1000

y = 5925.1x-0.182
R*=0.81

&
3’%” ®e o ®

800 1300 1800 2300 2800 3300 0

Elevation (m)
(@)

1000 2000 3000 4000
Rainfall (mm)

)

5000



