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4. Conclusions 

The objectives of this article were to: 1) develop an evaluation method specifically applicable for drought and food 

security models using crop yield and climate data, and 2) evaluate the ETa anomaly products using zonal (district 

level) crop yield data and clamatological rainfall data. 

For the first objective, a simplified model evaluation method was developed. This method started by exploring the 

two attributes separately using statistical data exploratory techniques. It was found that crop yield data have trend 

through studied years from 2000 to 2010. Therefore, the trend had to be removed before the statistical relationships 

analysis. After removing the trend, both OLS and GWR regression analysis were conducted. The ETa percentage 

data was also evaluated using meteorological rainfall SPI data. The Correlation of ETa with SPI showed that there 

were differences between the different years analyzed from 2000 to 2009. If ETa data is further refined to fit the SPI 

data, it is possible to calibrate ETa for standard drought monitoring and food security assessment. 

Concerning the second objective, it was found that there are positive relationships between ETa and crop yield data. 

In the ETa percent anomaly data the year 2002, 2003 and 2009 were reported to be drought years. Unfortunately, the 

year 2002 and 2009 were missing in the crop yield data. For the year 2003, the average cereal, Teff, maize and 

barley were found to be below average. This confirms that ETa can be used for drought and food security early 

assessment for Meher growing season. 

Overall, there were weak correlations between ETa anomaly and cereal yield anomaly. The maximum coefficient of 

determination (R2) was observed for the year 2004 and the minimum for the year 2005 (Table 5). The weak 

correlation between the two datasets can be attributed due to two major reasons: 1) the first reason is aggregation of 

both the yield and ETa data at Zonal administrative levels, and 2) the second reason is that inherently the two dataset 

are different. 

The yield data was aggregated at Zonal district level, which is next to regional administrative levels in Ethiopia. 

This administrative level is very coarse resolution for yield data in that the report is not homogenous from an 

agricultural and agro-ecological point of view. Therefore, these coarse administrative level averages cancel local 

variability of yield and ETa data. One future research on evaluating the ETa model for food security and drought 

monitoring is to use high resolution administrative level crop yield data, such as Woreda administrative level (next 

high administrative resolution to Zone administrative level in Ethiopia). 

It should be noted that even though we used yield data for evaluating ETa anomaly for showing the drought 

situation, inherently the two datasets are different and they may not be expected to show strong correlation. 

Interestingly, even though the two datasets were from different sources and were produced for different purposes, 

there were positive relationships. It was observed that the increase or decrease of ETa percentage value can indicate 

the yield increase and deficit in the studied districts for Meher growing season. This is also in agreement with 

Bastiaanssen et al.(2005) and Senay et al. (2011) recommendation that ETa’s dependence on land cover and soil 
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moisture, and its direct relationship with carbon dioxide assimilation in plants, makes it an important variable to 

monitor and estimate crop yield and biomass for decision makers interested in food security. The correlation 

analysis of ETa data with standard climatic drought monitoring index SPI showed that there is a relationship 

between the two datasets. This further confirms that ETa can be used for drought monitoring with future calibrations 

to match with standard drought monitoring index SPI. 
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Appendix 1: List of Zones selected for ETa evaluation 
 
No ZONENAME Region 

1 Western Tigray 
2 Central Tigray 
3 Eastern Tigray 
4 Southern Tigray 
5 North Gonder Amhara 
6 South Gonder Amhara 
7 North Wollo Amhara 
8 South Wollo Amhara 
9 North Shewa(R3) Amhara 

10 East Gojam Amhara 
11 West Gojam Amhara 
12 Wag Himra Amhara 
13 Awi/Agew Amhara 
14 Oromia Zone Amhara 
15 East Wellega Oromia 
16 West Wellega Oromia 
17 Ilubabor Oromia 
18 Jimma Oromia 
19 West Shewa Oromia 
20 East Shewa Oromia 
21 North Shewa(R4) Oromia 
22 Arsi Oromia 
23 West Harerge Oromia 
24 East Harerge Oromia 
25 Bale Oromia 
26 Metekel Benshangul-Gumz 
27 Asosa Benshangul-Gumz 
28 Gurage SNNPR 
29 Hadiya SNNPR 
30 KAT SNNPR 
31 Sidama SNNPR 
32 Gedio SNNPR 
33 South Omo SNNPR 
34 Bench Maji SNNPR 
35 Yem SNNPR 
36 Amaro SNNPR 
37 Burji SNNPR 
38 Konso SNNPR 
39 Derashe SNNPR 
40 Hareri Hareri 
41 Dire Dawa Dire Dawa 
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Appendix 2: Average ETa zonal statistical analysis output for the year 2000 to 2010. 

No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 110.535 98.8069 91.6697 102.51 90.1287 102.696 111.537 103.876 103.327 79.1761 101.854 

2 Central 101.694 96.9732 67.2815 101.352 83.8621 104.037 109.495 110.437 104.469 75.672 110.677 

3 Eastern 101.72 104.47 67.95 102.53 78.50 102.75 109.64 113.99 99.90 77.25 109.34 

4 Southern 115.768 109.143 72.4065 104.413 73.7766 110.541 110.252 120.576 93.9771 67.5013 122.459 

5 North Gonder 110.023 108.154 79.5846 98.8038 89.1161 99.8818 116.248 110.654 108.519 77.3559 99.3007 

6 South Gonder 113.678 105.4 62.8685 101.648 81.1821 102.535 117.83 108.944 130.089 76.5527 102.649 

7 North Wollo 113.459 101.173 72.8742 107.918 74.4912 116.694 106.882 116.426 104.044 72.7514 112.951 

8 South Wollo 115.729 102.095 61.0657 110.631 76.0593 118.183 109.185 109.379 99.0777 87.625 112.768 

9 North Shewa(R3) 115.293 93.8335 57.7325 105.893 90.6075 114.64 107.426 111.323 104.325 84.5526 105.556 

10 East Gojam 122.042 104.363 57.4578 91.5812 88.6767 105.591 112.622 110.269 123.223 80.167 111.416 

11 West Gojam 113.845 113.502 71.8733 90.1165 93.2588 102.648 127.002 103.034 127.388 77.1396 103.114 

12 Wag Himra 95.9654 100.368 55.3308 102.898 64.9995 113.424 106.855 130.216 108.389 75.542 132.291 

13 Awi/Agew 119.998 116.204 85.4623 88.8893 93.7064 98.5462 124.544 106.615 116.122 80.91 98.4289 

14 East Wellega 111.716 108.016 84.8522 87.0639 96.7494 102.992 117.584 98.8489 116.458 84.9619 102.616 

15 Oromia 124.09 102.063 73.6162 102.972 92.2624 113.878 108.288 101.207 96.5065 91.0062 112.736 

16 West Wellega 99.3166 100.406 94.0571 93.1265 95.5106 101.678 110.454 102.546 112.465 86.2761 106.028 

17 Ilubabor 102.461 104.065 95.7604 88.8599 98.1968 98.9073 110.156 98.4706 108.678 91.2204 101.602 

18 Jimma 110.383 107.719 91.5379 88.1405 97.1077 102.543 114.114 94.613 112.505 92.7667 108.261 

19 West Shewa 123.07 108.812 63.9815 84.3073 92.0638 110.546 115.592 108.195 123.737 80.338 112.1 

20 East Shewa 109.258 98.953 51.3607 101.745 79.7576 110.645 106.577 108.462 119.679 70.9515 117.79 

21 North Shewa(R4) 125.149 107.45 62.0348 96.1429 90.0121 119.34 104.938 117.35 111.709 73.9851 104.714 

22 Arsi 113.723 104.932 59.5888 98.5906 82.3244 111.918 128.304 109.973 111.141 70.4141 119.793 

23 West Harerge 104.385 94.7369 65.2637 95.3246 89.7422 116.484 127.582 116.719 110.353 82.0576 117.452 

24 East Harerge 105.287 93.7796 82.0706 97.4606 85.6401 110.051 122.378 110.842 107.806 84.8108 110.49 

25 Bale 99.9417 92.7994 89.7566 99.6333 83.0967 109.469 129.903 104.865 105.032 88.0455 110.979 

26 Metekel 101.178 105.297 89.6612 93.7265 95.6016 97.6935 115.993 106.147 109.484 84.3338 95.635 

27 Asosa 99.8048 105.563 93.7033 92.8393 93.8746 96.5434 111.86 105.331 111.347 87.4407 103.105 

28 Gurage 110.82 108.919 72.4612 89.3189 90.9173 108.798 120.054 99.9542 118.197 76.2297 124.465 

29 Hadiya 117.947 110.442 84.2983 84.4413 94.2231 103.592 125.313 98.336 127.389 84.128 117.11 

30 KAT 108.35 107.315 87.897 91.2463 95.4404 99.4333 120.475 98.0438 118.709 90.7191 101.924 

31 Sidama 100.023 102.086 84.8448 95.5659 89.6421 101.475 129.183 103.399 114.005 76.5097 110.608 

32 Gedio 97.4049 99.4234 98.2576 96.3812 98.4315 94.3449 112.799 101.977 103.61 90.2221 95.5655 

33 South Omo 60.6977 89.6257 107.628 103.262 77.9464 98.2367 125.971 130.794 91.8145 72.8017 99.8487 

34 Bench Maji 83.8378 105.627 91.7039 96.4502 92.6049 96.1979 119.45 111.814 99.9995 88.0341 97.1106 

35 Yem 115.131 109.989 82.1389 87.0066 96.6825 109.317 120.857 93.4206 121.754 77.8704 113.241 

36 Amaro 99.0891 104.001 91.1571 98.1908 88.4421 101.418 114.637 123.933 99.4682 71.8372 98.6425 

37 Burji 84.2806 97.2202 94.1841 96.1215 87.9337 105.738 126.037 125.861 102.236 71.8814 100.675 

38 Konso 59.9911 93.1674 103.668 96.19 71.6544 106.531 133.495 142.154 95.5062 60.4325 99.5143 

39 Derashe 82.0599 104.546 100.53 94.4795 74.8182 95.7863 127.866 129.792 102.115 68.6906 100.818 

40 Hareri 104.45 81.91 94.0053 92.8307 84.5608 109.495 123.96 108.886 120.696 96.7037 116.992 

41 Dire Dawa 104.031 90.2842 77.9437 98.6839 85.9972 113.418 121.886 114.288 109.735 82.3724 129.153 

42 Region 14 118.535 107.861 68.9872 93.8993 99.6209 116.077 109.925 104.134 99.1777 84.2784 121.581 
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Appendix 3: Average Zonal Cereal Yield for the year 2000 to 2010. 

Table 3-1: Original Zonal Cereal Yield for the year 2000 to 2010 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 13.05 13.94  13.10 10.53 13.32 14.14 14.01 16.86  18.49 

2 Central 11.29 9.77  9.12 8.22 11.89 10.93 11.99 13.50  18.62 

3 Eastern 9.98 12.12  12.22 8.54 11.93 13.38 17.06 13.37  18.21 

4 Southern 11.03 13.93  11.38 9.00 13.18 14.92 14.36 13.94  16.16 

5 North Gonder 7.84 11.21  9.85 13.53 13.47 15.01 13.46 16.49  19.87 

6 South Gonder 7.33 10.07  8.42 7.48 10.46 10.71 12.04 12.86  16.38 

7 North Wollo 10.88 11.80  12.95 10.85 12.21 12.46 17.21 15.35  15.99 

8 South Wollo 10.95 11.74  12.94 13.83 13.11 13.13 13.46 13.30  16.18 

9 North Shewa(R3) 8.88 10.96  12.97 13.18 17.21 19.51 13.56 14.11  17.29 

10 East Gojam 11.96 13.52  11.45 13.40 12.26 13.59 15.87 16.40  16.31 

11 West Gojam 11.90 15.76  13.13 13.38 15.33 16.82 19.75 18.96  19.38 

12 Wag Himra 7.30 7.23  7.01 5.35 11.92 12.32 10.36 12.08  14.78 

13 Awi/Agew 9.89 14.00  11.93 12.32 12.79 14.06 16.24 14.86  16.41 

14 East Wellega 14.37 17.48  13.95 14.59 17.49 16.95 17.91 17.98  21.68 

15 Oromia 12.68 11.52  11.92 11.32 14.58 14.49 15.37 14.34  17.61 

16 West Wellega 14.69 15.90  14.64 18.09 18.22 16.36 16.66 16.57  19.47 

17 Ilubabor 13.75 14.52  13.20 13.66 14.80 16.61 16.52 17.88  20.41 

18 Jimma 11.79 16.17  12.57 15.36 13.61 14.38 15.42 16.40  18.04 

19 West Shewa 11.27 15.43  14.67 15.47 18.03 18.22 14.54 16.48  19.99 

20 East Shewa 13.43 15.85  15.99 13.58 19.96 19.93 17.67 17.88  17.39 

21 North Shewa(R4) 9.40 9.75  10.09 10.68 11.53 11.23 11.86 13.77  14.81 

22 Arsi 12.15 16.98  17.98 18.03 15.92 15.37 15.42 18.93  21.53 

23 West Harerge 17.47 14.79  14.76 12.35 13.75 15.01 21.12 15.72  18.32 

24 East Harerge 13.14 14.40  15.74 12.37 12.06 16.29 25.82 15.78  20.05 

25 Bale 13.58 14.21  15.75 15.38 15.13 16.95 18.79 20.40  18.98 

26 Metekel 11.85 13.49  13.64 12.58 14.48 17.29 15.30 18.77  16.95 

27 Asosa 11.67 11.05  9.17 10.70 11.77 12.36 14.62 15.12  16.75 

28 Gurage 12.42 13.34  14.63 16.33 14.27 15.64 16.94 17.48  20.07 

29 Hadiya 11.88 13.85  13.42 13.88 14.58 15.14 13.64 17.09  15.03 

30 KAT 11.61 13.81  14.75 12.78 13.33 12.53 19.92 16.17  14.08 

31 Sidama 13.38 15.52  16.70 16.25 16.81 16.70 19.92 19.85  20.22 

32 Gedio 13.66 15.32  15.08 16.66 15.80 18.94 13.24 13.88  17.81 

33 South Omo 8.27 10.95  8.04 11.18 8.60 9.72 11.02 15.26  19.93 

34 Bench Maji 13.49 14.25  10.02 8.53 14.18 15.60 17.48 15.75  19.48 

35 Yem 8.25 9.66  9.56 10.03 11.19 11.51 10.83 12.05  12.91 

36 Amaro 4.85 9.86  5.75 10.76 6.11 6.10 10.18 12.22  12.05 

37 Burji 6.18 8.01  5.47 14.11 4.77 4.75 9.43 12.78  10.32 

38 Konso 4.90 4.73  2.11 7.55 4.64 4.85 11.53 15.00  13.54 

39 Derashe 7.72 8.37  4.35 10.21 9.22 8.54 12.40 15.70  11.74 

40 Hareri 8.96 12.68  8.75 6.26 9.58 12.56 12.84 16.33  15.41 

41 Dire Dawa 10.12 13.87  11.02 6.62 10.14 12.32 13.44 13.60  17.18 
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Table 3-2: Detrended Zonal Cereal Yield for the year 2000 to 2010 
 
 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 1.209 0.529  -0.149 -1.665 -1.798 -1.611 -1.850 1.341  -0.313 

2 Central -0.507 -3.613  -4.044 -3.965 -3.125 -4.718 -3.823 -2.026  -0.098 

3 Eastern -1.772 -1.221  -0.877 -3.645 -2.974 -2.182 1.283 -2.163  -0.427 

4 Southern -0.678 0.618  -1.635 -3.175 -1.617 -0.540 -1.383 -1.600  -2.405 

5 North Gonder -3.824 -2.064  -3.084 1.360 -1.228 -0.356 -2.249 0.945  1.384 

6 South Gonder -4.290 -3.175  -4.441 -4.683 -4.129 -4.556 -3.625 -2.684  -2.023 

7 North Wollo -0.695 -1.408  0.164 -1.311 -2.276 -2.711 1.583 -0.203  -2.330 

8 South Wollo -0.581 -1.433  0.228 1.683 -1.272 -1.954 -2.133 -2.262  -2.064 

9 North Shewa(R3) -2.607 -2.176  0.335 1.038 2.936 4.525 -1.995 -1.454  -0.874 

10 East Gojam 0.517 0.418  -1.103 1.266 -1.913 -1.303 0.350 0.828  -1.780 

11 West Gojam 0.501 2.685  0.650 1.250 1.267 2.029 4.276 3.376  1.372 

12 Wag Himra -4.054 -5.804  -5.388 -6.774 -2.042 -2.379 -5.078 -3.507  -3.151 

13 Awi/Agew -1.420 1.003  -0.398 0.196 -1.065 -0.537 0.833 -0.735  -1.442 

14 East Wellega 3.104 4.511  1.705 2.478 3.738 2.445 2.544 2.378  3.911 

15 Oromia 1.458 -1.412  -0.251 -0.788 0.935 0.075 0.039 -1.259  -0.079 

16 West Wellega 3.513 2.998  2.543 5.989 4.679 2.045 1.368 0.964  1.856 

17 Ilubabor 2.617 1.651  1.182 1.566 1.366 2.393 1.271 2.264  2.882 

18 Jimma 0.701 3.345  0.625 3.271 0.280 0.259 0.205 0.774  0.584 

19 West Shewa 0.225 2.632  2.799 3.388 4.805 4.189 -0.638 0.850  2.618 

20 East Shewa 2.429 3.088  4.197 1.505 6.837 5.994 2.531 2.245  0.099 

21 North Shewa(R4) -1.556 -2.979  -1.621 -1.396 -1.482 -2.610 -3.246 -1.870  -2.406 

22 Arsi 1.238 4.291  6.347 5.961 3.010 1.629 0.356 3.280  4.394 

23 West Harerge 6.602 2.133  3.203 0.291 0.942 1.360 6.094 0.069  1.261 

24 East Harerge 2.316 1.771  4.257 0.317 -0.637 2.737 10.835 0.122  3.073 

25 Bale 2.801 1.617  4.343 3.336 2.531 3.498 3.836 4.737  2.077 

26 Metekel 1.115 0.937  2.310 0.537 1.994 3.929 0.381 3.096  0.133 

27 Asosa 0.979 -1.468  -2.078 -1.337 -0.620 -0.905 -0.258 -0.554  0.010 

28 Gurage 1.773 0.848  3.453 4.299 1.989 2.474 2.104 1.797  3.413 

29 Hadiya 1.277 1.402  2.324 1.860 2.402 2.072 -1.157 1.402  -1.551 

30 KAT 1.052 1.393  3.725 0.765 1.262 -0.445 5.155 0.478  -2.423 

31 Sidama 2.866 3.140  5.756 4.239 4.846 3.816 5.192 4.146  3.793 

32 Gedio 3.190 2.968  4.215 4.653 3.944 6.150 -1.447 -1.829  1.467 

33 South Omo -2.156 -1.365  -2.747 -0.817 -3.155 -2.965 -3.630 -0.451  3.667 

34 Bench Maji 3.109 1.974  -0.698 -3.457 2.527 3.006 2.869 0.029  3.296 

35 Yem -2.087 -2.585  -1.077 -1.959 -0.352 -0.990 -3.747 -3.675  -3.193 

36 Amaro -5.443 -2.352  -4.815 -1.218 -5.326 -6.304 -4.359 -3.515  -3.975 

37 Burji -4.069 -4.170  -5.012 2.137 -6.569 -7.556 -5.070 -2.958  -5.631 

38 Konso -5.305 -7.414  -8.295 -4.416 -6.592 -7.359 -2.933 -0.745  -2.327 

39 Derashe -2.440 -3.738  -5.981 -1.755 -1.904 -3.577 -2.024 -0.045  -4.050 

40 Hareri -1.156 0.604  -1.505 -5.695 -1.441 0.539 -1.550 0.574  -0.296 

41 Dire Dawa 0.048 1.824  0.839 -5.330 -0.774 0.397 -0.909 -2.161  1.548 
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Appendix 4: Average Zonal Teff Yield for the year 2000 to 2010. 

Table 4-1: Original Teff Yield for the year 2000 to 2010 
 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 10.4 8.08  7.33 7.34 9.21 9.07 12.78 16.72  10.46 

2 Central 8.07 7.01  7.13 6.78 8.7 8.74 10.03 11.67  13.72 

3 Southern 9.71 9.88  8.25 4.73 9.04 11.53 11.26 10.89  12.5 

4 North Gonder 6.17 8  7.1 9.96 8.57 8.72 10.85 12.22  13.41 

5 South Gonder 6.77 7.98  7.33 6.81 8.8 8.12 9.21 10.54  12.58 

6 North Wollo 8.7 8.54  10.26 9.23 8.51 9.78 13.1 13.91  11.78 

7 South Wollo 10.16 8.88  9.84 11.59 10.18 11.17 11.19 11.4  12.51 

8 North Shewa(R3) 7.08 8.01  9.84 10.46 13.96 15.98 12.11 12.27  10.98 

9 East Gojam 10.48 11.6  10.78 11.66 10.01 10.9 13.61 12.5  14 

10 West Gojam 6.96 8.7  8.11 8.22 8.44 8.34 15.31 14.66  12.42 

11 Wag Himra 6.64 5.72  5.38 3.79 9.75 10.25 9.34 11.23  10.87 

12 Awi/Agew 6.9 7.96  7.1 8.68 7.34 7.82 9.93 11.14  11.67 

13 East Wellega 8.01 9.47  7.4 10.62 9.62 8 12.17 13.09  11.8 

14 Oromia 7.46 8.79  8.62 9.61 11.96 13.14 11.46 10.03  13.25 

15 West Wellega 4.69 6.86  7.67 8.31 8.92 5.07 9.99 10.26  9.67 

16 Ilubabor 7.38 8.84  8.63 11.18 9.44 9.55 14.67 12.06  10.84 

17 Jimma 6.35 9.36  8.33 9.47 7.83 7.99 10.51 10.53  12.24 

18 West Shewa 9.91 11.21  10.13 12.35 13.44 13.5 11.28 11.95  13.74 

19 East Shewa 8.62 8.68  7.99 10.89 13.72 14.82 12.81 11.6  13.95 

20 North Shewa(R4) 8.63 8.15  8.57 10.11 9.35 9.43 9.74 11.56  13.88 

21 Arsi 7.74 9.25  8.74 8.96 7.83 7.47 10.45 10.33  12.71 

22 West Harerge 8.46 11.58  14.65 9.04 9.8 9.21 12.58 9.62  9.3 

23 Bale 10.62 6.7  5.24 6.33 6.41 9.32 9.73 10.87  11.49 

24 Metekel 7.84 8.89  9.24 11.66 9.49 10.86 11.87 10.32  10.95 

25 Asosa 3.58 3.65  2.51 2.86 3.22 3.9 7.07 9.76  4.53 

26 Gurage 6.26 7  7.57 9.76 7.74 9.07 10.67 9.78  11.46 

27 Hadiya 7.33 9.33  7.49 9.7 8.27 7.94 9.68 10.66  11.28 

28 South Omo 8.24 8.2  5.41 5.08 7.61 7.35 13.61 10.86  6.24 

29 Bench Maji 3.7 6.19  6.4 6.66 8.08 7.9 12.07 9.59  14.7 

30 Yem 7.26 8.42  7.4 7.04 8.34 8.91 8.03 10.66  9.91 

31 Amaro 4.12 9.29  2.83 12.33 5.88 5.91 10.1 12.1  10.51 

32 Burji 4.8 6  3.88 14.64 5.16 4.02 6.1 10.77  7.65 

33 Derashe 5.41 7.91  3.91 8.14 8.51 7.84 10.28 10.89  12.3 
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Table 4-2: Detrended Teff Yield for the year 2000 to 2010 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 1.521 -0.685  -1.871 -1.043 -1.070 -1.767 0.636 3.971  -2.401 

2 Central -0.717 -1.726  -1.971 -1.635 -1.492 -1.991 -2.044 -0.995  0.944 

3 Southern 1.015 1.173  -0.752 -3.718 -1.065 0.905 -0.743 -1.691  -0.190 

4 North Gonder -2.433 -0.679  -1.802 1.479 -1.448 -1.799 -1.083 -0.277  0.805 

5 South Gonder -1.741 -0.670  -1.473 -1.704 -1.131 -2.293 -2.652 -1.873  0.061 

6 North Wollo 0.281 -0.082  1.557 0.683 -1.333 -0.527 1.308 1.581  -0.654 

7 South Wollo 1.833 0.287  1.237 3.010 0.424 0.969 -0.532 -0.846  0.162 

8 North Shewa(R3) -1.155 -0.554  1.336 1.847 4.291 5.885 0.459 0.108  -1.283 

9 East Gojam 2.337 3.064  2.376 3.014 0.429 0.911 2.029 0.422  1.823 

10 West Gojam -1.091 0.193  -0.195 -0.459 -1.054 -1.542 3.799 2.666  0.328 

11 Wag Himra -1.319 -2.759  -2.825 -4.921 0.343 0.474 -2.100 -0.680  -1.137 

12 Awi/Agew -0.967 -0.490  -1.006 -0.064 -1.979 -1.850 -1.440 -0.686  -0.251 

13 East Wellega 0.235 1.049  -0.606 1.843 0.388 -1.564 0.871 1.347  -0.036 

14 Oromia -0.223 0.397  0.713 0.800 2.815 3.682 0.231 -1.629  1.500 

15 West Wellega -2.901 -1.504  -0.137 -0.533 -0.137 -4.282 -1.169 -1.315  -1.995 

16 Ilubabor -0.120 0.504  0.923 2.304 0.470 0.304 3.582 0.569  -0.739 

17 Jimma -1.058 1.053  0.722 0.561 -1.053 -1.150 -0.508 -0.877  0.746 

18 West Shewa 2.594 2.932  2.622 3.408 4.645 4.466 0.333 0.627  2.332 

19 East Shewa 1.396 0.430  0.581 1.915 5.012 5.892 1.933 0.360  2.627 

20 North Shewa(R4) 1.498 -0.071  1.261 1.103 0.729 0.608 -1.067 0.404  2.642 

21 Arsi 0.700 1.057  1.530 -0.080 -0.703 -1.246 -0.286 -0.742  1.558 

22 West Harerge 1.512 3.416  7.540 -0.033 1.354 0.600 1.914 -1.368  -1.767 

23 Bale 3.764 -1.435  -1.771 -2.776 -1.949 0.816 -0.866 -0.034  0.509 

24 Metekel 1.076 0.783  2.329 2.521 1.218 2.462 1.345 -0.500  0.054 

25 Asosa -3.092 -4.428  -4.301 -6.312 -4.964 -4.391 -3.385 -0.977  -6.280 

26 Gurage -0.320 -1.050  0.858 0.555 -0.357 0.885 0.286 -0.873  0.735 

27 Hadiya 0.842 1.309  0.878 0.462 0.260 -0.139 -0.634 0.091  0.640 

28 South Omo 1.844 0.208  -1.103 -4.191 -0.312 -0.623 3.366 0.375  -4.314 

29 Bench Maji -2.604 -1.774  -0.013 -2.643 0.245 0.033 1.897 -0.811  4.231 

30 Yem 1.048 0.485  1.086 -2.296 0.592 1.149 -2.073 0.343  -0.473 

31 Amaro -2.000 1.383  -3.384 2.961 -1.780 -1.745 0.067 1.866  0.212 

32 Burji -1.228 -1.878  -2.234 5.238 -2.413 -3.529 -3.862 0.620  -2.562 

33 Derashe -0.526 0.061  -2.105 -1.295 1.024 0.397 0.388 0.824  2.173 
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Appendix 5: Average Zonal Barley Yield for the year 2000 to 2010. 

Table 5-1: Original Barley Yield for the year 2000 to 2010 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008  2010 

1 Central 10.32 8.79  9.27 9.93 10.14 9.43 11.37 13.52  17.25 

2 Eastern 10.8 12.41  12.7 8.68 12.06 13.63 12.67 14.58  18.39 

3 Southern 10.23 11.27  10.4 7.08 10.93 11.84 15.4 16.23  18.14 

4 North Gonder 5.46 10.67  10.36 10.56 12.54 13.73 12.54 14.47  17.33 

5 South Gonder 6.45 9.55  8.61 6.84 9.82 10.11 8.95 11.43  13.23 

6 South Wollo 8.95 13.36  13.53 15.34 12.55 12 12.44 12.46  13.07 

7 North Shewa(R3) 7.74 10.72  11.8 12.69 17.22 17.54 14.08 17.05  14.42 

8 East Gojam 8.57 11.54  9.53 11.78 10.18 12.38 11.83 13.69  11.66 

9 West Gojam 5.81 11.44  7.51 9.7 12.67 14.7 10.13 11.33  11.25 

10 Wag Himra 6.92 7.51  9.06 8.21 11.45 12.51 8.98 9.73  13.7 

11 Awi/Agew 7.75 11.32  11.04 10.53 7.95 10.43 11.71 13  7.69 

12 East Wellega 11.11 11.38  11.06 8.57 11.27 8.34 10.65 12.69  14.01 

13 Oromia 8.87 10.88  9.95 7.12 11.28 11.05 11.12 15.02  10.43 

14 West Wellega 6.82 8.01  8.16 10.86 9.02 12.1 10.76 9.45  8.09 

15 Ilubabor 7.43 7.33  6.77 7.07 8 9.27 10.86 12.62  11.06 

16 Jimma 8.69 11.77  9.1 8.94 7.77 9.15 13.15 11.06  12.74 

17 West Shewa 8.66 12.89  12.74 11.97 16.02 16.05 12.85 16.84  15.79 

18 East Shewa 9.71 14.57  14.85 12.69 16.32 17.48 15.19 12.78  12.47 

19 North Shewa(R4) 8.81 9.3  9.56 8.21 10.91 10.28 13.38 14.1  12.48 

20 Arsi 10.62 15.91  16.41 18.81 14.54 14.68 16.45 17.93  23.75 

21 Bale 12.66 13.92  16.91 16.44 15.17 18.13 18 18.83  16.66 

22 Gurage 14.63 13  17.36 19.58 16.72 17.55 15.57 17.98  26.32 

23 Hadiya 9.97 10.12  10.29 8.2 11.55 11.71 13.4 15.63  14.45 

24 KAT 9.37 9.67  10.71 13.29 12.16 12.64 11.49 12  14.44 

25 Bench Maji 7.41 8.85  6.56 7.19 9.15 8.76 14.26 11.2  15.42 

26 Yem 6.62 8.58  8.22 9.62 8 8.25 9.54 9.1  9.5 

27 Amaro 7.68 9.46  9.28 8.06 5.54 6.33 9.99 10.45  13.62 

28 Burji 3.52 5.34  4.18 15.31 3.32 3.76 4.38 8.19  7.7 

29 Derashe 7.93 6.41  6.55 9.98 8.62 9.2 11.13 9.07  9.8 
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Table 5-2: Detrended Barley Yield for the year 2000 to 2010 
 
No ZONENAME 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Central 1.639 -2.716  -1.738 0.482 -2.329 -3.853 -1.005 -0.810  2.366 

2 Eastern 2.124 0.972  1.733 -0.864 -0.314 0.451 0.311 0.332  3.572 

3 Southern 1.560 -0.100  -0.526 -2.561 -1.348 -1.235 3.057 2.064  3.388 

4 North Gonder -3.205 -0.632  -0.524 0.822 0.357 0.759 0.214 0.385  2.644 

5 South Gonder -2.209 -1.683  -2.233 -2.995 -2.267 -2.757 -3.360 -2.573  -1.390 

6 South Wollo 0.297 2.195  2.728 5.409 0.558 -0.763 0.146 -1.462  -1.484 

7 North Shewa(R3) -0.908 -0.377  1.040 2.662 5.323 4.881 1.803 3.210  -0.068 

8 East Gojam -0.072 0.511  -1.189 1.655 -1.621 -0.176 -0.431 -0.068  -2.763 

9 West Gojam -2.827 0.480  -3.168 -0.521 0.964 2.248 -2.115 -2.347  -3.107 

10 Wag Himra -1.711 -3.382  -1.577 -2.108 -0.160 0.162 -3.249 -3.865  -0.591 

11 Awi/Agew -0.876 0.496  0.445 0.115 -3.565 -1.814 -0.502 -0.514  -6.535 

12 East Wellega 2.490 0.625  0.506 -1.942 -0.150 -3.800 -1.546 -0.742  -0.149 

13 Oromia 0.255 0.193  -0.563 -3.488 -0.044 -0.986 -1.060 1.670  -3.663 

14 West Wellega -1.789 -2.609  -2.311 0.155 -2.209 0.168 -1.404 -3.819  -5.937 

15 Ilubabor -1.174 -3.221  -3.660 -3.732 -3.133 -2.559 -1.287 -0.567  -2.901 

16 Jimma 0.092 1.288  -1.289 -1.958 -3.268 -2.575 1.019 -2.046  -1.155 

17 West Shewa 0.067 2.476  2.393 0.975 5.077 4.429 0.735 3.816  1.961 

18 East Shewa 1.123 4.224  4.544 1.598 5.473 5.963 3.092 -0.162  -1.293 

19 North Shewa(R4) 0.228 -0.978  -0.705 -2.979 0.158 -1.133 1.298 1.239  -1.217 

20 Arsi 2.044 5.701  6.187 7.525 3.883 3.371 4.384 5.151  10.119 

21 Bale 4.089 3.779  6.728 5.058 4.609 6.924 5.950 6.132  3.095 

22 Gurage 6.065 2.927  7.219 8.101 6.254 6.448 3.537 5.364  12.821 

23 Hadiya 1.410 0.115  0.190 -3.375 1.180 0.712 1.383 3.096  1.017 

24 KAT 0.816 -0.266  0.652 1.618 1.885 1.746 -0.511 -0.453  1.073 

25 Bench Maji -1.139 -1.018  -3.457 -4.579 -1.030 -2.030 2.276 -1.171  2.119 

26 Yem -1.923 -1.220  -1.756 -2.246 -2.084 -2.436 -2.428 -3.190  -3.735 

27 Amaro -0.858 -0.271  -0.654 -3.902 -4.449 -4.252 -1.962 -1.758  0.451 

28 Burji -5.012 -4.323  -5.713 3.251 -6.573 -6.719 -7.556 -3.936  -5.403 

29 Derashe -0.596 -3.185  -3.302 -2.176 -1.178 -1.175 -0.789 -2.975  -3.237 
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Appendix 6: Average Zonal Wheat Yield for the year 2000 to 2010. 

Table 6-1: Original Wheat Yield for the year 2000 to 2010 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Central 11.61 9.85  11.23 11.82 12.01 12.17 13.85 16.44  20.06 

2 Eastern 9.14 12.08  13.25 9.43 12.01 14.33 14.4 10.52  19.61 

3 Southern 10.49 12.45  11.29 9.26 13.61 15.82 14.32 14.55  18.54 

4 North Gonder 7.18 9.67  11.1 12.92 13.22 15.53 13.05 14.9  19.49 

5 South Gonder 7.13 10.3  8.59 7.54 9.83 10.41 11.68 12.5  17.14 

6 North Wollo 10.07 11.62  15.28 11.89 12.31 12.31 12.74 15.02  13.41 

7 South Wollo 12.41 12.2  12.17 15.36 12.36 13.63 14.35 15.94  14.14 

8 East Gojam 11.9 15.7  13.04 16.44 13.68 13.65 19.77 19.04  16.95 

9 West Gojam 9.36 15.68  15.83 21.38 17.29 16.09 20.03 17.12  17.1 

10 Wag Himra 8.84 7.72  8.14 8.55 11.5 14.07 10.85 10.25  12.11 

11 Awi/Agew 6.89 11.98  11.48 9.23 9.65 11.63 16.95 13.18  13.67 

12 Jimma 9.65 12.71  11.18 15.12 10.88 12.13 16.34 14.51  14.21 

13 West Shewa 10.54 15.64  15.37 18.84 19.26 21.65 15.03 17.81  18.26 

14 East Shewa 14.63 15.77  17.21 15.84 19.81 23.37 16.6 19.32  17.77 

15 North Shewa(R4) 10.79 10.52  10.73 11.6 13.11 14.17 12.46 15.19  13.25 

16 Arsi 13.19 17.65  20 20.63 17.48 16.79 16.44 21.14  21.94 

17 Bale 14.87 16.76  17.72 17.26 16.14 18.12 21.83 23.85  23.19 

18 Gurage 9.93 13  18.77 20.84 17.47 19.11 17.58 21.52  21.26 

19 Hadiya 12.87 17.21  18.12 16.26 18.44 18.74 19.06 22.07  18.74 

20 KAT 11.84 15.65  19.83 16.39 17.9 17.63 14 17.52  17.38 

21 Yem 7.81 9.63  11.15 11.32 11.83 12.58 13.67 13.51  13.81 

22 Burji 3.88 4.48  6.22 10.27 3.35 3.27 4.55 10.36  6.83 
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Table 6-2: Detrended Wheat Yield for the year 2000 to 2010 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Central 1.639 -1.983  -0.244 0.356 -0.663 -1.947 -1.043 2.360  2.160 

2 Eastern -0.856 0.169  1.580 -2.276 -0.768 0.141 -0.501 -3.762  1.818 

3 Southern 0.470 0.462  -0.576 -2.688 0.727 1.559 -0.589 0.067  0.856 

4 North Gonder -2.865 -2.396  -0.962 0.729 0.231 1.197 -1.868 0.216  1.914 

5 South Gonder -2.939 -1.844  -3.668 -4.893 -3.264 -3.995 -3.246 -2.385  -0.328 

6 North Wollo -0.024 -0.601  2.826 -0.786 -0.890 -2.167 -2.194 -0.067  -3.950 

7 South Wollo 2.292 -0.099  -0.480 2.442 -0.945 -0.919 -0.592 0.652  -3.112 

8 East Gojam 1.758 3.323  0.194 3.280 0.270 -0.971 4.819 3.551  -0.194 

9 West Gojam -0.807 3.226  2.788 7.977 3.774 1.397 5.071 1.429  0.064 

10 Wag Himra -1.351 -4.812  -5.098 -5.095 -2.121 -0.695 -4.117 -5.642  -4.818 

11 Awi/Agew -3.326 -0.630  -1.954 -4.657 -4.076 -3.207 1.975 -2.913  -3.150 

12 Jimma -0.590 0.023  -2.450 0.990 -2.952 -2.779 1.356 -1.784  -2.502 

13 West Shewa 0.275 2.875  1.544 4.468 5.323 6.669 0.038 1.314  1.656 

14 East Shewa 4.341 2.927  3.188 1.225 5.767 8.317 1.600 2.623  1.274 

15 North Shewa(R4) 0.476 -2.400  -3.488 -3.257 -1.038 -0.955 -2.548 -1.708  -3.138 

16 Arsi 2.852 4.652  5.586 5.531 3.227 1.593 1.423 4.041  5.660 

17 Bale 4.507 3.684  3.110 1.918 1.781 2.851 6.805 6.549  7.017 

18 Gurage -0.457 -0.153  3.964 5.256 3.006 3.769 2.547 4.018  5.195 

19 Hadiya 2.458 3.979  3.118 0.434 3.871 3.327 4.018 4.367  2.783 

20 KAT 1.404 2.341  4.632 0.321 3.225 2.145 -1.050 -0.384  1.531 

21 Yem -2.651 -3.756  -4.244 -4.991 -2.950 -2.977 -1.388 -4.596  -1.931 

22 Burji -6.605 -8.984  -9.370 -6.284 -11.535 -12.359 -10.516 -7.947  -8.803 
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Appendix 7: Average Zonal Maize Yield for the year 2000 to 2010. 

Table 7-1: Original Maize Yield for the year 2000 to 2010 
 
 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 19.45 19.78  17.49 14.08 18.76 20.88 15.33 20.25  25.93 

4 Southern 16.86 15.49  10.3 7.1 17.29 17.93 14.66 15.68  21.64 

5 North Gonder 10.58 16.72  13.17 19.31 20.01 22.24 17.78 22.55  23.66 

6 South Gonder 11.18 16.16  11.8 10.66 15.13 15.99 16.07 16.93  22.11 

8 South Wollo 12.7 16.13  13.93 9.79 16.1 16.3 20.03 15.09  22.38 

9 North Shewa(R3) 12.07 10.05  12.07 12.29 18.69 20.62 16.24 18.55  21.23 

10 East Gojam 17.95 20.37  14.63 18.05 17.93 22.91 21.87 28.04  25.91 

11 West Gojam 20.2 26.02  22.11 19.35 24.18 26.55 27.64 26.04  27.63 

12 Wag Himra 11 6.61  8.8 4.34 11.27 12.55 12.69 13.01  14.65 

13 Awi/Agew 17.62 28.4  21.43 20.51 25.11 24.89 25.56 20.8  28.66 

14 East Wellega 23.5 28.36  20.42 23 26.55 25.81 24.9 23.57  28.26 

15 Oromia 17.8 10.97  16.66 11.61 16.86 14.92 16.97 17.02  17.95 

16 West Wellega 21.78 22.33  19.51 21.11 25 22.79 21.7 23.25  26.68 

17 Ilubabor 18.84 19.83  17.26 15.76 20.75 21.2 19.06 22.71  26.83 

18 Jimma 19.9 24.22  18.73 22.86 23.47 23.44 20.89 24.82  26.09 

19 West Shewa 22.25 28.23  20.89 19.42 27.59 23.58 21.46 24.01  29.92 

20 East Shewa 18.25 22.3  23.67 15.95 27.94 28.53 27.26 27.14  23.9 

21 North Shewa(R4) 10.09 14.99  10.61 11.86 10.56 11.11 15.81 17.62  23.1 

22 Arsi 16.18 22.42  21.99 20.03 23.14 19.83 18.58 22.59  24.69 

23 West Harerge 19.58 16.79  16.33 12.22 16.87 17.56 19.48 17.49  18.93 

24 East Harerge 13.91 19.69  19.77 13.27 18.89 21.26 24.57 21.83  22.17 

25 Bale 14.04 19.68  15.74 15.65 19.02 19.87 19.5 26.98  18.19 

26 Metekel 18.69 24.45  24.3 21.94 21.99 24.76 21.31 29.38  27.29 

27 Asosa 15.98 16.01  12.55 15.91 16.06 15.43 18.41 19.91  25.95 

28 Gurage 18.34 18  22.16 21.7 22.26 25.21 22.71 20.45  28.76 

29 Hadiya 16.31 15.5  15.5 17.41 18.13 20.67 15.69 18.88  18.31 

31 Sidama 14.51 17.91  19.85 19.47 21.14 20.97 22.05 21.4  27.53 

33 South Omo 9.4 14.66  11.29 18.85 9.84 11.92 11.41 16.49  22.44 

34 Bench Maji 20.27 16.2  10.3 8.53 19.29 24.19 16.52 18.33  27 

35 Yem 13.46 13.14  12.22 13.92 19.45 18.44 14.29 14.2  18.7 

37 Burji 15.72 16.89  8.99 17.81 5.74 6.89 15.67 17.57  14.63 

38 Konso 8.12 7.52  3.9 9.75 6.56 7.36 14.53 17.35  18.03 

39 Derashe 7.1 7.15  4.65 10.93 8.97 9.2 14.38 18.25  14.73 

40 Hareri 11.46 8.75  13.02 8.83 13.01 16.19 16.59 20.24  20.04 

41 Dire Dawa 9 12.82  12.77 10.92 12.17 11.18 19.71 12.34  15.77 
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Table 7-2: Detrended Maize Yield for the year 2000 to 2010 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 1.659 -0.985 -0.501 -0.017 -1.457 -3.136 -1.743 -4.858 -1.322 -0.407 0.509 

4 Southern -0.799 -5.086 -6.084 -7.083 -8.421 -4.387 -4.476 -5.452 -5.818 -4.724 -3.630 

5 North Gonder -6.947 -3.667 -3.878 -4.089 3.805 -1.447 0.050 -2.256 1.127 -0.166 -1.458 

6 South Gonder -6.215 -4.039 -4.687 -5.334 -4.829 -6.107 -5.984 -3.890 -4.419 -3.638 -2.857 

8 South Wollo -4.563 -3.880 -3.480 -3.080 -5.683 -4.918 -5.458 0.146 -6.185 -4.310 -2.436 

9 North Shewa(R3) -5.061 -9.772 -7.294 -4.816 -3.166 -2.108 -0.922 -3.568 -2.650 -3.042 -3.434 

10 East Gojam 0.951 0.737 -0.697 -2.132 2.610 -2.649 1.584 2.138 6.914 4.156 1.397 

11 West Gojam 3.334 6.576 6.024 5.473 3.926 3.821 5.441 7.984 4.989 4.129 3.268 

12 Wag Himra -5.734 -12.646 -10.179 -7.713 -11.068 -8.870 -8.343 -6.890 -7.967 -8.764 -9.560 

13 Awi/Agew 1.018 9.333 7.187 5.041 5.118 5.190 4.213 6.056 -0.103 2.249 4.601 

14 East Wellega 7.030 9.481 6.819 4.156 7.624 6.850 5.349 5.472 2.742 3.547 4.352 

15 Oromia 1.462 -7.720 -3.600 0.520 -3.750 -2.621 -5.325 -2.381 -3.734 -4.770 -5.806 

16 West Wellega 5.574 3.829 3.661 3.494 5.767 5.739 2.761 2.425 2.571 2.823 3.075 

17 Ilubabor 2.766 1.517 1.443 1.368 0.433 1.708 1.388 -0.139 2.105 2.741 3.376 

18 Jimma 3.958 6.096 4.529 2.963 7.549 4.648 3.844 1.767 4.289 3.539 2.788 

19 West Shewa 6.440 10.295 7.771 5.247 4.125 8.987 4.200 2.413 3.554 5.161 6.769 

20 East Shewa 2.572 4.553 6.352 8.151 0.671 9.557 9.366 8.289 6.758 3.829 0.900 

21 North Shewa(R4) -5.455 -2.568 -3.676 -4.785 -3.403 -7.603 -7.838 -3.085 -2.687 -1.218 0.252 

22 Arsi 0.767 5.050 5.885 6.720 4.784 5.196 1.098 -0.239 2.357 2.175 1.993 

23 West Harerge 4.299 -0.391 0.396 1.184 -3.010 -0.854 -0.955 0.737 -2.669 -3.142 -3.616 

24 East Harerge -1.239 2.698 3.723 4.748 -1.944 1.385 2.961 5.903 1.746 0.761 -0.224 

25 Bale -0.977 2.876 1.859 0.843 0.452 1.735 1.787 0.910 6.970 1.459 -4.053 

26 Metekel 3.805 7.835 8.681 9.527 6.758 4.924 6.893 2.796 9.445 7.321 5.198 

27 Asosa 1.227 -0.417 -1.258 -2.099 0.744 -0.786 -2.221 -0.028 0.049 2.029 4.010 

28 Gurage 3.719 1.762 4.699 7.635 6.551 5.634 7.776 4.348 0.663 3.817 6.971 

29 Hadiya 1.821 -0.549 0.275 1.100 2.277 1.723 3.452 -2.596 -0.832 -2.080 -3.328 

31 Sidama 0.153 2.049 3.812 5.574 4.353 4.953 3.968 3.840 1.762 3.903 6.044 

33 South Omo -4.824 -1.012 -1.937 -2.862 3.749 -6.128 -4.866 -6.724 -3.074 -0.984 1.105 

34 Bench Maji 6.178 0.716 -1.506 -3.728 -6.555 3.542 7.620 -1.538 -1.159 2.329 5.816 

35 Yem -0.500 -2.155 -1.919 -1.683 -1.149 3.921 2.086 -3.692 -5.215 -3.774 -2.332 

37 Burji 1.892 1.784 -1.503 -4.789 2.758 -9.569 -9.247 -2.236 -1.770 -4.011 -6.251 

38 Konso -5.576 -7.398 -8.576 -9.755 -5.286 -8.529 -8.561 -3.300 -1.916 -2.308 -2.700 

39 Derashe -6.464 -7.579 -8.230 -8.880 -4.090 -5.900 -6.505 -3.373 -0.942 -3.395 -5.848 

40 Hareri -1.972 -5.791 -3.088 -0.386 -6.174 -1.640 0.701 -1.087 1.123 0.368 -0.387 

41 Dire Dawa -4.300 -1.532 -1.022 -0.512 -4.068 -2.261 -4.093 2.109 -6.703 -5.604 -4.506 
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Appendix 8: Average Zonal Sorghum Yield for the year 2000 to 2010. 

Table 8-1: Original Sorghum Yield for the year 2000 to 2010 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 15.01 16.19 16.18 16.17 12.8 15.25 15.9 15.25 18.52 20.345 22.17 

2 Central 9.29 12.38 11.385 10.39 7.76 14.9 12.84 13.76 15.22 19.35 23.48 

3 Southern 12.42 23.43 21.62 19.81 18.47 18.69 20.79 18.28 16.05 15.665 15.28 

4 North Gonder 9.1 12.7 11.605 10.51 15.57 15.54 17.18 15.01 18.62 20.47 22.32 

5 North Wollo 13.07 14.21 15.09 15.97 14.09 14.68 14.38 21.01 16.47 19.865 23.26 

6 South Wollo 11.9 13.59 15.315 17.04 14.75 16.69 15.53 16.45 13.22 18.175 23.13 

7 North Shewa(R3) 9.79 13.16 14.385 15.61 13.61 17.76 19.17 15.59 15.91 19.515 23.12 

8 Wag Himra 7.39 8.8 7.81 6.82 2.28 14.41 13.46 12.6 14.41 16.22 18.03 

9 East Wellega 14.5 20.24 18.315 16.39 14.65 19.59 20.36 16.49 18.53 21.44 24.35 

10 Oromia 12.63 12.72 12.415 12.11 11.94 14.85 14.83 16.85 15.1 17.035 18.97 

11 West Wellega 13.52 15.51 14.615 13.72 19.78 16.7 16.43 17.24 16.98 18.775 20.57 

12 Ilubabor 12.37 13.34 13.3 13.26 14.71 16.32 18.77 16.23 20.1 23.175 26.25 

13 Jimma 11.88 14.05 12.84 11.63 17.48 13.34 14.23 15.12 15.86 16.405 16.95 

14 West Shewa 6 17.41 17.835 18.26 16.99 18.62 19.98 14.76 16.54 20.58 24.62 

15 East Shewa 9.97 12.44 14.24 16.04 10.86 17.38 21.48 20.44 14.99 19.105 23.22 

16 North Shewa(R4) 10.82 12.12 12.905 13.69 14.67 14.92 14.48 14.01 18.01 19.65 21.29 

17 West Harerge 16.95 14.75 14.45 14.15 13.13 13.18 14.59 23.95 15.06 17.325 19.59 

18 East Harerge 12.92 12.17 13.475 14.78 11.74 11.96 14.92 28.49 13.6 16.985 20.37 

19 Metekel 12.3 13.83 14.07 14.31 9.48 14.51 16.58 15.29 17.68 16.725 15.77 

20 Asosa 12.04 10.21 9.38 8.55 9.17 11.06 12.21 14.77 14.39 14.915 15.44 

21 Hadiya 10.69 9.52 9.395 9.27 11.56 13.25 14.73 11.69 15.67 14.875 14.08 

22 South Omo 7.68 8.93 7.315 5.7 6.57 7.84 8.9 8.17 16.02 17.28 18.54 

23 Bench Maji 12.87 14.79 13.565 12.34 11.55 12.93 12.92 18.88 18.38 18.705 19.03 

24 Yem 9.37 10.15 9.385 8.62 11.62 9.03 10.28 10.76 14.13 13.625 13.12 

25 Burji 5.47 6.06 4.71 3.36 11.45 3.88 3.4 4.9 14.72 13.665 12.61 

26 Konso 4.28 3.45 2.59 1.73 5.76 3.83 3.77 10.15 13.36 10.84 8.32 

27 Derashe 8.17 8.94 6.54 4.14 10.6 9.57 8.4 10.84 17.6 12.77 7.94 

28 Hareri 8.14 16.55 12.26 7.97 5.61 8.98 11.67 12.09 15.25 15.105 14.96 
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Table 8-2: Detrended Sorghum Yield for the year 2000 to 2010 
 
No ZONENAME Years 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

1 Western 2.318 -0.101  -0.615 -2.063 -3.358 -3.152 -2.835 1.779  -2.110 

2 Central -3.257 -3.661  -6.031 -6.898 -3.334 -5.865 -4.121 -1.473  -0.395 

3 Southern 0.018 7.639  3.753 4.017 0.830 2.433 0.604 -0.594  -8.190 

4 North Gonder -3.157 -2.841  -5.183 1.322 -1.946 -0.830 -2.462 2.024  -0.745 

5 North Wollo 0.958 -1.081  0.641 0.047 -2.432 -3.283 3.743 -0.077  0.600 

6 South Wollo -0.067 -1.451  2.075 0.912 -0.048 -1.785 -0.613 -3.278  0.875 

7 North Shewa(R3) -2.032 -1.631  1.010 -0.023 1.396 2.202 -1.268 -0.540  1.270 

8 Wag Himra -4.286 -5.741  -7.416 -11.148 -1.580 -3.161 -4.054 -1.991  -3.415 

9 East Wellega 2.969 5.949  2.518 1.427 3.974 4.086 0.041 2.177  3.310 

10 Oromia 1.244 -1.321  -1.398 -1.078 -0.392 -1.096 0.606 -1.204  -1.666 

11 West Wellega 2.279 1.719  0.576 6.968 1.832 0.851 1.200 0.725  0.339 

12 Ilubabor 1.274 -0.201  0.480 2.103 1.826 3.538 0.395 3.893  6.424 

13 Jimma 0.929 0.759  -0.786 5.078 -0.780 -0.654 -0.511 -0.298  -2.471 

14 West Shewa -4.806 4.369  6.209 4.793 4.874 5.443 -0.666 0.430  5.604 

15 East Shewa -0.691 -0.351  4.353 -1.132 4.008 7.290 5.218 -1.071  4.609 

16 North Shewa(R4) 0.304 -0.421  2.367 2.883 1.922 0.637 -1.007 1.998  3.084 

17 West Harerge 6.579 2.459  3.191 1.548 0.556 1.095 9.137 -0.904  1.789 

18 East Harerge 2.694 0.129  4.185 0.363 -0.290 1.772 13.882 -2.315  2.974 

19 Metekel 2.219 2.039  4.079 -1.692 2.634 3.779 0.887 1.813  -1.222 

20 Asosa 2.104 -1.331  -1.316 -1.797 -0.442 -0.244 0.571 -1.428  -1.147 

21 Hadiya 0.899 -1.771  -0.232 0.798 2.122 2.624 -2.304 -0.100  -2.102 

22 South Omo -1.966 -2.111  -3.438 -3.986 -2.914 -2.859 -5.620 0.299  2.763 

23 Bench Maji 3.369 3.999  3.566 1.199 2.550 1.508 5.295 2.708  3.658 

24 Yem 0.014 -0.391  0.210 1.474 -0.976 -0.784 -2.621 -1.494  -1.847 

25 Burji -3.740 -4.231  -4.686 1.509 -5.752 -7.317 -8.276 -0.855  -1.952 

26 Konso -4.785 -6.591  -5.952 -3.976 -5.428 -6.600 -2.822 -2.167  -5.837 

27 Derashe -0.750 -0.851  -3.177 1.069 0.686 -1.623 -1.927 2.122  -5.812 

28 Hareri -0.635 7.009  1.017 -3.716 0.470 1.995 -0.472 -0.179  1.612 
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Appendix 9: Comparisons of correlation coefficients between standardized and 

median cereals yield (Qt/ha) anomalies 

No Zone R2 from 
StandardizedCereals 

R2 from Median 
Anomally 

1 Western 0.0913 0.0178 
2 Central 0.0723 0.0618 
3 Eastern 0.6576 0.6576 
4 Southern 0.527 0.527 
5 North Gonder 0.2442 0.134 
6 South Gonder 0.1136 0.1136 
7 North Wollo 0.0223 0.0144 
8 South Wollo 0.6495 0.3332 
9 North Shewa(R3) 0.0055 0.0036 

10 East Gojam 0.3644 0.3644 
11 West Gojam 0.165 0.165 
12 Wag Himra 0.4169 0.4169 
13 Awi/Agew 0.0326 0.0326 
14 East Wellega 0.6327 0.6327 
15 Oromia 0.7332 0.7332 
16 West Wellega 0.4062 0.4062 
17 Ilubabor 0.411 0.411 
18 Jimma 0.1458 0.1458 
19 West Shewa 0.1799 0.1799 
20 East Shewa 0.3406 0.3406 
21 North Shewa(R4) 0.4514 0.4514 
22 Arsi 0.4353 0.4353 
23 West Harerge 0.1377 0.1377 
24 East Harerge 0.0787 0.0787 
25 Bale 0.009 0.009 
26 Metekel 0.5977 0.5977 
27 Asosa 0.4277 0.4277 
28 Gurage 0.8178 0.8178 
29 Hadiya 0.1484 0.1484 
30 KAT 0.2651 0.2651 
31 Sidama 0.0661 0.0661 
32 Gedio 0.5117 0.5117 
33 South Omo 0.2546 0.2546 
34 Bench Maji 0.1903 0.1903 
35 Yem 0.0086 0.0086 
36 Amaro 0.4685 0.4685 
37 Burji 0.4028 0.4028 
38 Konso 0.0051 0.0051 
39 Derashe 0.0526 0.0526 
40 Hareri 0.3248 0.3248 
41 Dire Dawa 0.1609 0.1609 
 



Information Transfer Program Introduction

The University of Nebraska-Lincoln (UNL) Water Center is actively pursued its tradition of vigorous and
diverse information transfer programming in 2011. USGS funding continues to help underwrite a wide variety
of public and professional information, public relations and education efforts, including: (1) four quarterly
issues of the Water Current newsletter, which are mailed to more than 2,700 subscribers and appears as an
online pdf; (2) updated and reprinted Water Center fact sheets and online UNL water faculty directories
database; (3) 24 press releases reporting on water-related research and outreach programming or promoting
Water Center and UNL water-related educational activities; (4) supporting four internet web sites; (5)
publicity and supporting materials for an annual water law conference, public lecture series, colloquium,
brown bag lectures, water and natural resources tour to western Nebraska; and (6) coordinating UNL
Extension’s largest public display and student recruitment event of the year at the Husker Harvest Days farm
show.

Late in the year, the UNL Water Center affiliated with the Robert B. Daugherty Water for Food Institute, a
global imitative involving all University of Nebraska water-related faculty and staff with a mission of greater
global agricultural water management efficiency (“More crop per drop”) and is beginning to collaborate with
that entity on national and international publicity and information campaigns. This relationship is expected to
become stronger in the coming year.
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Information Transfer Plan/Water Education

Basic Information

Title: Information Transfer Plan/Water Education
Project Number: 2008NE173B

Start Date: 3/1/2010
End Date: 2/29/2012

Funding Source: 104B
Congressional District: 1

Research Category: Not Applicable
Focus Category: Education, None, None

Descriptors: None
Principal Investigators: Bruce Irvin Dvorak, Steven W. Ress

Publications

Newsletter: The Water Current newsletter has a free, subscriber-based distribution of approximately
3,100 copies per issue, more than 95% of which are requested subscriptions. It is published quarterly
in a full-color magazine format, and is available online. Water-related research, engagement,
education and outreach faculty and water-related professional staff are featured in each issue. Guest
columns and articles are encouraged. A director’s column is published in each issue. News Releases:
The Water Center produces about 30 press releases annually focused on research results or progress,
extension programming, educational opportunities, public tours, seminars, lectures, symposiums and
conferences, awarding of major research grants and other matters of public impact involving the
Water Center and other natural resource-focused UNL entities. These releases support a wide variety
of UNL water-related research and outreach that cross departmental and academic disciplines. They
focus on public impacts of UNL-sponsored research and programming. The UNL Water Center writes
these for many UNL environmental science-related departments and faculty members who do not
have a staff communicator available to them. The Water Center coordinates public media requests for
information and interviews with sources on any water-related topic of interest to them and devotes
significant attention to cultivating long-term relationships with members of the working media. The
Water Center has a long reputation as a willing and reliable “source” among local, state and regional
media for water and natural resources news. Media calls are frequent and water-related faculty and
staff are accustomed to fielding questions from the media, doing radio and television interviews, etc.
The Water Center makes wide use of electronic and broadcast journalism sources, as well as more
traditional print (newspaper) sources.

1. 

Brochures and pamphlets: All full color. Produced as needed. These include, but are not limited to,
mission and programming of the UNL Water Center, UNL Water Sciences Laboratory, Tern and
Plover Conservation Partnership, annual Water and Natural Resources Tour and for other units or
programs affiliated with or sponsored by the Water Center. All have online versions, as well.

2. 

Water Center fact sheets: All full-color, generally one sheet. Used to inform and promote both general
themes, such as the Water Center itself, or to announce specific programs, seminars, courses, etc.
There are various editions, designed for specific internal and external audiences.

3. 

Nebraska Water Map: A 24 x 36” full-color map of Nebraska surface and groundwater resources.
Includes inset maps, diagrams and photos that describe the basics of water quantity, quality and use in
Nebraska. The map is used for educational purposes across the state, and is available online. More
than 65,000 have been distributed statewide. A range of publications produced outside the UNL

4. 
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Water Center, particularly fact sheets, research project results and other print materials from USGS,
Nebraska Department of Environmental Quality, U.S. Environmental Protection Agency, U.S. Army
Corps of Engineers, local Natural Resources Districts and University of Nebraska-Lincoln Extension,
are available through Water Center and School of Natural Resources web sites or in print form. UNL
Water Center assists with content, design, editing and production for many of these publications.
Electronic Resources: Print materials produced by the UNL Water Center, and other information, are
available online. The Water Center co-sponsors, designs and maintains the following related Internet
web sites: UNL Water: http://water.unl.edu UNL Water Center: http://watercenter.unl.edu/ Water
Sciences Laboratory: http://waterscience.unl.edu UNL School of Natural Resources:
http://snr.unl.edu/water/index.asp

5. 
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Conferences, Seminars, Tours, Workshops, and Other Outreach: 
 
Water and Natural Resources Seminars: A longstanding annual series of 12 to 14 free weekly 
public lectures from conducted from January to April. The series dates to the early 1970’s and 
includes a broad range of water and natural resource-related topics, such as irrigation and other 
agriculture topics, fish and wildlife, drinking water and wastewater, watershed management, 
modeling, energy, climate change, law, economics, and political science. In 2011 the series 
included a mini sub-series of four stormwater management lectures co-sponsored by UNL 
Extension’s Stormwater Management Team. Individual lectures attract an audience of 60 to 100, 
including approximately 15 graduate and undergraduate students who attend the lectures as a one-
credit-hour course. Other audience members include faculty, government and organizational 
employees, policy makers and interested members of the public. News releases, mailings, 
brochures, posters and web-based information are produced supporting this series. Most lectures 
are posted online for viewing by those than cannot attend. 
 
Summer Water and Natural Resources Tour: The tour is another long-standing Water Center 
activity, dating to UNL “Irrigation tours” first conducted in the 1970’s. The 2011 tour explored 
water and agricultural issues in Western Nebraska’s Sandhills region and was sold-out, as they 
typically are. Attendees include state legislators, congressional staff, faculty, and water scientists 
and managers from a wide variety of public and private entities. The event is co-sponsored and 
co-planned with the Kearney Area Chamber of Commerce, Nebraska Public Power District, 
Central Nebraska Public Power and Irrigation District and others. News releases, mailings and a 
brochure are produced supporting this event. 
 
Water Law Conference: A one-day event focused on Nebraska water law issues such as water 
rights transfers, drainage issues, Clean Water Act enforcement, etc. It is targeted to practicing 
attorneys but open to all. Typically half those attending are water managers and policy-makers. 
The program is developed by a committee that includes Nebraska’s top water lawyers, and is co-
sponsored by the University of Nebraska College of Law. 
 
Great Plains Climate, Water and Ecosystems Symposium: A one-day event following the 
water law conference focusing on Great Plains climate, water and ecosystems and showcasing 
impacts at the intersection of climate change or variability, water and all other disciplines, 
including infrastructure, design, hydropower, agriculture, ecosystem services, drinking water and 
many others.  Geographic focus was centered on the Great Plains, including research or 
programming transferrable to the Great Plains.  
 
Faculty/Staff/Student Networking and Mentoring Events: The Nebraska Water Center is 
particularly focused on assisting faculty who are interested in interdisciplinary research. In 
addition to helping link individual faculty members to groups, the Water Center sponsored three 
events to help connect faculty. First was a networking/social event, attended by 18 
faculty.  Second were two brownbag mentoring/networking events for assistant professors.  The 
topics were digital data management and storage, and advice on post-grant 
administration.  Attendance was 8 and 5, respectively. Finally, a mini-workshop on creating and 
presenting effective posters was offered to graduate students in water-related 
disciplines.  Attendance was 21 students from 5 departments. 
 
 
 
 



Mentoring: The Water Center prioritizes mentoring newer assistant professors to help them 
establish successful careers. Newer faculty from the many academic units associated with the 
Water Center attended several brown bag sessions during the year where they could get 
acquainted and get advice from senior faculty and external partners on topics such as working 
with stakeholders, multidisciplinary research, and managing large data sets over their careers. 
 
Other Outreach: Water Center staff routinely provides talks for groups and respond to requests 
for information. For example, during 2010 the Water Center coordinated faculty testimony and 
white papers for the Nebraska Legislature related to impacts of a new oil pipeline through the 
ecologically fragile Nebraska Sandhills and over the High Plains aquifer, the largest aquifer in 
North America. 
 
Educational Displays:  The Water Center makes frequent public displays in association with 
conferences, symposiums, trade shows, educational open houses and water and environmental 
education festivals. Water Center staff make presentations and sit on steering committees for such 
annual educational and informational festivals as “Earth Wellness Festival,” “Sunday with a 
Scientist, ” “Gateway Farm Expo” and others. Water Center staff superintends UNL research 
exhibits at “Husker Harvest Days,” one of the largest commercial agricultural expos in the 
country. More than 50,000 tour UNL exhibits during the three-day show. 
 
Grant/Award:  Clean Water Act Section 319 grant from the U.S. Environmental Protection 
Agency via the Nebraska Department of Environmental Quality (NDEQ) to develop, write and 
publish a print and online publication documenting the more than 10 years of work of the 
cooperative Community Lakes Restoration Program, conducted jointly by the NDEQ, University 
of Nebraska-Lincoln Extension and the Nebraska Game and Parks Commission. An 18-month 
grant in the amount of approximately $53,000 awarded to UNL Water Center communicator 
Steve Ress and interim director Bruce Dvorak.  
 
Primary Information Dissemination Clientele: 
U.S. Department of Agriculture  
U.S. Environmental Protection Agency  
U.S. Geological Survey  
U.S. Bureau of Reclamation  
U.S. Army Corps of Engineers  
U.S. Bureau of Land Management  
Nebraska Department of Natural Resources  
Nebraska Department of Agriculture  
Nebraska Health and Human Services System  
Nebraska Department of Environmental Quality  
Nebraska Environmental Trust Fund  
Nebraska Association of Resources Districts (and 23 individual NRDs)  
Nebraska Congressional delegation  
Nebraska State Senators  
Public and private power and irrigation districts  
The Audubon Society  
The Nature Conservancy  
Nebraska Alliance for Environmental Education  
Nebraska Earth Science Education Network  
Other state Water Resources Research Institutes  
University and college researchers and educators  
NU students Public and parochial science teachers  



Farmers  
Irrigators 
Irrigation districts and ditch companies  
Private citizens 
 
Cooperating Entities:  
In addition to primary support from the USGS, the following agencies and entities have helped 
fund communications activities by the UNL Water Center during the past year. 
U.S. Environmental Protection Agency  
U.S. Department of Agriculture Nebraska Department of Environmental Quality Nebraska 
Research Initiative 
Nebraska Game and Parks Commission 
Nebraska Environmental Trust 
Nebraska Department of Environmental Quality   
National Water Research Institute  
Nebraska Public Power District  
Central Nebraska Public Power and Irrigation District  
Farm Credit Services of America 
Kearney Area Chamber of Commerce  
Nebraska Association of Resources Districts  
UNL Institute of Agriculture and Natural Resources  
UNL Agricultural Research Division  
UNL College of Agricultural Sciences and Natural Resources  
UNL School of Natural Resources  
University of Nebraska Robert B. Daugherty Water for Food Institute  
NU College of Law  
USGS Nebraska Water Science Center  
Nebraska Center for Energy Sciences Research 



USGS Summer Intern Program

None.
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Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 0 0 0 0 0
Masters 1 0 0 0 1

Ph.D. 0 0 0 0 0
Post-Doc. 0 0 0 0 0

Total 1 0 0 0 1

1
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