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runoff by 15.3% and 19.9% for 20mm and 36mm of rainfall events respectively taking the 

cumulative land use/cover cbange occurred for in period the 1986-2000. These were happened 

mainly because of the increment in woodland and farmland at the expense of shrub and scrub. 

On the other side, an increment of the total volumetric runoff by 3.8% and 23.2% were 

observed for 20mm and 36mm of rainfall due to the cumulative effect of land use/cover 

change occurred in the period 2000-2007. These can be mainly due to the decrement of 

woodland by 5.3% of change on woodland that was occurred during the period. 

For land use/cover change from shrub to woodland with HSG A result a decrement on runoff 

depth by 55 .1 % and 37.6% for 20mm and 3,6mm of rainfall respectively. For land use/cover 

change from scrub to farmland with HSG B, there was a decrease on the runoff depth by 3.8% 

and 2.1 % for 20mm and 36mm respectively. Because usually poor results are obtained for 

small events, the results from 20mm and 36mm rainfall are quit reasonable. 

6.2 Recommendations 

• Special attention should be given on conservation and protection of land use/cover 

classes that shows inconsistent dynamics in the area. Mainly, woodland and shrub 

which relatively contributes a large portion in reducing the direct runoff generated 

from a given rainfall events. 

• An intensive work need to be done on the sloppy hills in the area to reduce the 

potential of generating high runoff and to rehabilitate the degraded environment by 

implementing conservation activities like Plantation, Terracing etc. 

• Creating awareness among the society concerning optimum use of natural resources, 

conservation systems and their benefits by policy makers and NGOs could play 

important role in rehabilitation of the environment which return a positive impact on 

the hydrology of the area by improving the portion of rainfall that infiltrates to the 

soil. 

• Further study on determination of CN for those land use/cover classes which were not 

considered by Descheemaeker et al. (2008) and for those with high standard error will 

improve the reliability of the SCS-CN method in semi-arid environments of Ethiopian 

highlands. 
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Appendix 

Appendix-A Confusion Matrix 
Confusion Matrix of 1986 image classification 

• Reference Data 

Classif Rock Fann Row Producers Users 
Data Unclass Shrub Grass Bare Scrub out Wood Ld Total Accuracy Accuracy 

Unclass 17 0 0 0 0 0 0 0 17 --- ---
Shrub 1 7 0 0 1 0 0 0 9 77.78% 77.78% 

Grass 0 0 4 0 0 0 0 0 4 80.00% 100.00% 

Bare 0 0 0 5 0 0 1 0 6 100.00% 83.33% 

Scrub 0 0 1 0 6 0 0 1 8 75.00% 75.00% 

Rockout 0 0 0 0 0 4 0 0 4 80.00% 100.00% 

Wood 0 1 0 0 0 0 3 0 4 75.00% 75.00% 

Fann Ld 0 1 0 0 1 1 0 17 20 94.44% 85.00% 
Column 
Total 18 9 5 5 8 5 4 18 72 

Overall ClasslficatJon Accuracy = 87.50% and Overall Kappa StatJstJcs = 0.8488 

• 
Confusion Matrix for 2000 image classification 

Reference Data 

Classif Wtr Row Produc. Users 
Data Unclas bdy Wd Gr Sh Fml Rck Bar Sc Total Accurcy Accurcy 

Unclas 8 0 0 0 0 0 0 0 0 8 --- ---
Wtrbdy 0 5 0 0 0 0 0 0 0 5 100.00% 100,00% 

Wd 0 0 6 0 1 0 1 0 0 8 85.7 1% 75.00% 

Gra 0 0 1 6 1 0 0 0 0 8 85.71% 75.00% 

Sh 0 0 0 1 7 0 0 0 0 8 77.78% 87.50% 

Frrn 0 0 0 0 0 7 0 1 0 8 87.50% 87.50% 

Rck 0 0 0 0 0 0 8 0 0 8 88.89% 100.00% 

Bar 0 0 0 0 0 1 0 7 0 8 87.50% 87.50% 

Sc 1 0 0 0 0 0 0 0 7 8 100.00% 87. 50% I 
Colmn 
Total 9 5 7 7 9 8 9 8 7 69 

Overall ClassIficatIOn Accuracy = 88.41 % and Overall Kappa StatJstJcs = 0.8693 l 
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Appendix-B OIF for 1986, 2000 and 2007 Imageries 

J 

LSD; 
OfF = -,---'="-,-' -­

J 

LABs(cCj) 
j=! 

SDi is the standard deviation of band i and ABS(CCj) is the absolute value of the correlation 
coefficient between any two of the possible three pairs. 

Band Band 
Serial Comb €Oi €I CCi I OIF Serial Comb. €Oi €I CCj I OIF 

102.8 • 
LOO 3,5,7 I 2.97 34.60 LOO 3,5,7 85.25 2.97 28.71 
2.00 2,3,4 9L09 2.96 30.78 2.00 4,5,7 83.04 2.96 28.06 
3.00 2,3,5 8921 2.97 30.08 3.00 3,4,5 80.00 2.96 27.00 
4.00 4,5,7 81.44 2.95 29.69 4.00 2,3,4 78.36 2.91 26.93 
5.00 1,5,7 84.92 2.92 29.04 5.00 1,3,5 75.32 2.92 25 .77 

6.00 3,4,5 8556 2.95 29.01 6.00 2,5,7 76.17 2.96 25 .76 
7.00 1,3,5 83.04 2.93 28.31 7.00 1,4,5 73.11 2.92 25.02 
8.00 2,3,7 82.73 2.96 27.91 8.00 2,3,5 73.13 2.96 24.67 
9.00 3,4,7 79.09 2.94 26.91 9.00 2,4,5 70.92 2.96 23.99 

10.00 1,3,7 7656 2.93 26.14 10.00 1,2,5 66.24 2.93 22.60 
11.00 2,4,5 73 .84 2.95 25.02 11.00 3,4,7 63.32 2.96 2L43 
12.00 1,2,5 7131 2.94 2423 12.00 1,3,7 58.64 2.92 20.10 
13 .00 1,4,5 67.66 2.93 23.09 13.00 1,4,7 56.43 2.91 19.40 
14.00 2,4,7 6736 2.94 22.n 14.00 2,3,7 56.46 2.96 19.06 
15.00 2,5,7 65.48 2.96 22.10 15.00 2,4,7 54.25 2.95 18.41 

16.00 1,2,7 64.84 2.94 22.08 16.00 1,3,4 53.39 2.94 18.15 
17.00 1,2,3 62.96 2.97 2L23 17.00 1,5,7 5L21 2.98 17.21 
18.00 1,4,7 6L19 2.91 20.99 18.00 1,2,7 49.57 2.92 16.95 
19.00 1,3,4 59.31 2.94 20.16 19.00 1,2,3 46.53 2.96 15.71 
20.00 1,2,4 4759 2.96 16.06 20.00 1,2,4 44.32 2.96 14.99 

OIF for 1986 Image OIF for 2000 Image 

Addis Ababa Univers ity, Department a/Earth Sciences, GIS & RS; MSc Thesis by Filstlm Melaku, 2010 

- . ... , 



The Effect of Land lise Land cover Change on Hydrologic Response ofWukro-Genfel Catchment. Tekeze Basin. Ethiopia 

Band 
Serial Comb. €Oi € I CC.i I OIF 

1.00 3,5,7 134.57 2.97 45.28 
2.00 4,5,7 131.26 2.96 44.42 
3.00 2,3,4 129.33 2.95 43.80 
4.00 2,5,7 125.01 2.96 42.24 
5.00 1,5,7 123.45 2.92 42.21 
6.00 2,3,5 123.08 2.96 41.52 
7.00 1,3,5 121 .53 2.93 41.44 
8.00 3,4,7 120.66 2.95 40.94 
9.00 2,4,5 119.78 2.95 40.54 

10.00 1,4,5 118.22 2.93 40.30 
11.00 2,3,7 114.41 2.96 38.59 
12.00 1,3,7 112.85 2.93 38.53 
13.00 1,2,5 111.97 2.94 38.06 
14.00 2,4,7 111.10 2.94 37.73 
15.00 1,4,7 109.55 2.92 37.50 
16.00 3,4,5 109.18 2.97 36.80 
17.00 1,3,4 107.62 2.95 36.53 
18.00 1,2,7 103.30 2.94 35.19 
19.00 1,2,3 101 .37 2.97 34.16 
20.00 1,2,4 98.06 2,97 33.07 

OIF for 2007 Image 
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Appendix-C Local CN Determined by K. Descheemaeker et al. (2008) 

Plot AMCI AMCII AMC III 
Land use C st CN st SII CN R st 
Typel Code n Sl Nl R2 err n SII II R2 err n I III 2 err 

0.9 4 4 o. 1.3 
MRAI 90 6.4 98 6 0.5 6 6.5 98 0.93 0.6 6 9.9 96 87 9 

12. 0. 8 4 4 12. o. 1.2 
MRA2 90 9 95 9 1.1 6 11.8 96 0.85 1.3 6 4 95 92 4 

81. 0.4 4 3 41. o. 4 .9 
Grazing KRA 95 I 76 7 5.4 7 28. 5 90 0.37 4.9 3 5 86 64 3 
Land 108 0.1 15. 4 4 23 . o. 2.7 

ARA 75 .7 70 8 5 0 I 1.5 96 0.87 1.5 8 8 91 76 8 
Average 84.8 

CN(stdev) (1 3.8) 95.0 3.5) 92 .04.5) 
51. 0.8 4 4 38. o. 4.8 

MXYI 90 4 83 7 2.3 6 46.5 85 0.7 3.7 6 6 87 69 9 
31. 4 4 26. o. 2. 1 

MXY2 90 9 89 0.8 2.4 6 31.5 89 0.79 2.6 6 6 91 9 9 
35. 0.8 4 4 33. o. 2. I 

MXY3 90 3 88 4 2. 1 6 38.3 87 0.64 3.7 6 3 88 91 2 
214 0.1 4 132. 3 o. I I. 

KXYI 95 .8 54 2 9.7 7 9 66 0.25 8.9 3 87 74 51 2 1 
73. 0.6 3 2 o. 6.0 

young KXY2 86 6 78 4 4.7 8 70.7 78 0.29 10 2 62 80 8 I 

exclosure 116 0.3 4 3 28. o. 5.3 
KXY3 95 .8 69 7 7.3 7 28 90 0.29 6.3 3 6 90 59 5 

363 0.1 27. 4 140. 4 232 O. 16. 
AXYI 75 .6 4 1 9 6 0 I 64 0.28 12.2 7 .9 52 06 82 

0.1 28. 4 4 107 o. 8.7 
AXY2 75 274 48 8 6 0 53.7 83 0.33 10.4 7 .3 70 56 2 

Average 68.8(18.9 
CN(stdev) 80.3(10.2) 79.0(13 .3) 

132 0.4 4 0.8 4 192 O. 10. 
MXOI 90 .8 66 6 8.4 6 87.8 74 I 3.5 6 .2 58 64 7 

167 0.5 4 100. 0.8 4 146 O. 8.4 
MX02 90 .3 60 2 7.9 6 6 7 1 2 3.8 6 .5 63 74 I 

186 0.5 4 0.2 4 2 18 O . 2 1. 
MX04 90 .1 58 4 8.2 6 144 64 9 10.4 6 . 6 47 32 2 

189 0.5 4 122. 0.1 4 188 O. 8.5 
Mld+old I MX08 90 .7 57 9 7.6 6 6 67 6 26 6 .9 57 76 7 
exclosure 318 25. 4 176. 0.1 3 183 O. 9.3 

KXMI 95 .2 44 0 3 7 2 59 6 12 3 .5 58 67 3 
26 1 0.1 12. 4 173. 0.4 3 231 o. 5.4 

KXM2 95 .9 49 2 2 7 5 59 9 5.9 3 .4 52 85 3 
Average 

CN(stdev) 55.77.9) 65.7(6.2) 55.8 5.6) 
Old 2 0.0 30. 4 5.4' 5' 10 5.2' 1 4 336 O. II . 
exclosure MX03 90 286 47 3 3 6 10' ·6 0 0' 6 .9 43 74 04 

386 0.0 20. 4 5.4' 5'10 2.4'1 4 436 O. 23. 
MX05 90 .9 40 I 2 6 10' ·6 0 0' 6 .4 37 18 04 

396 0.0 17. 4 5.4' 5' 10 1.6* I 4 485 O. 27. 
MX06 90 .6 39 6 7 6 10' ·6 0 0' 6 .9 34 06 35 

I 
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Plot AMCI AMCII AMCIII 
Laod use C st CN I R2 1 

st 811 CN R st 
Typel Code 0 81 NI R2 err 0 811 II err 0 I III 2 err 

316 0.6 4 260. o. 4 563 108 
MX07 90 .1 45 4 7. 1 6 2 49 44 6.7 6 .2 31 0 .2 

3 19 0.5 4 504" 5"10 1.3"1 4 85. 
MX09 90 A 44 I 9.5 6 10' .. 0 0' 6 573 31 0 29 

290 0.3 4 2.7" 5"10 2.2"1 3 o. 14. 
KX02 95 .8 47 4 7. 1 7 10' ·6 0 0' 3 18 1 58 45 7 

Average 43.7 8.20 39.0 
CN(stdev) (304) (20.0) (10.3) 

69. 0.7 4 0.3 5 112 o. 13. 
AEUI 87 5 79 4 4.5 3 78.6 76 9 9.6 I .8 69 25 76 

244 19. 4 128. 004 5 182 o. II. 
Eucaly. AEU2 87 .3 51 0.2 7 3 6 66 7 10 I A 58 43 47 
Plantatio Average 65 .0 390. 

CN(stdev) (19.8) 71.0 7.1) (10.3) 
Church 449 0.2 4 504" 5" 10 5.9 • 4 632 30. 
forest MFO 90 .8 36 4 8.2 6 10' .. 0 10' 6 .6 29 0 54 

Number of observations (n), storage parameter (s), corresponding curve number (eN), R2 of 
the rainfall runoff model using the eN, standard error of the S estimate (st err) for each 
antecedent moisture condition (AMe) and average curve number for each land use type with 
standard deviation in parentheses. 

(Source: Descheemaeker et aI., 2008) 
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Appendix-D Runoff Map for the Year 1986 and 2007 

Legend 
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Appendix-E Raw Images 

Landsat ETM+ 2007 Path 168 Row 050 (True Color Composite) 
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Landsat TM 2000 Path 168 Row 050 (True Color Composite) 
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Landsat TM 1986 Path 168 Row 050 (True CO!3r Composik) 
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Appendix-F August Daily Rainfall Data for Year 2001 to 2008 

Edaga Thiessen 
Date Senkata Hamus Wukro Hawzen Polygon 

I-Aug-2001 5.8 9.25 10 12.7 7.45 

2-Aug-2001 1.3 1.65 l.5 2 1.40 

3-Aug-2001 19.6 10.65 128 1.7 49.61 

4-Aug-2001 14.2 9.45 9.5 4.7 12.23 

5-Aug-2001 0 0 0 0 0.00 

6-Aug-2001 0.9 0.45 24.5 0 7.63 

7-Aug-2001 12.8 32.25 26.4 51.7 19.22 

8-Aug-2001 3.7 18.85 0 34 4 .59 

9-Aug-2001 1.8 1.4 0 I 1.23 

10-Aug:2001 0 25.5 6.4 51 5.14 

ll -Aug-200 I 77.1 48.55 0 20 51.24 

12-Aug-2001 0 0 0 0 0.00 

I3-Aug-2001 14.3 17.15 0 20 10.56 

14-Aug-200 I 0 5.25 26.4 10.5 8.27 

15-Aug-2001 1.2 13.1 40 25 13.89 

16-Aug-200 I 7.7 3.85 0 0 4.99 

17 -Aug-200 I 0 0 0 0 0.00 

18-Aug-200 I 0 0.85 4.6 1.7 1.43 

19-Aug-200 I 8.6 7.8 0 • 7 6.02 

20-Aug-2001 0 0 0 0 0.00 

2 1-Aug-200 I 0 0 0 0 0.00 

22-Aug-200 I 0.8 0.4 0 0 0.52 

23-Aug-200 I 2.4 6.55 6.4 10.7 4.09 

24-Aug-2001 2.8 1.4 27.8 0 9.81 

25-Aug-200 I 0 0.85 27.8 1.7 8.10 

26-Aug-200 I 0 0 66 0 18.97 

27-Aug-2001 6 3 0 0 3.89 

28-Aug-200 I 0 2.85 0 5.7 0.37 

29-Aug-200 I 0.9 5.55 0 10.2 1.24 

30-Aug-200 I 9.6 27.95 0 46.3 9.21 

31-Aug-200 I 2.4 1l.55 0 20.7 2.89 

I -Aug-2002 0.3 1.05 0 1.8 0.31 

2-Aug-2002 0 9.5 2.3 19 1.89 

3-Aug-2002 17.3 15.75 6.6 14.2 14.02 

4-Aug-2002 8.4 6.55 60.4 4.7 23 .11 

5-Aug-2002 8.3 4.15 60.2 0 22.68 l 
6-Aug-2002 14.4 25.7 5.5 37 13.30 
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Edaga Thiessen 
Date Senkata Hamus Wukro Hawzcn Poly~on 

7-Aug-2002 7.2 10.1 86.5 13 30.37 

8-Aug-2002 6 11.5 40.2 17 16.54 

9-Aug-2002 10.4 7.75 40.3 5.1 18.65 

IO-Aug-2002 0 0 0 0 0.00 

ll-Aug-2002 7.3 3.65 6.7 0 6.66 

12-Aug-2002 0 0 8.4 0 2.4 1 

13-Aug-2002 7.4 6.3 0 5.2 5.13 

14-Aug-2002 20 10 0 0 12.96 

15-Aug-2002 6.6 3.3 2.3 0 4.94 

16-Aug-2002 20 31 20 42 21.42 

17-Aug-2002 11.7 8.35 38.4 5 18.94 

18-Aug-2002 22.2 14.75 6.6 • 7.3 16.75 

19-Aug-2002 0 6.35 0 12.7 0.82 

20-Aug-2002 0 0 0 0 0.00 

21-Aug-2002 0 3 0 6 0.39 

22-Aug-2002 0 0 0 0 0.00 

23-Aug-2002 0 0 0 0 0.00 

24-Aug-2002 0 0 0 0 0.00 

25-Aug-2002 0 0 0 0 0.00 

26-Aug-2002 0 0 0 0 0.00 

27 -Aug-2002 0 0 0 0 0.00 

28-Aug-2002 0 0 0 0 0.00 

29-Aug-2002 0 0 0 0 0.00 

30-Aug-2002 0 1.7 0 3.4 0.22 

31-Aug-2002 0 0.5 0 I 0.06 

I-Aug-2003 2.8 1.4 16.6 0 6.59 

2-Aug-2003 0 0 0.9 • 0 0.26 

3-Aug-2003 0 0 0.1 0 0.03 

4-Aug-2003 0 1.35 0.3 2.7 0.26 

5-Aug-2003 13.6 6.8 35.4 0 18.99 

6-Aug-2003 8.4 5.35 25 2.3 12.78 

7-Aug-2003 40.8 21.8 0.2 2.8 26.67 

8-Aug-2003 3.7 7.1 4.5 10.5 4.37 

9-Aug-2003 0 2.35 2.1 4.7 0.91 

IO-Aug-2003 4.2 5.85 50 7.5 17.58 

II-Aug-2003 0 5.05 5 10. 1 2.09 

12-Aug-2003 0 0 0 0 0.00 

13-Aug-2003 19.4 15 15 10.6 17.57 

14-Aug-2003 24.3 12.15 0.3 0 15.83 

Add,s Ababa UlIlverslIy. Department o/Earth SCIences. GIS & RS; MSc ThesIS by Fllsllm Melaku. 20/0 



The Effect of Land use Land cover Change on Hydr%gic Response of Wukro~ Genfe! Catchment Tekczc Basin Ethiopia . 

Edaga Thiessen 
Date Senkata Hamus Wukro Hawzen PolVl!on 

15-Aug-2003 0 0 0 0 0.00 

16-Aug-2003 2.5 12 37 21.5 13.65 

17 -Aug-2003 0 0 0 0 0.00 

18-Aug-2003 0 0 0.9 
. 

0 0.26 

19-Aug-2003 0 3.65 11.5 7.3 3.78 

20-Aug-2003 10.2 5.1 3.2 0 7.53 

21-Aug-2003 0 2.85 0 5.7 0.37 

22-Aug-2003 4.2 2. 1 2.3 0 3.38 

23-Aug-2003 0 0.75 2.6 1.5 0.84 

24-Aug-2003 0 0 10.9 0 3.13 

25-Aug-2003 0 0 5.6 0 1.61 

26-Aug-2003 0 2 10.8 4 3.36 

27-Aug-2003 0 0.85 5.7 1.7 1.75 

28-Aug-2003 0 0.25 0 0.5 0.03 
29-Aug-2003 0 0 0.6 0 0.1 7 

30-Aug-2003 0 0.6 20.6 1.2 6.00 

31-Aug-2003 0 0 0 0 0.00 
I-Aug-2004 29.3 18.9 6.7 8.5 21.46 

2-Aug-2004 13.5 14.25 39 15 20.93 

3-Aug-2004 34.5 26.9 16 19.3 28.20 

4-Aug-2004 0 2.05 0 4.1 0.26 

5-Aug-2004 0 11.4 0 22.8 1.47 

6-Aug-2004 12.8 11.5 7.5 10.2 11.11 

7-Aug-2004 1.4 0.7 17.4 0 5.91 

8-Aug-2004 64.4 50.2 0 36 44.05 

9-Aug-2004 0 0 16.4 0 4.7 1 

IO-Aug-2004 2.2 2.5 6.3 2.8 3.42 

II-Aug-2004 0 0 0 0 0.00 

12-Aug-2004 0 0 0 0 0.00 

13-Aug-2004 11.6 5.8 16 0 12. 12 

14-Aug-2004 1.2 1.6 4.2 2 2.11 

15-Aug-2004 29 19 15.7 9 23 .88 

16-Aug-2004 0 2.4 0 . 4.8 0.31 

17-Aug-2004 0 0 0 0 0.00 

18-Aug-2004 0 0 0 0 0.00 

19-Aug-2004 0 0 0 0 0.00 

20-Aug-2004 0 0.5 10.7 I 3.14 

21-Aug-2004 0 5.5 0.8 II 0.94 

22-Aug-2004 0 0 1.4 0 0.40 
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Edaga Thiessen 
Date Senkata Hamus Wukro Hawzen Polv!!on 

23-Aug-2004 0 0 0 0 0.00 

24-Aug-2004 0 0 0 0 0.00 

25-Aug-2004 0 5.7 1.1 11.4 1.05 

26-Aug-2004 0 0 0 0 0.00 

27 -Aug-2004 0 0 0 0 0.00 

28-Aug-2004 1.3 0.65 0 0 0.84 

29-Aug-2004 0 0 0 0 0.00 

30-Aug-2004 0 1.65 0 3.3 0.21 

31-Aug-2004 0 0 12.3 0 3.54 

I-Aug-2005 0 0 0 · 0 0.00 

2-Aug-2005 1.7 4 6.3 6.3 3.32 

3-Aug-2005 0 1.15 I 2.3 0.44 

4-Aug-2005 0 5.9 0 11.8 0.76 

5-Aug-2005 0 0.25 0 0.5 0.03 

6-Aug-2005 0 0 0 0 0.00 

7-Aug-2005 0 0 0 0 0.00 

8-Aug-2005 4.7 4 4.5 3.3 4.55 

9-Aug-2005 3.5 2.2 2.3 0.9 2.99 

IO-Aug-2005 32.6 35.2 23.3 37.8 30.26 

II-Aug-2005 16.5 8.25 0 0 10.69 
12-Aug-2005 0 2.5 0 S 0.32 

I3-Aug-2005 0 0 0 0 0.00 

14-Aug-200S 36.7 18.35 0 0 23.78 

IS-Aug-2005 1.4 3.7 0 6 1.29 

16-Aug-200S 0 8.15 4.7 · 16.3 2.40 

17 -Aug-200S 0 0 1.9 0 0.55 

18-Aug-2005 0 0 0 0 0.00 

19-Aug-200S 2.6 12.3 17.8 22 8.22 

20-Aug-200S 12.7 12 30.2 11.3 17.64 

21-Aug-2005 0 0.4 0 0.8 0.05 

22-Aug-2005 9.2 7.6 40 6 17.85 

23-Aug-2005 0 3.15 20.8 6.3 6.39 

24-Aug-2005 0 4 10.1 8 3.42 

25-Aug-2005 0 5 0 10 0.65 

26-Aug-2005 36.2 33.7 32.8 31.2 34.90 

27-Aug-2005 0 0 0 0 0.00 

28-Aug-2005 0 0 5.7 0 1.64 

29-Aug-2005 0 0 0 0 0.00 

30-Aug-2005 0 0 0 0 0.00 
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Edaga Thiessen 
Date Senkata Hamus Wukro Hawzen Polygon 

31-Aug-2005 7 4 4.9 I 6.01 
• I-Aug-2006 14.8 8.7 0 2.6 9.76 

2-Aug-2006 12.5 12.15 15.3 11.8 13.26 

3-Aug-2006 23.5 1l.75 2.4 0 15.92 

4-Aug-2006 0 0 2.6 0 0.75 

5-Aug-2006 28.2 15.5 1.5 2.8 18.88 

6-Aug-2006 1.2 5.9 0 10.6 1.46 

7-Aug-2006 0 1.7 5.4 3.4 1.77 

8-Aug-2006 37.5 38.5 61.3 39.5 44.47 

9-Aug-2006 2.6 2.4 1.8 2.2 2.34 

10-Aug-2006 0 0 6.9 0 1.98 

II-Aug-2006 20.4 10.7 0 I 13.28 

12-Aug-2006 0 2.6 I 5.2 0.62 

13-Aug-2006 11.4 6.75 21 2.1 13.56 
14-Aug-2006 43 .5 22.75 42 2 40.39 

15-Aug-2006 3.2 22 .1 1.5 • 41 5.15 

16-Aug-2006 20.4 15.7 20 11 19.68 

17-Aug-2006 2.1 1.45 1.8 0.8 1.93 

18-Aug-2006 0 1.6 0 3.2 0.21 

19-Aug-2006 0 3.25 0 6.5 0.42 

20-Aug-2006 0 0 0 0 0.00 

21-Aug-2006 1.2 7.75 9.8 14.3 4.52 

22-Aug-2006 6.4 7.2 0 8 4.66 

23-Aug-2006 0 2.15 3.3 4.3 1.23 

24-Aug-2006 0 0 0 0 0.00 

25-Aug-2006 0 1.75 10.3 3.5 3.19 

26-Aug-2006 35.7 20.85 61.4 6 41.17 

27-Aug-2006 3.2 7.8 0 12.4 2.87 

28-Aug-2006 0 0 0 0 0.00 

29-Aug-2006 0 3 0 6 0.39 

30-Aug-2006 1.6 8.9 10 " 16.2 4.96 

31-Aug-2006 14.4 22.2 20.3 30 17.10 

I-Aug-2007 33.5 24.75 15 16 27.05 

2-Aug-2007 21.4 13.1 27 4.8 21.94 

3-Aug-2007 5.3 3.25 10.7 1.2 6.59 

4-Aug-2007 2 8.5 0 IS 2.27 

5-Aug-2007 12.5 15.9 9.5 19.3 12.08 

6-Aug-2007 27.2 18.25 5.5 9.3 19.80 

7-Aug-2007 0 2.75 5.3 5.5 1.88 
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Edaga Thiessen 
Date Senkata Hamus Wukro Hawzen Polygon 

8-Aug-2007 0 0.15 0 0.3 0.02 

9-Aug-2007 4.4 5.55 12 6.7 6.73 

IO-Aug-2007 0 5.1 3 10.2 1.52 

II-Aug-2007 3.7 1.95 0 0.2 2.41 

12-Aug-2007 0 0.6 15.4 1.2 4.50 

13-Aug-2007 2.8 5.15 40.4 7.5 13 .91 

14-Aug-2007 0 0 0 0 0.00 

15-Aug-2007 5.5 6.9 24.2 • 8.3 11.06 

16-Aug-2007 1.7 0.85 0 0 1.10 

17 -Aug-2007 0 0 0 0 0.00 

18-Aug-2007 0 0 0 0 0.00 

19-Aug-2007 2.2 6.9 38.6 11.6 13.27 

20-Aug-2007 9.3 13.75 22.2 18.2 13.58 

21 -Aug-2007 1.4 3.3 10.6 5.2 4.29 

22-Aug-2007 0 0.25 0 0.5 0.03 

23-Aug-2007 0 0.6 0 1.2 0.08 

24-Aug-2007 0 0.1 0 0.2 0.01 

25-Aug-2007 0 0 0 0 0.00 

26-Aug-2007 0 0 0 0 0.00 

27 -Aug-2007 2.2 2.7 1.3 3.2 2.01 

28-Aug-2007 0 0 0 0 0.00 

29-Aug-2007 0 0 0 0 0.00 · 30-Aug-2007 0 1.5 0 3 0.19 

31-Aug-2007 0 0.2 27.2 0.4 7.85 

I-Aug-2008 0 2.35 8.2 4.7 2.66 

2-Aug-2008 0 0 4.5 0 1.29 

3-Aug-200B 3.5 2.7 I 1.9 2.6B 

4-Aug-200B 0 1.2 0 2.4 0.16 

5-Aug-200B 1.5 6.45 10 11.4 4.5B 

6-Aug-200B 36.1 21.95 3B.5 7.B 34.96 

7-Aug-200B 5.4 13 9 20.6 7.42 

8-Aug-200B 0 2.25 10 4.5 3.17 

9-Aug-200B 6.B 4.55 31.5 2.3 13.61 

10-Aug-200B B.7 4.B5 0 I 5.70 

II -Aug-200B 0 0 2.B 0 O. BO 
12-Aug-200B 0 1.35 0 2.7 0.17 

13-Aug~200B 4.4 4.B 13 .7 - 5.2 7.13 

14-Aug-200B 3.4 6.25 11.6 9.1 6.13 

15-Aug-200B 7.2 15.45 0 23.7 6.20 
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Edaga Thiessen 
Date Senkata Hamus Wukro iIawzen PolYl!on 
16-Aug-200B 2.5 1.25 0 0 1.62 

17 -Aug-200B 0 1.4 5.3 2.B 1.70 

IB-Aul!-200B 7.9 6.6 B.9 5.3 B.02 

19-Aug-200B 0 0 0 0 0.00 

20-Aug-200B 0 0 0 0 0.00 

21-Aul!-200B 0 0 0 0 0.00 

22-Aug-200B 0 0.5 5.9 1 1.76 

23-Aug-200B 0 0 0 0 0.00 

24-Aul!-200B 0 0 0 0 0.00 

25-Aug-200B 0 0 0 0 0.00 

26-Aug-200B 0 0 0 0 0.00 

27 -Aug-200B 0 0 0 0 0.00 

2B-Aug-200B 0 0. 15 0 0.3 0.02 

29-Aug-200B 2.4 1.2 2.1 . 0 2.16 

30-Aull-200B 0 0 0 0 0.00 

31 -Aug-200B 0.9 1.05 0 1.2 0.66 

(Source: National Metrological Agency, Ethiopia) 
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