


































































































































service providers were not serving the fanners appropriate ly. On the other hand, thc standardized 

beta coefficient for irrigation variable was small and not stat isticall y significant. This was 

perhaps related to the generally well distri buted and timely rainfa ll in Ethiopia du ring the 

surveyed year (see FAO/WFP, 2008) so that production diffe rences were not observed due to 

water availabili ty. 

We fo und statistica ll y sign ificant effects of crop land , human labou r, oxen power, education and 

seed on crop yield at SNNP region. All these coeffic ients were pos iti ve except the coefficient of 

seed variable . The standardized beta coeffic ient for human labor (0.3088) was fo und to be the 

highest compared to others. This implies that human labor was the major input in max imizing 

crop yie ld at the region. An increase of 1 % in the average number of individuals per househo ld 

led to an increase of 0.78% in crop yield provided the other vari ables were constant. This result 

was of course di fferent from the other regions where the coefficient estimate fo r area of crop land 

was the highest. The possible reason behi nd the highest coefficient esti mate fo r the human labor 

variable is that large proportions of individua ls at the region were in the economicall y working 

age (15 - 64), that was 49.7% (FDREPCC, 2008). Thus , they were hi ghly and effectively 

participating in the agricultural practices. 

Though it is generall y be lieved that application of fert ilizer in crop farms increascs the crop yield 

to the greater extent, the contribution was not statistically significant and received sign different 

from theoreti cal expectation in SNNP region. The non-signi ficance of fe rtili ze r variable may be 

attributed to the level of use in which the mean amoun t was the mini mum (27.04 Kg) as 

compared to the remaining regions. 

The coeffi cient estimates for a ll variables entered as dummy except irri gation were stati stical ly 

signi fican t and had signs expected a priori in SNNP region. Counter to theoretica l expectations, 

the coeffi cient estimate for the irrigation vari able was negati ve implying that fa nners who used 

irri gation produced smaller amount of crops than those who did not. This was perhaps due to the 

inappropriate application of water on the fi eld owing to lack of suffi cient knowledge. 

In summary, the change in output relative to a unit change in input, the elastici ty of production 

for the Cobb- Douglas n mction is the same as the coefficients of the estimated mode l. 

Accord ingly, the production elasticity fo r each of the inputs at each region was less than unity 
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except for crop areas in Tigray, Amhara and Oromia regions which were 1.7350, 1.3585 and 

1.0251 respectivel y. This reveals that the relation between inputs and output was inelastic except 

crop areas in the stated regions. That is, holding other factors constant, the margina l return to 

each factor will decrease as more of the factors are used. The production elasticiti es for crop 

areas in Tigray, Amhara and Oromia regions imply the maximum technical effi ciency. Also the 

coefficients of returns to scale, which are obtained by summing the estimated coefficients 01' 

variable inputs (inputs which change with the vo lume of output over a spec ified time period (c.g. 

fertilizer, seeds, fuel, harvest labor etc, Elli s, 1994, pp. 42) , were greater than unity fo r each of 

the regions indicating increasing returns to scale. From these results it follows that an increase in 

all factors of production by I % will lead to an increment of crop yield by I ~ percent. Thi s will 

in fact hold true only if the peasant can actually make a proportionate change in every input 

factor. To thi s end, the finding pertaining to increasing returns is in full agreement wi th the claim 

that cases of increasing returns to scale occur at relatively low leve ls of output, which are 

characteristics of small scale farming (Mbanasor and Obioha, 2003 citing Olay ide and Heady, 

1982). 
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CHAPTER FIVE 

s. CONCLUSION AND RECOMMENDATIONS 

5.1: Conclusion 

This thesis applied robust regress ion method for production functions analysis of four major crop 

producing regions in Ethiopia namely, Tigray, Amhara, Oromia and SNN P. At first, thrce 

production functions (linear, exponential and Cobb-Douglas) were proposed, but the stati stical 

model diagnostics and checking in addition to a priori theoretical expectations suggested that 

crop production function for each of the region was found to be appropriately represented by the 

Cobb-Douglas production function. This is in fact in conformity with the literature (e .g., Yao 

(1996); Addis, et. al (2001); Pender and Gebremedhin (2007)). 

In general , the stati stical findings from each region reveal that fa rm SIze, fertili zer, seed 

employed, oxen power and human labor were playing a pivotal role fo r the max imization of crop 

yield. From among these variables, the great contribution was found to be due to farm size 

(highest standardized beta coeffi cient) in each of the regions with SNNP an exception in wh ich 

the great share was due to human labor. However, given that the possibil ity for increasing fa rm 

size is impracticable due to the prevail ing population growth maximi zing land productivity can 

onl y be achieved through effective involvement of labor and effi cient use of modern agri cu ltura l 

practices. This comprises educating fanners (offering formal education or short term tra in ings 

which focus on the wise appl ication of agricultural inputs), intensify ing use of insecticides and 

pesticides, increasing application of chemical fertili zer, rising irrigated areas and expansion of 

agricultural ex tension services to the greater extent. The conclusion in thi s anal ysis is strongly 

consistent with the po licy direction set in ADLI strategy. What the conclusion in thi s analys is 

rea lly argues is that expansion of modern agricu ltural inputs and practices have to be performed 

to the maximum poss ible scale. 

To thi s end, the contribution of fertili zer for signiticant crop yield response was observed to be 

good in many of the regions (see standardized beta coefficients in Tables 4.5 - 4.8). Surpri singly, 

the coeffici ent estimate was stati stically insignificant for SNNP region. This implies that farmcrs 

in SNNP region were either appl ying chemical fe rtilizer to the smallest extent (the mean amount 

was of course 27.04 Kg) or not at all. The reason behind thi s was perhaps shortage of 
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transportation facilities whi ch provide fe rtili zer timely to the farm s, monetary inability to aiTo rd 

the cost of ferti lizer and unwi llingness to apply chemical fertili zer re lat ing to some unscientific 

justifications. 

Education had no stati sticall y significant contribution for the maximization o f crop yield at 

Tigray and Amhara regions. This was because fa rmers were almost illiterate (wi th average year 

of formal schooling less than three) in such a way that they could no longer be eas il y vo lunteers 

at least for the acceptance of modern agronomical inputs such as application of improved seeds 

and chemical fertilizer. This eventually led to minimum crop yield per hectare in the regions. 

From among those variables entered as dummy in the production functions, ex tension contact 

exerted stati sti cally significant and positive effects on crop yield in Tigray and SNNP reg ions 

while it exerted stati stically signifi cant and negative effect in Oromia region. The negati ve sign 

for ex tension contact implies that policymakers and the Ministry of Agri cu lture and Rura l 

Deve lopment should do their level best to mitigate ex tension's negative effect on crop 

productivity in Oromia region. Though not stati stically significant, the coeffi cient estimate for 

irrigati on variable at each of the studied regions except Oromia was negat ive. This non 

significance of thi s variable was perhaps related to proportions of peasants who used irrigation 

was small (see Table 4 .2) . Furthermore, the inappropriate application of water on the farm due to 

lack of good kno wledge might led to the negative sign for irrigation vari able. Crop damage, 

which may encompass vulnerability to droughts, flooding and crop viruses, was the basic 

problem which reduced crop productivity in each of the studied regions except Oromia. 

By far, crop and livestock production are intertwined in Ethiopian agriculture and hence it was 

impossible to get the values of each variab le incorporated in this research separately for the crop 

production. Thus, the data taken in the analysis were more aggregated. We therefore believe that 

thi s study opens a possible avenue forn.lrther investigation in the fie ld provided it is poss ible to 

get/ collect measurable data separately for crop fanning system. 
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5.2: Recommendations 

Based on the fi ndings in thi s thesis work, the fo llowing are recommended. 

I. By and large, formal education as we ll as farm trainings to the farmers should be pursued 

with more vigor, because, education brings about greater awareness on the part of the 

farmers and adoption of better production techniques and use of improved inputs, and 

thus brings about higher output. 

2. The most important factor explaining the crop yield in all of the regions except SNNP 

was farm size; as farm size increased, so did the crop yield. Since increasing farm size is 

difficult, use of irrigation as an alternative to produce crop is paramount in such a way 

that farmers can produce many times per year with the avai lable land. Moreove r, 

irrigation is probably thc most important factor which can guarantee sustainab lc 

productivity and output growth not only because it can reduce the vulnerabi lity of 

production to droughts, but also because it can enhance the effectiveness of fertili zer and 

improved seeds. As a result, the increase of irrigated areas to the maximum possible 

scale is mandatory. 

3. Crop damage was found to be one of the most crucial components, which led to thc 

minimum crop productivity. To decrease or possibly all eviate this problem, immcnse 

efforts should be made, such as introducing drought resistant seed varieties, effecti vc pre 

or post damage application of insecticides and pesticides and di sseminating information 

on va lid whether forecasts so that appropriate measures can be taken such as harvesting 

yields before crop damage occurred. 

4. Since productivity was found to increase wi th number of plowing oxen. po licymakers and 

the Ministry of Agricu lture and Rural Development should work at their level best lo r 

improving the provision of credit systems to the farmers so that the peasants are either 

able to increase their plowing oxen or purchase modern agricultural machineries such as 

tractor. Also, lower interest rate credit systems to the peasants are required so that farmers 

wi ll be able to purchase ferti lizer and improved seeds. 
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5. Since ex tension servIce was fo und to be one of the viable al ternati ves for the wIse 

application of factor inputs, the goverrunent should a llocate more funds to strengthen the 

extension department and expand network of extension services to reach each and every 

farmer. 
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ANNEX A: Correlation Matrices between the Response and Predictor Variables 

Pearson Correlation Coefficients, N = 1676 ror Tigray region Pearson Correlation Coefficients, N = 6157 for Anihara regioril~ .. , 

Prob' > Irl llnder HO: Rho=O Prob> Irlllnder HO: Rho=O 

Prod Edue Hsize Fen Weight Area Ox Prod Ox Arcah Fert Hsizc WI Ed uc 

Prod 1.0000 -0.0072 0.6282 0.3506 0.62073 0.7162 0.261 Prod 1.0000 0.2818 0.6235 0.3985 0.2616 0.307 0.0375 

0.7679 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.000 1 <.0001 0.0033 

Edue -0.0072 1.0000 0.0006 0.0371 -00008 0.00455 0.0226 Ox 0.2818 1.0000 0.4359 0.2652 0.2939 0.2077 0.0 171 

0.7679 0.9818 0.1289 0.9742 0.8524 0.3557 <.0001 <.0001 <.0001 <.000 1 <.0001 0.1 793 

Hsize 0.6282 0.0006 1.0000 0.3711 0.81083 0.88705 0.2669 Areah 0.6235 0.4359 1.0000 0.3752 0.3197 0.3748 0.0565 

<.0001 0.98 18 <.000 1 <0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <0001 

Fen 0.3506 0.0371 0.3711 1.0000 0.41087 0.42512 0.1255 Fen 0.3985 0.2652 0.3752 1.0000 0.1398 0.2815 0.0928 

<.0001 0.1289 <.0001 <.0001 <.0001 <.0001 <.000 1 <.000 1 <.0001 <.0001 <.0001 < 0001 

Weight 0.6207 -0.0008 0.8108 0.4109 1.0000 0.88697 0.2674 Hsize 0.2616 0.2939 0.3197 0.1398 1.0000 0. 1451 00336 

<.0001 0.9742 <.0001 <.0001 <.0001 <.0001 <.000 1 <.0001 <.0001 <.0001 <.0001 00085 

Area 0.7162 0.00455 0.88705 0.4251 0.88697 1.0000 0.2945 Wt 0.307 0.2077 0.3748 0.2815 0.1451 1.0000 0.0672 

<.0001 0.8524 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

Ox 0.2610 0.0226 0.2669 0.1 255 0.2674 0.2945 1.0000 Educ 0.0375 0.0171 0.0565 0.0928 0.0336 0.0672 1.0000 

<.0001 0.3557 <.0001 <.0001 <.0001 <.0001 0.0033 0.1793 <.0001 <. 0001 0.0085 <.0001 

5Note that numbers at the bottom of each value of the correlation coefficient indicate the probabi lity of rejecting the null hypothesis Rho=O 
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ANNEX A Continued . .. 

, . ~: .. .. .... " Pc-a-~son Corrclil"tioh Co:efficieilts, N~-637r r& Otc:;tf-ii:i iUgion ", - , ...... . p'earson Correlation Coefficients, N :::!: 808 ... 'for SNNP'''''egiou 
Prob> Ir1under HO:Rho=O 

~. 

Prob > Irl under 110; Rho,:O 
~~ 

Prdod Educ Hhsize Fert Weight Area Oxen PRR Edue Ox Area Weight Fert 

Prdod 1.0000 0.0473 0.2130 0.3129 0 .2538 0.4787 0.2574 Prdod 1.0000 0, 1043 0,1446 0 .1 352 0 .1 025 0,1316 0.3347 

0.0002 <.000 1 <.000 1 <.000 1 <.0001 <,000 1 <.0001 <,0001 <.0001 <,0001 <,0001 < 0001 

Educ 0.0473 1.0000 0.0924 0.0468 0.0335 0.0329 0.0448 Educ 0.1043 1.0000 0,0161 0.0421 ·0 .0431 0.0381 0 1448 

0 .0002 <.000 1 0.0002 0 .0074 0.0087 0.0003 <,0001 0.1485 0.0002 0 .0001 0,0006 <0001 

Hhsize 0.2130 0.0924 1.0000 0 .1657 0.1782 0.3066 0.2704 Ox 0.1446 0,0161 1.0000 0,0139 0.3053 0.3554 0.0812 

<,0001 <,0001 <,000 1 <,0001 <, 0001 <,0001 <,0001 0.1485 0.2093 <.0001 <,0001 < 0001 

Fert 0.3129 0.0468 0.1657 1.0000 0.5675 0.5014 0.3638 Area 0.1352 0.042 1 0.0139 1.0000 0,1917 0.1108 0 .1 267 

<.0001 0.0002 <.000 1 <,0001 <.0001 <.0001 <.0001 0.0002 0,2093 <.0001 <,0001 <.0001 

Weight 0.2538 0.0335 0.1 782 0.5675 1.0000 0.5792 0.3972 Weight 0.1025 -0 .0431 0.3053 0. 1917 1.0000 0.4813 0 .1384 

<,0001 0,0074 <.0001 <.0001 <.0001 <.0001 <.0001 0 .0001 <.000 1 <.0001 <,0001 <.0001 

Area 0.4787 0.0329 0.3066 0.5014 0.5792 1.0000 0.4792 Fen 0.1316 0.0381 0.3554 0.1108 0.4813 1.0000 0.1156 

<.0001 0.0087 <.0001 <,000 1 <.0001 <.0001 <.0001 0.0006 <,0001 <.000 1 <.0001 <.0001 

Oxen 0.2574 0.0448 0 .2704 0.3638 0.3972 0.4792 1.0000 I-Isize 0.3347 0.1448 0,0812 0,1267 0,1384 0.1156 1.0000 

<, 0001 0.0003 <.0001 <.0001 <,0001 <.0001 <.0001 <.0001 <,0001 <.000 1 <,0001 <.000 1 
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ANNEX B: OLS Regression Estimates 

TableBl : ANOYA and model summary for Tigray region crop production runction 

I Analysis of Variance 

Source DF Sum of Squares Mea n Sq uares F Va lu e Pr > F 

Model 10 630.87823 63.08782 230.21 <. 0001 

Error 1665 456.28226 0.27404 

Corrected Total 1675 1087.16048 

Root MSE 0. 5235 R-Squ a re = 0.58034 Durbin-Watso n D = 1.8 1 

Dependent Mean 2.59 16 Adj R-Sq = 0. 5778 

Coeff Va r 20. 1995 

Table B2: OLS regression estimates fo r Tigray region crop production fu nction 

95% Confidence 
D Parameter Standard Limits 

Variable Label • F Estimate Error Value Pr > It I 

In te rcept Intercept 0.7347 0.119 1 6.1 7 <.000 1 0.50 12 0 

E Log of Educat ion -0.02 54 0.0235 -1.08 0.279 1 -0.07 14 1.0065 

FER Log of Ferti lizer 0.0569 0.0 157 3.63 0.0003 0.0262 1.2746 

HS Log of fami ly Size 0. 1059 0.0307 3.46 0.0006 0.0459 4.5480 

W Log of seed weight 0.1253 0.0327 3.83 0.0001 0.0612 3.7491 

AR Log of crop area 1.5438 0.0973 15.86 <.0001 1.3528 6.87 14 

OX Log of oxen 0.1 4 15 0.05 13 2.76 0.0058 0.0409 1.0944 

EXT2 Extension= I 0.0615 0.0259 2 .37 0.0180 0.0106 1.0283 

IRRIGA2 I rrigation= I -0.001 3 0.0260 -0.05 0.9618 -0.0523 0.0498 

DAMAGE2 Oamage= 1 -0.0112 0.0272 -0.4 1 0.68 17 -0.0645 0.04 22 

OWNT2 Ownersh ie= I -0.0049 0.0279 -0.18 0.8610 -0.0596 0.0498 

TableB3 : ANOY A and model summary for Amhara region crop production function 

Source 

Model 

Error 
Corrected 
Total 
Root MSE 

Dependent 
Mea n 
Coe ff Var 

Analysis of Variance 

DF S um of Squares 
10 23 69.601 07 

6146 2348.75377 

6156 47 18.35484 

0.6 182 R-Square - 0.5022 

2.7963 Adj R-Sq = 0.50 14 

22. 1072 

Mea n Squ ares F Va lu e 
236.960 11 620.06 

0.382 16 

Durbin-Wa tson D - 1. 78 
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PI' > F 
<.0001 

VII' 

0 

1.0065 

1.2746 

4 .5480 

3.7491 

6.87 14 

1.0944 

I.On3 

1.0126 

1.0129 

1.0048 



Table B4: OLS regression estimates for Amhara region crop production function 

D Parameter Standard 95% Confidence 
Variable Label F Estimate Error Value Pr> It I Limits VIF 
Intercept Intercept I 1.0447 0.05 15 20.27 <. 0001 0.9437 0.0000 0.0000 

LED Log of Education -0.0194 0.0 171 -1. 13 0.2575 -0.0529 1.0184 1.0184 

LFER Log of ferti lizer 0.0602 0.0043 14.07 <.0001 0.0518 1.4677 1.4 677 

LHS Log of family size 0. 1402 0.0241 5.82 <.0001 0.0929 1.1608 1.1608 

LWT Log of s.ed 0.0726 0.0089 8.08 <.000 1 0.0549 1.4863 1.4863 

LAREA Log of area 1.2966 0.0278 46.72 <.0001 1.2422 1.8042 1.8041 

LOX Log of oxen 0.0025 0.0239 0.10 0.9176 -00444 1.2592 1.2592 

EXT2 Extension= I 0.03 15 0.0178 1.77 0.0770 -0.0034 0.0664 1.2676 

IRRIG2 irrigation== I -0.0129 0.0162 -0.80 0.4237 -0.0447 0.0188 1.0177 

DAM2 Crop damage~ I -0.0791 0.0393 -2.01 0.0443 -0.1561 -00021 1.0368 

OWN2 Ownership= I 0.0079 0.0 179 0.44 0.6575 -00273 0.0432 1.0084 

TablcBS: ANOVA and model summary for SNNP region crop production function 

l "? 

Analysis of Variance 

Source DF Sum of Squares Mean Sq uares F Value PI'> F 

Model 10 4046.12 165 404.61217 635.33 <.0001 

Erro r 8073 5141.25722 0.63685 

Corrected Total 8083 9187.37887 

Root MSE 0.7980 R-Square ~ 0.4404 Durbin-Watson D - 1.768 

Dependent Mean 2.9934 Adj R-Sq ~ 0.4397 

Coeff Var 26.6591 
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Table 86: OLS regression estimates for SNNP region crop production function 

D Parameter Standard 95% Confidence 
Variable Label F Estimate Error Value Pr> It I Limits VI. 
In tercept Intercept 1.0232 0.0654 15.66 <.000 1 0.8951 1.1 5 13 0.0000 

LEDUC Log of education 0.0679 0.0143 4.74 <.000 1 0.0398 0.0960 1.0461 

LHS Log of famil y size 0.8563 0.0263 32.53 <.0001 0.804 7 0.9079 1.0818 

LFERT Log of fertil izer 0.0194 0.0 129 1.50 0.1327 -0.00 59 0.0447 3.6629 

LWT Log of seed weight 0.0560 0.0130 4.30 <.000 1 0.0305 0.08 16 2. 1418 

LAREA Log of crop area 0.3395 0.026 1 12.99 <.0001 0.2883 0.3907 1.0983 

LOX Log of oxen 0. 1406 0.0256 5.49 <.0001 0.0904 0.1909 1.841 1 

ETEN2 Extcns ion= I 0.0079 0.0225 0.35 0.7228 -0.0362 0.052 1 1.0429 

IRRIG2 Irr i gation~ I 0.0344 0.0262 1.31 0.1890 -0.0169 0.0858 1.4689 

DAMAGE2 Crop damage~ I -00638 0.0288 -2.21 0.0268 -0. 1203 -0.0073 1.6827 

OWN2 Land ownershi p= I -0.0353 0.0275 - 1.28 0.2003 -0.0893 0.01871 1.4298 
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ANNEX C: The Normal Qunatile-Quantile Plots 
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Figu,"c Cl : The no rma l Q lI nal ile-Quantil e Figure C2: The normal QlI nalile-QlIanlilc 

p lot ofOLS regression fo r Tigray Region plot of OLS regress ion for Am hara Reg ion 

Figurc C3: The norma l QlIn atile-QlIantile Figure C4: The Norma l Q lI nat ile-QlI anlile 

plot ofOLS regression fo r Oromia Regio n plot of OLS regression fo r SNNP Region 
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ANNEX D: Graphs for Checking Linearity and Heteroscedasticity 
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Figure ))1: Graph of un standardized OLS Figure ))2: Graph of un standard ized 01.S residual s versus 

predicted val ues- Tigray region residual s versus predicted va lues- Amhara region 
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Figure ))3: Graph of un standa rdized O LS Figure ))4: Graph of un standardi zed 01.S residuals 

versus predicted values -Oromia region residuals versus predicted val ues- SNN P region 
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ANNEX E: Outlier Diagnostics Results 

Table El : Outlier diagnostics for Tigray region crop production function 

Standardized Standardized 

Observation Robust Residual Observation Robust Residual 
148 3.4814 770 3.8977 

177 -5.2942 773 3.504 

182 3.8747 825 4.019 

188 3.473 1 841 3.3 127 

25 1 4.4537 845 -3.0142 

285 4.1963 97 1 -3.5703 

3 19 3. 1189 977 3.0185 

368 -4 .184 1088 -3.0286 

372 -5 .201 3 1091 3.6029 

378 -4 .3555 1101 -4.0804 

57 1 -4.4555 1143 -3. 1399 

573 -4.1859 11 67 4. 1395 

59 1 3.3445 1181 3.45 12 

592 4.4 172 1182 4.2063 

598 4.798 1237 30 122 

600 3.6611 1268 -3.4659 

603 3.2652 1441 -6.926 

604 4.01 27 1454 3. 1335 

6 10 3. 1649 1457 3.79 19 

645 4.2885 1462 3.9105 

648 3.34 15 1479 4.5379 

650 3.3863 1486 -3. 1447 

70 1 3.4693 15 15 3.1568 

746 3.375 1 152 1 3.2396 

75 1 3.5776 1582 4.39 15 

769 3.5726 

Diagnostics summa,)' for Tigray region 
Observation Type Proportion Cutoff 

Outlier 0.0304 ± 3.0000 
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Table E2: Outl ier diagnostics for Amhara region crop production function 

Observation Standardized Standardized Standardized 
Robust Robust Robust 

Residual Observation Residual Observat ion Residual 
5 -3.7085 1488 3.36 14 1853 3.02 16 

33 -3.260 I 1499 4 .1 536 1998 -4.1825 

47 3.0775 1502 3.82 17 2000 -3. 182 

56 3.4341 15 13 -3.659 2039 3.0823 

6 1 -3.5992 1553 -3.3 147 2050 3.2758 

90 3. 1925 1569 -3.5 154 2060 3.2259 

93 3.4035 1570 -3 .5763 2069 3.5358 

95 3.20 18 1572 -3.2107 2070 3.0425 

96 3.0407 1583 -4.1895 2 148 3.2066 

135 -3.582 1 1594 3. 1797 22 19 -3.7 167 

147 -3.6 144 1598 3.0522 2233 -3.26 

172 -3.6666 1607 3.1795 2236 -4.7201 

225 4.0724 1624 -3.0035 2238 -3.891 

333 -3.5943 1631 -3.853 1 2240 -4.8239 

399 -4.378 1635 -3.5943 2266 -3 .5931 

458 -3.150 1 1636 -3.2227 2278 -3.43 92 

459 3.2685 1640 -3.4451 2299 3. J 335 

476 -4 .0449 1641 -3.731 1 230 1 3.284 7 

478 -3.082 1 1643 -3.3522 2447 -3. 1031 

490 -3.1955 1665 -3.061 5 2562 -3. 0314 

595 -3.514 1678 3.6959 2563 -4.2929 

6 15 -3.582 1 1679 3.7186 2564 -3.4993 

7 18 3.6 134 1684 -3.7359 2565 -4.4349 

8 11 -3.33 19 1699 -3.4537 2567 -4.1767 

888 3.230 1 17 14 -3.3423 2568 -3. 911 

893 3.4 195 1734 -4. 1319 2570 -5.2 123 

914 -3.7 183 1740 -4.528 1 2571 -4.2049 

950 -3.53 8 1742 -5. 1874 2572 -3.6059 

983 3.55 15 1744 -4.2858 2573 -5.6427 

1024 -3.205 1745 -4.5525 2575 -4.5158 

1056 4.09 17 1746 -30698 2576 -3.8892 

1163 -3.0846 1748 -3 .9099 2672 -3 .4518 

11 90 4.900 1 1749 -4.2482 2678 -3.3798 

1244 -3.4049 1768 3.0094 268 1 -3.4269 

1262 3.3 135 1803 3.3228 2767 3.4455 

1376 4.0 193 1824 3.4 148 2773 -3 .069 
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Table E2 Continued ... 

Observation Standardized Standardized Standardized 

Robust Residual Observation Robust Residual Observa tion Robnst Res id UM I 

2883 ·3. 1659 4268 -3.2018 5258 -3. 2291 

289 1 -3.7 137 4297 3.4532 5260 -4.148 7 

2896 -3.0026 4347 -3.673 5280 3.1 231 

2906 3.4776 4363 -3.5858 5293 3.23 05 

3033 -3.6 182 4369 -3.8375 53 39 3.3764 

3095 -3.6898 4380 -3. 1225 5395 -3 .5804 

3281 3.2425 45 15 -3.2239 5494 -3 .1766 

3374 3.4191 4545 -3.2574 5516 -3.33 16 

3377 -3.297 4596 -3. 1493 5673 3.0043 

3403 -3.3732 4603 -3.3 093 5680 -3.407 1 

3448 3.109 4606 3.9554 5698 -3.4422 

3449 3.0522 46 14 3.9 184 5773 -3.2852 

3455 3. 178 4626 -3.0 182 5774 -3 .4292 

3457 3.0029 4640 -3.477 57 81 -3.1 637 

3486 -3.5184 4744 -3.2733 5797 -3.4545 

3507 -3.5452 4834 -3.55 17 5800 -3 .401 2 

3632 -3.0539 4845 -3.3059 5806 -4.0074 

3657 -3 .4432 4846 -3.2479 58 16 -3.668 

366 1 -3.3482 4847 -3.2836 5873 -4. 5593 

3670 -3.4265 4848 -3.42 15 5874 -3.3878 

3904 -3.6 192 4849 -3 .1486 5896 -3.4457 

3906 -3.4567 4873 -3 .3 306 59 16 -3.4744 

3954 3.28 15 4950 -3.5075 5934 -3.5 691 

3956 3.3308 5200 -3.4323 5935 3.845 9 

4022 -3 .20 12 52 11 -3.4272 5939 -3. 501 3 

4 109 -3.7983 52 14 -3.0 142 6027 -3.0853 

4 120 -3 .9345 5250 -3.6039 6062 -3.333 1 

4121 -3.8648 525 1 -3. 1534 6080 -3.1504 

4 147 -3.0744 6119 -3.3536 

4220 -3.7603 61 54 -3.6519 

Diagnostics summary for Amhara region 

Observation Type Proportion Cutoff 

Outlier 0.03 18 ± 3.0000 
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Table E3: Outlier diagnost ics for Oromia region crop production function 

" 
Standardized 

Standardized Standard ized Robust 
Observation Robust Residual Observation Robust Residual Observation Residual 

600 3 04 18 2023 -3,73 69 ! 4853 -3.3 476 

605 3,0028 203 1 -3 .1624 4856 -4.0031 

666 -3.6281 2065 3,1 303 4864 -3. 133 1 

724 3.1568 2 104 3.2082 5068 -3.53 18 

884 -3,7667 2867 -4 ,27 16 5149 -3. 533 9 

930 -3,8693 2886 -3,0929 5159 -3.200 7 

948 -3.33 29 2948 -3 .573 3 5284 3.1 252 

950 -3,002 1 2953 -3.3461 5425 -3,5036 

II 07 -3 .5465 2994 -3 .11 77 5428 -3. 3534 

1110 -3 .62 11 2996 -3.7 13 543 1 -4, 0576 

11 13 -4,3 054 3005 -6 ,492 1 5439 -3.1 388 

11 2 1 -3.3866 3009 -3,5284 
P 

5643 -3.5 1 18 

11 79 -3, 1723 3010 -4.0926 5724 -3, 5627 

1325 -3 .73 67 3072 -3,4 78 1 573 4 -3 ,2007 

1362 -3.1 38 1 3074 -3.708 3 5848 -4 ,0 I 09 

1406 -3,8018 3076 3,0743 5859 3.1 053 

14 16 -3.2007 3077 -3,8047 6075 3.0222 

154 1 3.0265 3664 3.11 99 

1756 -4,2336 3858 -3 ,5 11 8 

177 1 -3.9409 3934 -3.3816 

1776 -3 .8249 3936 -3 .022 1 

1785 -3. 1395 4093 -3,4837 

1924 -3,9803 4096 -3 .333 4 

1928 -4 .5375 4099 -4,0376 

1938 -3,4943 4107 -3,1189 

20 10 -3,9478 4567 3. 1448 

20 13 -3.147 1 4579 -3,2746 

2022 -4.03 72 4850 -3,4549 

Diagnostics summary for Oromia region 
Observation Type Proportion Cutoff 

Outl ier 0,011 5 ± 3,0000 
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Table E4: Outlier diagnostics for SNNP region crop production function 

Standardized Standardized Standard ized 

Observation Robust Residual Observation Robust Residual Observation Robust Residual 

14 -3.4374 446 -4.0479 1164 -3.3835 

38 -3.235 447 -3.138 1 12 12 -3.469 

52 -3.6 166 448 -3.5872 12 16 -3.3 835 

7 1 -30068 55 1 -3.2773 124 0 -3 .1285 

74 -3.466 1 556 -3.2969 125 0 -3.57 19 

11 2 -3.6534 561 -3 .7947 1276 -3.5104 

11 6 -4.4892 572 -3.42 18 1282 -3.6152 

118 -3.4589 60 1 -3.3835 13 50 -3.5869 

121 -3.2605 6 16 -3.6257 1360 -3.381 I 

122 -3.2685 646 -3.4442 1449 -30 I 08 

123 -3.2863 677 -3.4 10 1 1564 -3.8204 

124 -3.4607 713 -3.26 1565 -3.2452 

126 -4.1084 72 1 -3.4555 1573 -3.6254 

128 -3.4683 788 -3.2747 1576 -3 .7472 

135 -3.1309 792 -3.0046 1729 -3.9316 

152 -3.5096 834 -3.4352 1740 -4. 172 1 

167 -3.629 839 -3.0482 1760 -3.2 164 

168 -3.0808 882 -3.3179 1777 -4.3 909 

179 -3.548 983 -3.780 I 1779 -3.55-l 

184 -3 .3639 986 -5.4083 187 1 -3.8035 

185 -3.5535 989 -3.6615 1874 -3 041 2 

264 -3.7538 995 -3. 1704 1893 -4 .220 I 

297 -3.4243 1009 -3.3742 1898 -3.0596 

341 -3.0702 1031 -4.4457 1928 -3.2041 

345 -3.7559 1054 -3.8072 1954 -3.8626 

382 -3.237 1 1068 -3.0008 1961 -3.4435 

428 -3. 11 33 107 1 -3.1576 1962 -3.4323 

429 -3 .1106 113 1 -3.2537 1967 -3.2829 

435 -30587 11 32 -3.4233 1978 -4 .0803 

445 -3.4 155 1161 -3.7784 2008 -3.2006 
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Table E4 Continued .. . 

" 

Standardized Standardized Standardized 
Observation Robust Residual Observation Robust Residual Observation Robust Res idual 

2078 -4.0232 3125 -3.4977 4018 -3.2767 

2 107 -3.0255 3 126 -3.1403 4025 -3 .0051 

2 147 -3.196 3 127 -3.301 4026 -3.0566 

2 157 -3.4 177 3 130 -3.349 4027 -3.7518 

2230 -3.3356 3131 -3.3826 4029 -3.8708 

2266 -3.4 164 3132 -3.2882 4030 -3.8708 

2295 -3.353 3 133 -3.165 4034 -3. 7974 

2326 -3.4892 3 136 -3.2224 4035 -3.47 1 

2332 -3.4073 3196 -3.2726 4038 -3.4321 

2342 -3.4435 3197 -3.2464 4052 -3. 1425 

2349 -3. 1684 3198 -3 .3226 4098 -3.1844 

2363 -3.5844 3 199 -3.426 4121 -3.4 177 

2429 -3. 1294 3200 -4 .2579 4124 -3.439 

2445 -3.857 3207 -3.173 41 26 -3.5063 

2522 -3.3664 3209 -3.3174 4130 -3.2832 

2527 -3. 11 46 3222 -4.2799 4146 -3.034 

2887 -3.0503 3225 -3.3233 4151 -3.4 192 

2917 -3.026 3230 -3 .3457 4337 -3.4607 

2920 -3.3042 3236 -3.426 4355 -3.9264 

2953 -3.4076 3248 -3.3 181 4356 -3 .4442 

2964 -3.0875 3274 -3.11 16 4480 -3.0194 

2985 -3.2432 3596 -3.4 192 4722 -3.0061 

2988 -3.5949 3642 -3.3946 4771 -4. 3 105 

3063 -3.5226 3643 -3.4595 4805 -3. 142 1 

3072 -3.0754 3803 -3.1449 4911 -3.7273 

3 104 -3.433 3820 -3.0295 4946 -3 01 2 1 

3 105 -3.3226 3864 -3.0546 4948 -3.8543 

3 106 -3.3304 3908 -3.4323 4956 -3.5156 

3107 -3.388 3939 -3 .7 198 5014 -3. 3533 

3 124 -3.4607 3997 -3.4535 5041 -4 .1704 
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Table E4 Continued .. . 

Standardized Standardized 
Observation Robust Residual Observation Robust Residual 

5052 -3.6307 5947 -3.6534 

5057 -3.4 122 595 1 -4 .5664 

5062 -3 .2947 5953 -3.536 1 

5073 -4 . 1661 5956 -3. 1833 

5074 -3.7004 5957 -3.3835 

5075 -3 .1978 5958 -3.40 13 

5076 -3.2511 5959 -3 .3835 

5078 -3.2453 596 1 -4. 1084 

5079 -3 .4128 5963 -3.4683 

5082 -3 .0712 5970 -3. 1309 

5086 -3.5839 5987 -3 .5 096 

5099 -3.2924 6002 -3.7439 

5 11 7 -3. 19 1 6003 -3. 158 1 

5 135 -3.54 1 6014 -3.548 

5137 -3.9309 6019 -3.3639 

5138 -3.172 6020 -3.553 5 

5 140 -3.5 188 6090 -3 .2371 

5146 -3.355 1 6 136 -3. 1906 

5148 -3.5333 6137 -3.2256 

5192 -3.2497 6143 -3.1359 

5306 -3.4506 6153 -3.4927 

5575 -30598 6154 -4.0479 

5727 -3.1311 6 155 -3.2153 

5824 -3.241 6156 -3 .5 1 

585 1 -3.5 146 6259 -3.3546 

5875 -3.235 6264 -3.2969 

5889 -3.6166 6269 -3.7947 

5908 -3.0068 6280 -3.499 

59 10 -3.3419 

Diagnostics summary for SNNl) region 

Observation Type Proportion Cutoff 

Outlier 0.0293 ± 3.0000 
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ANNEX F: MGQ Tes t Resu lts 

Table Fl.l: Esti mation resu lts fo r MGQ test (smaller group) in Tigray region 

r Analysis of Variance j , 

Source OF Sum of Squares Mean Squares F Value Pr > F 

Model 10 260,37165 26.03717 11 2, 17 <,0001 

Error 703 163.17940 0,232 12 

C orrected Tota l 7 13 423.55 105 

Root MSE 0.48 179 R-Squ a re ~ 0,6147 

Dependent 2.08806 Adj R-Sq ~ 0.6093 

Mean 
CoeffVar 23,07347 

Parameter Standard 

stirnate > It I 

Intercept Intercept -0.54452 0.0026 

E Log of Education -0,00052 0.03346 -0.02 0,9876 

FER Log of Fertilizer 0.06962 0.02372 2,94 0.0034 

HS Log of Household Size 0.43978 0. 13866 3.17 0.0016 

W Log of seed we ight 0. 1391 0 0.04026 3.46 0.0006 

AR Log of area in hectares 2.29848 0. 14932 15 .3 9 <.0001 

OX Log of plowing oxen 0.24091 0.07260 3.32 0.00 10 

EXTZ Extension= 1 0.03877 0,03732 1.04 0.2992 

IRRI G A2 Irrigat ion= 1 -0,008 13 0,03662 -0.22 0,8245 

DAM2 Crop damage= I 0,0 16 18 0.03757 0.43 0,6667 

OWN2 Land ownership= I 0.02957 0.039 11 0 ,76 04499 

Table F1.2: Estimation results for MGQ test (larger group) in Tigray region 

Ana lys is of Varia nce 

Source OF Sum of Squares Mean Square F Va lue PI' > F 

Model 10 98,0592 1 9 80592 <.000 1 

Error 726 79,6 1423 0 , I 0966 

Corrected Total 736 177.67344 

Root MSE 0,33 11 5 R-Square - 0,5519 

Dependent Mean 3,06887 Adj R-Sq ~ 0.5457 

CoeFF Var 10,79067 
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[ variable 

, ;;; 

St.~dard Para meter 

Label DF Estimate Error t Value Pr > It I 
! 

Intercept Intercept 2.03252 0. 14876 13.66 <.000 1 

E Log of Education -0.025 10 0.02219 -1.1 3 0.2585 

FER Log of Fertilizer 0.01404 0.01453 0.97 0 .3343 

HS Log of Household Size -0.29971 0.07 105 -4.22 <.0001 

W Log of seed weight -0.02641 0.0377 5 -0.70 0.4844 

AR Log of area in hectares 1.4824 1 0.09047 16 .39 <.0001 

OX Log of plowing oxen 0.12939 0.04892 2.65 0.0083 

EXT2 Extension= I 0.02523 0.02474 1.02 0.3082 

IRRIGA2 Irr igation= I -0.03172 0.02505 -1. 27 0.2058 

OAM2 Crop dal11age~ I 0.01531 0.02668 0.57 0.5663 

OWN2 Land ownership= 1 0.00 170 0.02656 0.06 0.9489 

Table F2.1: Estimation resul ts for MGQ test (smaller group) in Amhara region 

• , 
Analysis of Variance 

Source OF Sum of Squares Mean Sq uare F Va lu e Pr > F 

Model 10 1001.34978 100.13498 244.88 <.000 1 

Error 2888 11 80.923 17 0.4089 1 

Corrected Total 2898 2 182.27296 

Root MSE 0.63946 R-Square ~ 0.4589 

Dependent Mean 2.70604 Adj R-Sq ~ 0.4 570 

CoeffVar 23.6308 

Variable Label OF Parameter Standard t Value Pr > It I 

Estimate Error 

Intercept Intercept 0.87866 0.08 154 10.78 <.000 1 

LEO Log of Educat ion -0.03367 0.0243 5 -1.38 0.1668 

LFER Log of ferti lizer in Kg 0.028 15 0. 0070 I 4.01 <.0001 

LHS Log offam ily size 0.1247 1 0.0378 1 3.30 0.0010 

LWT Log of seed we ight in Kg 0. 11 096 0.01458 7.61 <.000 1 

LAREA Log of area in hectare 1.30614 0.041 27 3 1.65 <.0001 

LOX Log ofpJowing oxen 0.08318 0.04074 2.04 0.041 2 

EXT2 Extension= I 0.00896 0.02593 0.35 0. 72 97 

IRRIG2 IITigation= I 0.00147 0.02399 0.06 0.95 11 

OAM2 Crop damage= I -0.00847 0 .027 10 -0.3 1 0.7545 

OWN2 Land ownership= 1 -0.024 35 0.0273 6 -0.89 0. 3735 
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Table F2.2 : Estimation results for MGQ test (larger group) in Amhara region 

• Analysis of Varia nce 

Source OF Sum of Squares Mea n Square F Va lu e Pr > F 

Model 10 725.91862 72.59 186 349.82 <.0001 

Error 285 1 591.60997 0.20751 

Corrected 286 1 13 17.52859 
Tota l 
Root MSE 0.45553 R-Square ~ 0.55 10 

Dependent 3.08039 Adj R-Sq ~ 0. 5490 
Mea n 
Coeff Var 14 .78814 

Parameter Standard 

Variable Label DE Estimate Error > It I 
Intercept Intercept 2.081 13 0.08532 <.000 1 

LED Log of Education 0.0158 1 0.01836 0.86 0.3890 

LFER Log of fertili zer in Kg 0.05874 0.00439 13.3 9 <.0001 

LI-IS Log of family size 0.07 169 0.02771 2.59 0.0097 

LWT Log o f seed weight in Kg -0.01910 0.0 I 029 -1.86 0.0635 

LAREA Log of area in hectare 1.19082 0.02871 41.48 <.0001 

LOX Log of pl owing oxen -0.32176 0.05953 -5 .40 <.000 1 

EXT2 Extension.::: I 0.00358 0.01919 0.19 0.8520 

IRRI G2 Irri gat i on~ I -0.00751 0.01760 -0.43 0.6697 

DAM2 Crop damage= I -0.022 14 0.01783 -1.24 0.2 143 

OWN2 Land ownersh i p~ I -0.00337 0.0 195 5 -0.17 0.8630 

Table F3.1: Es timation results for MGQ test (smaller group) in Oromia region 

Analysis of Variance 

So urce OF Sum of Squa res Mean Square F Value PI' > F 

Model 10 78 1.25373 78. 12537 224.02 <.0001 

Error 2955 1030.559 18 0.34875 

Cor rected Tota l 2965 18 11 .8 129 1 

Root MSE 0.59055 R-Square ~ 0.43 12 
Dependent 3. 1021 2 
Mea n Adj R-Sq ~ 0.4293 

Coeff Var 19.03698 
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Variable Label DF Parameter Standard t Va lue Pr > It I 

Estimate Error 
Intercept Intercept 2.58497 0.09460 27.33 <.0001 

LEDUC Log of education 0.0 1422 0.0 I 564 0.91 0.3634 

LHS Log of household size 0.0877 1 0.03534 2.48 0.0131 

LFERT Log offertilizer 0.0 1964 0.01 568 1.25 0 .2 104 

LWT Log of seed weight -0 .203 17 0.0 1590 - 12.78 <.0001 

LAREA Log of area in hectare 1.32506 0.03977 33.32 <.0001 

LOX Log of plowing oxen -0.00224 0.04803 -0 .05 0.9628 

EXT2 Extension= I -0.09829 0.0263 1 -3.74 0.0002 

IRRlG2 Irrigation= 1 -0.00007 0.02462 -0.00 0. 9978 

DAM2 Crop damage~ I 0.02 11 7 0.0250 I 0.85 0.3973 

OWN2 Land ownersh ip= 1 0.01163 0.02611 0.45 0.6560 

Table F3.2: Estimation results for MGQ test (larger group) in Oromia region 

I Anall::sis of Variance 1 

Source DF S um of Squares Mean Square F Value PI' > F 

Model 10 353.20472 35 .32047 203.94 <.0001 

Error 296 1 5 12.8 1426 0. 173 19 

Corrected Total 2971 866.01898 

Root MSE OAI616 R-Square ~ OA 078 
Dependent 3.48920 
Mean Adj R-Sq ~ 0.4058 

CoeffVar 11.927 1 

Parameter Standard 

Variable Label DF 
Estimate E rror 

Value Pr> t 
Intercept Intercept 1.73712 0.10282 16.89 <.000 1 

LEDUC Log of education -000046 0.0 1034 -0 .04 0.9646 

LHS Log of household size 0.05061 0.02217 2.2 8 0 .0225 

LFERT Log offerti lizer 0.15957 0.01837 8.69 <.0001 

LWT Log of seed weight -0.02598 0.0 1296 -2 .00 0.0451 

LAREA Log of area in heclare 0.72750 0.02574 28.26 <.000 1 

LOX Log of plowing oxen 0.09953 0.0283 1 3.52 0.0004 

EXT2 Extension= I -0.09686 0.0 1607 -6.03 <.0001 

IRRlG2 Irrigation= 1 -001158 0.016 13 -0.72 0.4 729 

DAM2 Crop damage= I -0.01 2 11 0.01 573 -0. 77 0.4414 

OWN2 Land ownership~ I -0.02351 0.01 727 -1.36 0.1734 
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Table F4.1: Estimation results for MGQ test (smaller group) in SNNP region 

Analysis of Variance 

So urce OF Sum of Squ ares Mean Square F Val ue 

Model 10 187 1.77494 187.17749 334 .58 

Error 3698 2068 .80388 0.55944 

Corrected Tota l 3708 3940.57882 

Root MSE 0.74796 R·Square - 0.4750 

Dependent Mean 2.72824 Adj R-Sq ~ 0.4736 

CoeffVar 27.4 1548 

Variable Label OF Parameter Standard t Value 

Estimate Error 

Intercept Intercept 0.67277 0.10703 6.29 

LEDUC Log of education 0. 12 141 0.02043 5. 94 

LHS Log of fa mily size 1.07481 0.06110 17.5 9 

LFERT Log of fertilizer in Kg 0.0 1270 0.0 1882 0.68 

LWT Log of seed we ight 0.00487 0.02002 0.24 

LA REA Log of area in hectare 0 .86 194 0.04756 18.12 

LOX Log of plowing oxen -0.0223 1 0.04174 -0.53 

EXT2 Extension= 1 0.05733 0.03182 1.80 

IRRIG2 Irrigation= l 0.00403 0.03589 0 .1 1 

DAM2 Crop damage~ I -0.03823 0.0393 7 -0.97 

OWN2 Land ownership= I ·0.0092 1 0.0395 1 -0 .23 

Table F4.2: Estimation results for MGQ test (l arger group) in SNNP region 

f Analysis of Variance . . 
Source OF Sum of Squares Mea n Sqmlrc F Va llie 

Model 10 9 10.04095 91.00409 257.29 

Error 3578 1265.55438 0.35370 

Corrected Total 3588 2 175.59533 

Root MSE 0.59473 R-Square ~ 0.418 3 

Dependent 3.45784 Adj R-Sq ~ 0.4 167 
Mea n 
Coeff Var 17. 19946 
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Pr > F 

<.0001 

rr > It I 

<.0001 

<.0001 

<.0001 

0.4 996 

0.8077 

<.0001 

0. 593 1 

0.07 16 

0.9 106 

0.33 15 

0.81 56 

rr > F 

<.0001 



Variable Label OF Parameter Standard t Value Pr > It I 

Estimate Error 
Intercept Intercept 2.75439 0.13880 19.84 <.0001 

LEDUC Log of education 0.02877 0.01658 1.74 0 .0827 

LHS Log of family size 0. 22 172 0.06509 3.4 J 0.0007 

LFERT Log of fertilize r in Kg -0.00111 0.01473 -0.08 0.9399 

LWT Log of seed weight -0.03303 0 .01403 -236 0.0 186 

LAREA Log of area in hectare 0.4223 1 0.03 13 1 13.49 <.000 1 

LOX Log o f plowing oxen 0.2 124 8 0.02707 7. 85 <.0001 

EXT2 Extension= I -0.00083 0.02619 -0.03 0 .9747 

IRRIG2 I rrigation= I -0.06877 0.03240 -2. 12 0.0338 

DAM2 Crop damage= I -0.04474 0.03532 - 1.27 0.2053 

OWN2 Land ownership= I -0.045 66 0.03099 - 1.4 7 0.1408 
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ANNEX G: Gn1 llhs for Checking Linearity and Hcteroscedasticity after Robust Regression 
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FigurcGl; Graph of ullstandardized robust residuals Figure G2: Graph of un standardi zed robust residual s versus 
predicted values for Tigray region versus pred icted va lues for Amhara region 
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Figure G3: Graph of un standardized robust Figure G4: Graph of unstandardized robust res idual s versus 

predicted va lues-Oromia region resid ual s versus pred icted va lues-SNNP region 
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ANNEX H: The Normal Qunatile-Quantile Plots after Robust Regression 
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Figure HI: The norma l Q-Q plot of robust Figure H2: The normal Q-Q plot of robust 

regression for T igray region regress ion for Amhara region 
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Figure H3: T he normal Q-Q plot of robust Figure H4: The norma l Q-Q plot or rob ust 

regress ion for Oromia region regress ion for SNN P region 

87 



DECLARATION 

I, the undersigned, declare that the thesis is my original work, has not been presented ror degrees 

in any other uni versity and all sources of materi al used for the thesis havc been dul y 

acknowledged. 

Name: Taddesse Kassahun 

Signature: _______ ~L_ ___ ~--~~~----~-------------------------------
Place: Faculty of Science, Addis Ababa University 

Date: __ ~o~b~/~o:...!.t_.!./~a.-_ifV_C.L) ___________ _ 

This thes is has been submitted for examination with my approval as a uni vers ity advisor. 

c 

Fentaw Abegaz (Ph.D.) 

l 
88 


