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ABSTRACT 

This study applied production function analysis for private peasant holdings crop farms in 

Ethiopia. Four major crop producing regions viz. , Tigray, Amhara, Oromia and SNNP were 

included in the study. Three regression models for production function namely, linear, 

exponential and Cobb Douglas were considered and thoroughly assessed {'or stati stical model 

diagnostics. The statistical model diagnostics and checking suggested that crop production 

function for each of the regions was fo und to be appropriately represented by the Cobb-Douglas 

production function based on data from the 2007/08 (2000 EC) agricultural sample survey. The 

Cobb-Douglas production function was first fitted for each region using ordinary least squares 

(OLS) regression. As expected, the parameter estimates using OLS were mi sleading due to the 

occurrence of several outlying cases and hence robust regression was taken as a viable 

alternative. Based on the results of robust regression, many of the parameter est imates took on 

the expected signs, the R2 values were substantially increased and the standard errors of 

parameter estimates were decreased at large. 

In general , robust regression results indicated that farm size, fe rtili zer, seed, oxen power and 

human labor were playing a pivotal role for the maximization of crop yield in each of the studied 

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

each of the regions with SNNP an exception in which the great share was due to human labor. 

However, the contribution of education variable for crop yie ld was found to be stati sti ca ll y 

insignificant and received negative sign in Tigray and Amhara regions. Counter to expectations, 

the coefficient estimate for irrigation variable in Tigray, Amhara and SNNP regions had come to 

obtain negative sign though it was not found to be stati stically significant. The product ion 

elasticities for each of the inputs at each region except farm size in Tigray, Amhara and Oromia 

suggested that the relation between inputs and output was inelastic, i.e., ho lding other {actors 

constant, the marginal return to each factor wi ll decrease as more of the factors are used. 

Additionally, crop production functions revealed that returns to scale were estimated to be greater 

than unity in each of the regions indicating increasing returns to scale. 
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CHAPTER ONE 

1. INTRODUCTION 

1.1 Background 

Agriculture in Ethiopia is the leading activity of the nation and hence the country's cconomy is 

predominantly agrarian. It has on average accounted for about 50% of the overall GDP, generates 

90% of export earnings and supplies about 70% of the country ' s raw materi al to the secondary 

activities (MOFED, 2007). The major food crops are produced in almost a ll regions o r the 

country in spite of the variation in volume of production across the regions. To thi s end, main 

season ('Meher' season, i.e. , September to December) production of majo r crops by private 

peasant holdings accounted on average for over 90% of total output of major crops and 93% of 

cultivated area in any one year (MOFED, 2007). 

Ethiopia grows large varieties of crops, which include cereals Cteft', corn , wheat, barley, 

sorghum, millet, oats, etc.) ; pulses (horse beans, chick-peas, haricot beans, lic ld peas, Icntil s, 

soybean, and vetch); oilseeds (linseed, fenugreek, ' noug ', rapeseed, sunJlowcr, castor bean, 

groundnuts, etc .); stimulants (coffee , tea, ' chat' , tobacco, etc.); fibers (cotton, sisal, fl ax, etc.); 

fruits (banana, orange, grape, papaya, lemon, ' menderin ', apple, pineapple, mango, avocado, 

etc.); vegetables (onion, tomato, carrot, cabbage, etc.); root and tuber (po tato , 'enset', swec t­

potatoes, beets, yams, etc.) and sugarcane. Accord ing to the 2007/08 (2000 EC) an nual crop 

production forecast survey, which was conducted by Central Statistica l Agency (CSi\) of 

Ethiopia, a total area of about I I mi ll ion hectares were covered by grain crops, i.e., cereals, 

pulses and oil seeds, from which a tota l of about 164.5 I million quintals of grains were expected 

to be produced, from private peasant holdings. 

Ethiopia has great agricultural potential because of its vast areas of fertile land, diverse climate, 

generally adequate rainfall , and large labor pool. Despite this potential, however, agriculture in 

Ethiopia has remained underdeveloped because it is plagued by period ic drought; soi l 
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degradation (which is caused by overgrazing, deforestation and high population clcnsity) 1 and a 

poor economic base (low productivity, low land management, weak infrastructure and low leve l 

of technology). The existing backward and traditional farm tool s and very limited Lise of modern 

farm inputs together with dominating rai n fed agriculture, (where the performance of the sec tor is 

highly dependent on the timely onset, duration, amount and di stribution of rainfal l) ha vc 

contributed a lot for the existing subsistence / hand to mouth / fanning system. 

In a country with dominating agrarian economy like Ethiopia, due attentions, (including 

extensive research works) have to be given for increas ing the performancc of agriculture, in 

terms of total vo lume of production in order to secure domestic food avai lability for its 

population. To this verity, the government of Ethiopia has been devising and implementing 

various economy wide and sectoral policies and strategies. During the last one and hal f decade, 

the government has identified agriculture as a priority sector for development , and hence, de vised 

the Agriculture Development Led Industrialization (ADLI) strategy. i n order to realize the 

millennium development goals, agricultural extension services were expanded and suppli cs and 

applications of modern inputs increased leading to some improvements of aggregate production 

particularly of cereals, pulses, and oi l seeds (UNESC, 2007). 

1.2: Crop Characteristics of Ethiopia 

Ethiopia grows a large vari ety of crops in which grains are the most important fi e ld crops and 

being the chief element in the diet of 1110st Ethiopians. The principal gra in crops are tetT, wheat, 

barley, which are primarily coo l-weather crops; and corn, sorghum, and millet wh ich are warm 

weather grain crops. Teff is the most preferred crop grown in the coo ler highlands, whil e 

sorghum is the principal lowland crop because it thrives well in semi-arid environments due to its 

hardy and drought resistant properties. 

1 Wikipedia: the free encyc lopedi a, last mod ifi ed on 5 March 2009 at 03: 09pm, Wikimedia Foundation 

Inc . encyclopedi a on- line, ava ilab le from !illQ://en.wikigcdia.org/wiki/Ecollolll)--.o[ EthioRia . Inlernel 

retrieved 06 March 2009. 

2 



Cool Weather Cereal Crops : Terr, Wheat and Barley 

Teff, wheat, and barley are cool weather crops grown predominantly in thc Ethiopian hi gh lands 

at optimum altitude range of 1800 to 2200 meters. Teff, indigenous to Ethiopia, forms the staple 

diet of many Ethiopians and it furni shes the flour to make ' injera', unleavened bread that is 

consumed in the highlands and in urban centers throughout the country. Te ll is, however, a very 

delicate and fragi le crop that requires a lot of work and care, and it has one o f the lowest yields or 

the cerea l crops. Wheat is grown pri maril y as a rainfed crop by sma llho lders in the hi ghlands of 

Ethi op ia . In most parts of the country, wheat crop is grown during the longe r rainy season 

(meher) , which usual ly starts in June than the short rains season (bel g), starting in March. Whea t 

is cultivated on more than 980,000 ha and its total production in 2008 was 23. 1million quintal s, 

which amounted about 14.36% of the gra in production (CSA, 2008). Barl ey, another major 

subsistence crop, grown mostly between 2,000 and 3,5 00 meters is one of the most important 

~tapl e food crops in the highlands of Ethiopia. Currently, barley grain is used for the preparation 

of different foodstuffs, such as ' injera ', porridge, ' ko lo', and local drinks, such as ' tela', ' bo rde' , 

and beer. Barley is cropped twice a year. The major barley producing regions are Orol11i ya, 

Amhara, Tigray, and SNNP. 

Warm Weather Cereal Crops: Corn, Sorghum and Millet 

Common warm weather cereal crops in Ethiopia are corn, sorghum, and millet, where they are 

culti vated mostly at lower altitudes a long the country's western, south western, and eastern 

peripheries. These three grains are the staple food s for a large part of the population and are 

major items in the diet for pastoralists. Sorghum and millet are drought res istant and grow we ll at 

low elevations where rainfall is less reliable. Sorghum is particularly important in northern 

Ethiopia, including in the highland areas of western Tigray. Corn is grown chiefl y between 

elevations of 1500 and 2200 meters and requires large amounts of rainfa ll to ensure good 

harvests. Corn is particularl y important in southwest Ethiopia, with the Oromi ya Region 

producing the largest amount of corn. 
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Pulses 

Pulses are the second most important element in the national diet, providing principal protein 

source and important dietary supplement to cereal consumption. Though pluses are widely grown 

in the highlands, they are more common in northern Ethiopia. Pulses recentl y have regained 

significance as export commodities. 

Cash Crops 

Coffee and chat are Ethiopia's major cash crops, with coffee cultiva tion in direct compet iti on 

with chat, the second major agricultural export. Domestically, chat is a major source of revenue 

in the southeastern areas of Ethiopia. Coffee grows best at altitudes between 1000 and 2000 

meters and it grows wild in many patis of Ethiopia, although most Ethi opian coffee is produccd 

in the southern and western regions ofSNNP, Oromia and Harrari . 

1.3: Statement of the Problem 

The sound performance of agriculture warrants the availabil ity of food crops. The principal role 

that agriculture plays in Ethiopia's political , economic and social stability makes measures of 

agricu ltural productions extremely sensitive. Agriculture in Ethiopia is characte ri zed by its low 

productivity. The reason for thi s is the use of limited modern agri cultural techniques and 

traditional practices as we ll as the declining soil fertility due to continuous cropping. Among 

traditional practices used to increase the crop productivity, the most widely used practice has 

been and still maintaining is so il fertility through long fa llow periods and the use of dung and 

crop res idue. These graduall y become impossible due to the prevailing rapid and uncontroll ed 

population growth, which led to the reduction of the fallow lands and fuel wood defici t in the 

country. The other practice to increase crop production was based on expanding cult ivable 

cropland. However, this scheme has been in practice for a long time and as a result of hi gh 

population growth in the country most of the highlands suitable for cropping have already been 

exhausted. 
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Therefore, the only reali stic option to raise the living standards of the rural population, to ensure 

food security and poverty alleviation is to focus on methods of increasing productivity or land 

and other resources wh ile conserving those which are over-utilized. 

Fanners in Ethiopia are faced with key deci sions on how best to produce crops and how much to 

produce, given their limited resources. The problems of low crop production include 

unavailability of enough crop land, the use of traditional agri cul tural technology (such as 

inappropriate application of chemicals and ferti li zer amount) and poor di stribution of othcr 

agricultmal inputs. In connection with thi s, a study conducted by Addis et.a!. (200 I) revealed that 

the main crop production problems in some selected woredas of the central highlands of Eth iopia 

were the lack of land, shortage of family household labor, high price of inputs, lack of loans from 

formal and informal sources, poor access to markets, shortage of appropriate storage faciliti es, 

and lack of extension services. 

In view of the above issues, it is extremely imperative to deal with optimal production of crops. 

In general, several studies in the literature have employed production function analyses for the 

sake of handling problems of optimal production. A production function re lates a single output y 

to a series of factors of production X I, X2, .. . , Xn . In particular, crop production function relates 

the amount of crop yield per household to factors of production such as area of crop land, labour 

force participation, amount of fertilizer employed, amount of seed applied and amount of water 

applied. 

In agricultural production function analysis, the marginal product forthcoming from a decision to 

increase or decrease a factor level depends on the available quantities of the other f~lct ors; c.g., 

the add itional product yielded by an add itional unit of fertili zer applied depends greatl y upon the 

quantities of land, labor etc., combined with it. That is, one expects production inputs to be 

technicall y interdependent; specificall y, for normal inputs it is expected that an increase in an 

input level increases the marginal and average productivities of other inputs in the producti on 

process. In such cases, regression parameter estimation should address the problcm of 

coll inearity so that better trustworthy estimates of the parameters will be obtained. 

Exceptionally low or high crop yie lds are ordinary in many crop production schemes. 

Additionally, there may happen to observe extreme va lues from among facto rs of crop 
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production such as crop area, amount of fe rti lizer applied and number of plowing oxen in any 

farming system. The impact of exceptional values of such observations (outli ers) is that the 

classical methods of obta in ing estimates of parameters li ke least squares fitling criteria can 

produce misleading results. The problem of outliers has been treated by using robust regression 

techniques (e.g. Finger and Hediger, 2007). Thus, robust regression method is app lied as a means 

of addressing the problem of outliers in this thesis work so that the parameter estimates, whi ch 

are obtained from a given production nmction, wi ll no longer be mi sleading. Moreover, the 

adequate representation of production or crop yield functions is crucial fo r modeling purposes in 

agricultural and environmental economic analyses. To thi s end, the discussion and estimation 01' 

different functional forms of production function has gained much attention in agronomic and 

agricultural economics literatures. 

Though there are few stud ies, which have been conducted on agricultural production and 

efficiency of farmers in some parts of Ethiopia (e.g., Pender and Gebremedhin (2007); Addis 

et.al.(200 1) and Yohannes and Coffin (1993)) , much attention has not been given to the 

estimation of crop production function in Ethiopia with the applications of stati stical techniques 

such as robust regress ion. Therefore, thi s study attempts to show the applicati on of robust 

regression on production fu nction analyses for pri vate peasant holdings crop farming system in 

Ethiopia, focusing on the most important factors of production affecting crop yield , such as crop 

area in hectares, labour, fertili zer, and seed. 

1.4: Objectives of the Study 

The objectives of conducting this research are outlined below. 

• To apply production function analysis fo r private peasant holdings crop fa rms in Ethiopia 

using robust regression. 

• To fit different crop production n mctions and choose the appropriate one for privatc 

peasant holdings crop farms based on data from the 2007/08 (2000 EC) agricultural 

sample survey in Ethiopia. 

• To analyze facto rs of crop production at different regions of private peasant holdings in 

Ethiopia. 
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1.5: The Study Area 

One of the most crucial aspects of any functional ana lysis is the select ion of study areas. In 

general, the production function relationship fo r the entire region under consicierat ion must reiCr 

to factors, which are homogenous so that reliable estimates will be obtained (Frank and Beallie, 

1979 citing Heady, 1978). Therefore, especiall y in cross-sectiona l analysis, great care shou ld be 

given to the selecti on of an area which is relati vely homogenous, but at the same ti mc has 

suffi cient vari ation in the explanatory vari ables to yield accurate statisti ca l rcs ul ts. 

In thi s study, a relati ve homogeneity will be achieved by considering regions, which compri se 

relati vely uniform crop mixes, and somewhat similar topographies and cli matic features. A 

combination of these characteri sti cs should yield a study area, which empl oys essentially the 

same technology for the production of a relatively homogeneous mix. Wi th the he lp of the 

preceding criteria, fo ur major crop producing regions in Ethiopia, namely Ti gray, Amhara, 

Oromia and SNNP are identified for further investigations. 

1.6: Applica tions of the Results 

The results derived from the ana lyses will ass ist agri cultura l economiC advisors and crop 

production extension agents to advise farmers on which facto rs of production should they spenci 

max imum effort and money so that production can be maximized. The results may also provide 

private peasant crop producers and policy-makers with a better insight into the opti mal allocati on 

of scarce farming resources. 

The results of th is study can also be a starti ng point for further studies in the area of crop 

production technology with the application of advanced stati stica l techniq ues. 

1. 7: Limitations of the Study 

A number of limitations in thi s research need to be acknowledged, these are: 

1. Accurate data with the appropriate unit of measurement and without measuremcnt error is 

needed in order to get a reli able result from any empirica l analys is. However, in view of 

the fac t that the data used here are secondary any measurement erro rs associatcd with the 

data are beyond the scope of this study . In corUlection with thi s, the study has li mitations 
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on some of the exp lanatory variables, e.g., human labour and oxen labour are usually 

measured in terms of man hours/ days and oxen hours/ days spend in agricu ltural 

production, but in thi s stlldy we took the size of the household as human labour and the 

number of plowing oxen as oxen labour because in the survey man hours/ days and oxen 

hours/ days were not incorporated. 

2. Owing to the lack of detail ed data on amount of rainfall for the yea r 2007/08 (2000 EC) at 

each of the study site, it was not possible to include thi s variable in our regress ion 

ana lysis although it might have had a powerful effect on crop productivity. 

3. The study was limited to deal with resource utili zation from a profit maximizati on 

perspective for the reason that data on unit price of input factors we re not available. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

Several studies have been conducted to empirica ll y estimate the parameters of diffcrent 

functional forms of production functions, such as the transcendental logarithm ic (translog) 

production function , stochastic frontier production funct ion and Cobb-Douglas product ion 

fu nction using econometric analysis across a range of production industries . Some of the studies 

revealed that the estimations of these production functions present unexpected signs as we ll as 

non-s ignificance of parameters due to a seri ous problem of correlations among the explanatory 

variables. In order to circumvent the multicoll inearity problem, which wo uld have resulted fro m 

the ordinary least squares (OLS) estimation of the functions, fe w of them (e.g. Olarinde et aI. , 

2007; Ghebremariam, et ai, 2006; Lawrence and Marsh, 1984; Madariaga and McConnell, 1984; 

Frank and Beattie, 1979) have used ridge regression methods. 

The other potential problem, which ex ists in the estimation and ana lysis of crop production 

functions, but not given much consideration in the economic literature, is the occurrencc of 

exceptionally low or high values of observations both in the response and factor variables. Such 

phenomenon has led researchers such as Finger and Hediger (2007) to emp loy robust estimation 

techniques. 

Pender and Gebremedhin (2007) preferred to make use of a logarithmic Cobb-Douglas 

specification than a more general functiona l fo rm, such as a translog producti on funct ion due to 

multicollineari ty problems on their recent study. Their find ing using OLS showed that thc 

amount of seed and oxen power used had re lati vely large and stati stical ly significant positive 

impacts in the production function. In contrast, the impact of human labour was quantitative ly 

small and statistica ll y insignifi cant. In addition, population pressure, fa rm sizes and household 

sizes had small and stati sti ca lly insignificant impacts on crop production per hectare in thc ir 

reduced form yield regressions. Several land investments and land management practices had 

large and stati stically significant influences on the value of crop production . According to Pender 

and Gebremedhin (2007), most income strategies had an insignifi cant impact on crop production. 

One exception was households dependent on food aid or other assistance, whose yie lds were 

surpri singly significantly higher than those of other households. Other factors being equal, the 
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effect of irrigation on the value of crop production was not statistically sign ificant. However, 

irrigation increased crop production indirectly by increasing the use of inputs, including labor, 

oxen, fertili zer, and improved seeds. Use of cred it (formal or informal) was not associatcd with 

sign ificant increases in crop production. Contact with the agricu ltural extens ion program also had 

insignificant impact on crop production. 

Bakhsh et al. (2006) adopted stochastic frontier production function method in their stud y to 

estimate technical efficiency and determinants of potato production in Pakistan. The researchers 

preferred to apply Cobb-Douglas stochastic frontier production function than the translog 

functional form for the reason that the latter contains serious issues of multicollinearity. The 

estimates of the parameters of the maximum like lihood (MLE) methods show that the 

coefficients of land preparation, seed, plant protection measures and labour were statistica ll y 

different from zero. On the other hand, only two variables, i.e., irrigation and labour had 

statisticall y sign ificant effect when parameters were estimated using ordinary least squares (OLS) 

method. Though irrigation variable was not significantly different from zero in the MLE method, 

Bakhsh et al. (2006) claimed that the MLE model was we ll representative of data set for the 

potato growers as compared to OLS method. Their study revealed that production elast icity l'or 

labour variable was very high compared to other variables used in potato production. However. 

the unexpected elasticity estimate (negative sign) was found for the va riable plant protcction 

measure, 

Agricultural production was assumed to be the function of water availability, agricultural labour 

force, cropped area, and agricultural credit in a study carried out by Iqba l et.al (2003). A ti me 

series data of 30 years was considered in order to estimate a Cobb-Douglas production function 

using the ordinary least squares (OLS) method. Estimation of the production function lIs ing 

original variables showed moderate to strong multicollinearity among the independent variables. 

Thus Iqbal et al (2003) transformed the dependent and all the explanatory variab les to per 

cultivated hectare as a means of avoiding the problem of multicollinearit y. However the 

estimated transformed equation showed the presence of autocorrelation , an AR (I) and MA (I) 

processes, Therefore, the regression equation was re-estimated by adjusting for AR (I) and MA 

( I). The final est imates of the equation showed that the coefficient for agricu ltural credit, water 

avai lability and labour had pos itive and statistically significant effect on agricu ltural production 
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at the 5 percent level. Similarly, the coefficient for the cropping intensity variable had positi ve 

and is statistically significant effect on agricultural production at 10 percent level. 

A Cobb-Douglas production function was used to assess the extent in which productivity was 

affected by various farm inputs in the study by Addis et.a l. (200 I). Their study revealed that 

family labor, farm size, number of li vestock and amount of inorganic fert ili zer used had a 

significant and positive impact on the gross value of farm output whereas, fann er' s age had a 

significant and negative impact in the male headed households (MI-II-Is). In the female headed 

households (FHI-Is), family labor, farm size, number of li vestock, the use of hired labor for 

agricu ltural production and inorganic ferti lizer had a positive and signifi cant impact on the gross 

value of farm output; however, extension contact had a negative and significant impact. Above 

all , herbicide, insectic ide and education of head had no stati stically significant impact for both 

MHI-Is and FI-IHs. The study also showed that MI-IHs could increase producti vity by using more 

labor and fertili zer, while FI-JI-Is could do so by using more land and fertili zer. 

Qunaibet et.al (1995) estimated a Cobb-Douglas type production function with the assumption 

that the functional form for milk production is homogenous using a cross secti onal data li·om 25 

dairy farms of Saudi Arabia. In the process of estimating the production function , the inputs 

(total milk production, number of dairy cows, metabo lic energy, operating cost and labor cost) 

were positively correlated with highest correlation being 0.93. As a result, the researchers used a 

modified farm milk production function by considering the proportions of the farm inputs 

required to each production unit of Xl" i. e., X1IXp, X2/Xp, ... Xp_1IXp, I. Their find ing showed 

that farm productivity, or milk production per cow, is monotonically increasing with dairy farm 

size. 

Yohannes and Coffin (1993) conducted a study usi ng a Cobb-Douglas function on crop and milk 

production structure of smallholders in Ethiopia. Since there were differences in the impacts of 

inputs on outputs and that the structure of crops and mi lk production across regions. the 

researchers proceeded the analysis of production deci sions by region and farmer gro up. The 

study showed that physical facto rs such as land, labour, oxen and seed rate exert positi ve and 

significant impact on the amount of crop output obtained. Management re lated variables such as 

schooling and crop production knowledge exerted positive and significant effect on producti on of 

most crops while the effect of extension education was not significant. Black soil exerted a 
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positive and significant effect only on teff and peas cu ltivated by Ada fanners. Moreover. the 

intra-region analysis of crop production revealed that plot s ize and oxen labour had stat istically 

significant and positive effect on the level of production of most crops. Perti li ze r exe rted a 

positive and s ignificant effect on crops cu ltivated by Ada farmers as do pcsticidcs on crops 

cultivated by Selale farmers. Production knowledge and schooling exerted a positive and 

significant effect on all crops. 

Being aware that corn yields are driven by numerous factors, Finger and Hediger (2007) focused 

on two crucial production factors: nitrogen fertilizer and irrigation water for the production 

function comparison of Swiss corn. Three types of crop production functions were analyzed in 

their study: two polynomial specifications (the quadratic and the square root funct ion) and the 

Mitscherlich-Baule function. The quadratic form consists of an additive composition of the input 

factors , their squared values, and an additional interaction term. The square root function consists 

of an add itive composition of the input factors, their square root values, and an add itional square 

i'oot of interaction term . They found that input leve ls were uncorrelated with other variables that 

also influence corn yields using simulated co rn yield data that was generated wi th the CropSyst 

model. Because Finger and Hediger (2007) observed exceptional crop yield levels in the data set, 

they applied reweighted least squares (RLS) regress ion in the estimation of parameters fer the 

quadratic and square root functions . Accordingly, each estimated coefficient had the expcctcd 

sign and was stati stically significant except the coefficient for Applied Nitrogen * Irri gation 

Water. Mitscherlich-Baule production function reached higher goodness of fit than the 

respective estimates of the quadratic and square root forms. However, upon appl ying optimal 

input leve ls and costs of misspecification, the authors found that the square root function was the 

most appropriate form to represent the data generated with corn yie ld simulations l'or 

Switzerland. 

Chunkwuji, et al (2006) employed panel data of three batch broiler production cyc les in order to 

describe the production technology. Linear, semi log and double log functi ona l forms of the 

production function were estimated. Though all models were signifi cant (P < 0.05) and the 

coefficients had the expected signs except for variable and operating expcnse. the linear 

functional form was adopted as the best fit to the data set used for the study on the basis of R2 

The estimates indicated that whi le stock size and expenses of feed werc pos itively rel ated to 
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output and revenue of the farms, variable and operating costs were negative ly related to them . 

The results showed that the farmers were efficient in the allocation of their resources except in 

the case of fixed capital items. However, the farmers appear to be underutil izing their resources. 

Yilmaz and Ozkan (2004) studied the effect of land tenure systems on corton production in 

Turkey by using production functions. The models used in the study to estimate production 

functions were: Linear, Cobb-Douglas, Semi Log and Exponential. All of these models were 

estimated using ordinary least square (OLS). The OLS estimation revealed that the numbcr of 

statistically significant parameters varied among the nmctional form s used in the study. 

However, the F-test results showed that overall regression models were statistically significant. 

Adjusted R2 was higher in the linear and Cobb-Douglas production functions than others. 

Moreover, their finding confirmed that all estimated equations had multicollinearity problems. 

Though the estimated regressions were not suitable to analyze the structure of production 

because of multicollinearity problem, the researchers claimed that linear model seems to yield 

better results in term of R2, number of statistically significant parameters and expected signs of 

parameters. From among the explanatory variables i.e. land tenure type, parcel size, labour, 

tractor, seed, nitrogen and chemicals considered in the study, the variables parcel size, labour and 

nitrogen variables were statistically significant in the linear modcl. Only two variablcs, parcel 

size and labour, were found statistically significant and have expected signs in the Cobb-Douglas 

functional form. However, semi log and exponential form s produced poor resu lts in terms of 

significance level orlhe parameters. 

Mbanasor and Obioha (2003) studied resource productivity under Fadamas cropping system in 

Umuahia north local government area of Abia state, Nigeria by estimating three functional forms 

of a production function: linear, Cobb-Douglas and semi-log. The Cobb Douglas form provided 

the best fit among the rest due to high value of R2, the number of regression coefficients that 

were significant and the significant level of the F-ratio. Accordingly, the vari ables labour, farm 

size and value of other inputs were significant while value of fi xed assets and value of fertilizcr 

used were not. From among the significant variables, labour and farm size had a posit ive 

relationship with the value of outputs. It was also indicated that the value of other inputs used had 

negative influence on the value of output. The result further confirmed that farm size and labour 

use were more productive than other resources. The relationship between the resources (labour 
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and value of other inputs) and output was inelastic except that of the farm size which was at the 

maximum technical efficiency i.e elasticity greater than unity. Also the coefficient o f returns to 

scale impl ied that the farmers were operating at the region of maximum techn ica l efficiency, an 

irrational region of production . 

A recent study was conducted by Olarinde et al. (2007) to quantitati ve ly determine the indi vidua l 

risk attitudes of maize farmers in the dry savanna zone of Nigeria . The researchers considered 

two functional forms: the exponential and power functions for the analysis of their data. Afte r 

transforming these functions into their linear forms using logarithms, Olarinde et al. (2007) round 

that the double logarithm (log- linear) function had the best fit with R2 = 0.8117. Despite the high 

value of R2, some of the parameters were poorly estimated due to multi co llinearity, wh ich ex isted 

between two variables (fertili zer-NPK and fertili zer-Urea). Consequently, a ridge regress ion 

analysis with ridge parameter = 0. 1 was performed to re-estimate the paramete rs of the doub lc 

logarithmic production function. The results of ridge regression showed that the variables: 

quantity of seed planted in kg/ha, fertilizer (NPK) in kg/ha, labour utili zation in labour-day/ha, 

herbicide in litre/ha and tractor in hour/ha had statistically significant effects in maize yield . But 

the variables fertili zer (Urea), insecticide in li tre/ha and animal (traction) in hour/ha were found 

stati stically insignificant at the standard level of signifi cance (P < 0.05) . Aftcr all , the variable 

quantity of seed planted in kg/ha was found to be the most important input affecti ng maize yield. 

Ghebremariam, et al. (2006)conducted a production function analysis of commercia l dairy farms 

in the Highlands of Eritrea by using a sample of 120 respondents at a dairy farm leve l data . Thc 

correlation matrix of explanatory variables depicted high correlations among some fac tors 0 f 

production, i.e. , annual purchased concentrates, atillual purchased forage, ann ual labour cost and 

number of milking cows. Moreover, some of the estimated parameters had negat ive producti on 

coefficients where a priori all such coefficients were assumed to be non-negat ive. Consequently, 

ordinary least squares (OLS) estimates were found to be very unstable. However, upon appl ying 

the technique of ridge regression, the parameter estimates were found to be more prec ise. 

Ghebremariam, et al. (2006) basically, made an attempt to pool the data o f the three study areas 

(central zone, Mendefera and Dekemhare), using dummy variables to test if in the three stud y 

areas the regressions have a common intercept and a common slope. From these analyses, the 

intercept and slope dummy coeffic ients for the pooled data were stati sti call y different from zero . 
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As a result, it was not stati sticall y appropriate to poo l the data from the three regions to estimatc 

a common function that represents the sample of dairy farmers of the highlands of Eritrea as a 

whole. For this reason, separate analyses were conducted for each study area. The anal yses 

results using ridge regression portray that the variables annual purchased concentrates, annual 

purchased forage , annual labour cost and number of milking cows were stati stically signi liean t 

for all of the three study areas. [n addition, the variable annual operating and mcchanica l cost was 

significant in Mendefera and Dekemhare. However, the variable annual veterinary and medicine 

cost was stati stically significant only in Dekemhare. Their study also showed that most o j' the 

resources are under-utili zed, with the exception of concentrates, which are over-utili zed by dairy 

farmer respondents in Mendefera and Dekemhare. 

The study by Lopez (1997) on the structure of production of the Spanish te lecommunica ti ons 

sector has provided empirical measures of the returns to scale coefficient, substitution elastic ities 

between capital and labor, their marginal productivities, and the profitability of inputs in the 

Spanish telecommunications industry. Both trans-log and Cobb-Douglas production functi ons 

were estimated utiliz ing time seri es data. Estimation of the translog production functi on 

presented a serious problem of multicollinearity among the variables . As a result , ridge 

regression method was employed to cstimatc the paramcters of translog production function. 

Both specifications, the translog and the Cobb Douglas model, yielded similar resu lts for the 

Spanish telecommunications sector. In add ition, the estimates of parameters (capita l, labour and 

proxy for technological change) were significant in both cases. The values of the marginal 

productivities of the Cobb Douglas specification for capital and labor were slightly lower than 

those of the translog function, but in both cases they were steadil y increasing throughout the 

period under study. However, F-test statistic did not provide a strong support for the translog 

specification when it was tested against the Cobb Douglas funct ion. 

As an estimation of the economic va lue of irrigation water for five regions of the Middle Atl antic 

States Madariaga and McConnell ( 1984) employed a Cobb-Douglas production function mode l. 

The ordinary least squares (OLS), ridge regress ion and covariance ana lysis were employed 

separately to estimate the production function. The OLS results making use of an aggregatcd 

expenditure input variables (labour; fertilizer; seed, bulbs, plants and trees; machinery; other 

chemicals; and petroleum) data provided the correct sign of estimated coeffi cients expected a 
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priori for all variables except for the signs of the year dummy terms. On the other hand, 0 LS 

regression on the disaggregated input variables, i.e., incorporating fertilizer expenditure, labour 

expenditure and machinery expenditures separately yielded the signs of estimated coefJicients for 

the variables labour and machinery, which is diffe rent from expected a priori. Additionall y, the 

grouped expenditure estimated coefficient was unreasonabl y large. As a result , Madariaga and 

McConnell ( 1984) employed ridge regression in such a way that the regression coe fficients for 

all variab les included in their study had the expected signs. Accord ing to their finding, though 

ridge regress ion greatl y affected most of the estimated coefficients, the ridge estimates of the 

irrigation water coefficients were similar to the OLS estimates. 

Frank and Beattie (1979) applied ridge regression as a viable alternati ve to OLS under 

multicollinearity in order to obtain better estimates of the underlying structural parameters and 

hence better description of water demand characteristics. Us ing 1969 Census of Agricultural 

data, Frank and Beattie (1979) found that the parameter estimates under OLS were contrary to a 

priori reasoning due to high correlations among the explanatory vari ables: values of li vestock 

inventory, value of machinery inventory, feed expenditures, fertili zer and lime expenditures and 

irrigation water applied. One third of the estimated coefficients for the production function using 

OLS took on unexpected signs and the standard errors were generally high. In addit ion, all the 

coefficients in the Cobb-Douglas production fi.mction were found to be insigniticant though the 

value of R2 was high. On the other hand, upon applying the tec1mique of ridge regression, all 

parameter estimates except for one out of 99, took on the expected sign and the standard errors 

were decreased in every sense. Overall , the ill-effects of multico llinearity appear to have been 

substantially lessened. 

The idea of combing robust regression and ridge regression to deal simultaneously with outliers 

and multicollinearity has been di scussed by Lawrence and Marsh (1984). The in it ial ordinary 

least squares estimation based on a generalized Cobb-Douglas production function showed that 

the overall model was highly adequate. However, on ly one of the estimated regress ion 

coeffici ents had a t statisti c that was significant at any reasonable leve l of significance. In 

addition, four of the six variables had high corresponding variance inflation factors, which are 

viewed as an indicator of harmful multicollinearity. The other problem they faccd in the study 

was the presence of outliers in the data. For providing credib le estimates of the coal mining 
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fatality model, Lawrence and Marsh ( 1984) fo und the Lawless and Wang (L-W) method, whi ch 

consistently produced the expected signs for the regression coeffic ient estimates under the robust 

weighting schemes the best. They finall y used the Huber weighting method with L-W estimator 

so that the estimated coeffic ients were found to be as expected a priori in tcrms of both sign and 

significance. 

The system of seemingly unrelated regression was employed by Yao ( 1996) in the study of the 

determinants of cereal productivity of the peasant farm sector in Ethiopia, [rom 1981 - 1987 in 

order to capture the relationship in between different inputs of a particular crop: labour, fenili zer 

and rainfall. He al so made experiments to estimate the CES and translog fu nctions, but since 

these did not generate any better results, he presented only the class ica l Cobb-Douglas 

production function to estimate the elasticities of inputs with respect to crop producti on. Yao 

(1996) estimated the same production fu nction for each of the major crops: tefr, wheat, maize, 

barley and sorghum. Yao ( 1996) concluded that crop production is mainly detcrmined by two 

major traditional factors, land and labour. His results also revealed that the contributions of 

fertili zer and rainfall had a significant and sizeable effect on food productio n. He also reponed 

that a dramatic decline in food production is mainly due to reduction of yie ld rather than area . 

Lastly, for all the crops, the elasticities of returns to scale were almos\ equal to I. This suggests 

that output can be expected to increase in proportion with the increase of all inputs in a normal 

year, i.e. if the effect of rainfall is ignored. 

Despite such immense works in the estimation and analys is of production functions, little has 

been done in the Ethiopian context, i.e., only few of them e.g. , Pender and Gebremedhin (2007); 

Addis et.al. (2001); Yohannes and Coffin (1993) and Yao (1969) among others have employed 

Cobb-Douglas production function. Unlike other research works considered in thi s chapter, the 

researches in Ethiopia did not give much attention to di scuss and tack le the occurrence of 

extreme values of observations using statistically recommended techniques such as rob ust 

regression. Consequently, thi s stud y attempts to fill thi s gap by focusing on statisti ca l methods of 

ameliorating problems related to the occurrence of extreme va lues of obscrvations, which are 

common to happen in the agricultural productions. 
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CHAPTER THREE 

3. DATA AND METHODOLOGY 

3.1: The Data 

The analysi s and estimation of crop production function in this study employed data I·j·om the 

2007/08 (2000 EC) agricultural sample survey ('Meher' season) conducted by Central Stat isti ca l 

Agency of Ethiopia. The agricultura l sample survey covered the entire ru ral parts of the country 

except the non-sedentary populations of three zones of Afar and six zones of Somali reg ions. 

However, this research cons idered only the four major crop producing regions namely: Tigray, 

Amhara, Oromia and SNNP. 

3.2: The Variables in the Study 

For the sake of obtaining meaningful results, a careful se lection of rel evant variables is the 

central concern in any study. The omission of any relevant variable will result in a model which 

is biased in an economic sense. Some variables, although relevant are imposs ible (e.g. rainfall in 

this study) or too costly to be included. However, the economic bias can be lessencd by 

specifying an appropriatc modcl. Accordingly, the li sts of variables that were considered in the 

crop production function analyses are the following. 

The Dependent Variable: 

Total crop production, denoted by Y is defined as the total amount of crop yield in quintal s per 

private peasant holding. 

Independent Variables: 

The following independent variables were hypothesized to influence the crop yield in each of the 

study regions either positively (+), negatively (-), or positively andlor negati ve ly (+1-). 

• X,: Amount of chemical fertili zer employed in kilogram (+). 

• X, : Weight of improved and/or non-improved seed in kilogram (+). 

• X3: Area of agricultural land in hectares (+). 
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• X,: Human labour, which is calcul ated based on the household size of the fa rmer (+). 

• X, : Oxen labour: it is defined as the total number of plowing oxen a household own (+). 

• X6: Education (highest grade) attained by the head of the household (+). 

• X,: A dummy variable scoring I for respondents having extension contact and 0 otherwise 

(+). 

• X8 : A dummy variable scoring I for damaged crops and 0 otherwise (-). 

• X, : A dummy variable scoring I for irrigated crop field and 0 otherwise (+). 

• X IO : A dummy variable scoring I if the crop land ownership type is pri vate and 0 if the 

crop land ownership type is Rent/Leased (+/ -). 

3.3: The Methodology 

3.3.1: The Production Functions 

A production function is a functi on that specifies the output of a firm , an industry, or an entire 

economy fo r all combinations of inputs. Given the set of all technically feasible combination of 

output and inputs, only the combinations encompassing a max imum output for a specified set of 

inputs would constitute the production function. A lternatively, a production function can be 

defined as the specification of the minimum input requirements needed to produce des ignated 

quantities of output, given available techno logy. It is usuall y presumed that unique product ion 

fu nctions can be constructed for every production techno logy. 

The relationship of output to inputs is non-monetary, that IS, a producti on function rel ates 

physical inputs to phys ical outputs, and prices and costs are not considered. But, the production 

function is not a full model of the production process: it deliberate ly abstracts away from 

essential and inherent aspects of physical production processes, including error and waste. The 

primary purpose of production function is to address a llocative effi ciency in the use of factor 

inputs in production and the resulting di stribution of income to those fac tors. Under certain 

assumptions, the production functi on can be used to deri ve a marginal product for each factor , 
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which implies an ideal divi sion of the income generated from output into an income due to each 

input factor of production. 2 

An appropriate production function (model) should ex hi bit several technical characteristics 

generall y believed true of production processes. On an a priori basis, agricultura l production 

function can be hypothesized to exhi bit three essentia l characteri stics. First, like most production 

processes, inputs in an agricultural process will likely fo llow the law of diminishi ng margi nal 

producti vi ty, i.e., as successive units of a variable input are applied to a given quantity of other 

resources, the resultant increments to output (marginal product) will decline . Second ly, the 

marginal product fo rthcomi ng from a decision to increase or decrease a facto r level depends on 

the available quantities of the other factors. Finally, if one of the req ui si tes fo r production is 

absent, i.e., a zero input leve l, the process would yield no output. 

The technical characteristics of a production function, which are stated above, may not be strictly 

val id for any fu nctional form considered in a given study; because mode l specifications having 

desirable technical properties are sometimes accompanied by statistical problems or simply not 

supported by the data. As a result, other functi onal fo rms, though they do not satisfy the stated 

technical characteristics should be considered fo r further analysis in view of statistical and 

mathematical desirability. Relax ing one or more of the above characteri sti cs and based on a 

review of traditional and popular li teratures, Griffin, et al. (1987) identified twenty functional 

forms including li near, quadratic, square roo t, trans log and Cobb-Douglas. The modcls 

considered in the esti mation of production fu nction in thi s research work, are: linear, Cobb­

Douglas and exponential. 

A production function can be expressed in the implicit fo rm as: 

where, 

Yi = f(X 1i , X2i , X3i , ... , XKi ) + ' i i = 1, 2,3 , ... , n ...... . .................... ... . . .... (3.1) 

• Y. is the i·h output; 
I 

• Xti' X2i , ""XKi are K explanatory variables (inputs) ; 

2 Wikipedia, the free encyc loped ia, Wikimedia Foundation Inc. encyc lopedia on-line, availab le from: 
htlp://cn. wik iped ia.orp;lw iki /Production function, Internet accessed on 13 November 2008. 
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. h ·,h 
• Ei IS tel error term 

• n is the number of observations (cases) included in the study. 

• f( .) is a known funct ion of explanatory variables. 

The different inputs for crop production function can be labor, land, seed, fe rtili zer, chemicals, 

and tractor (plowing oxen) . 

3.3.1.1: The Linear Production Function 

where, 

• 

• 

• 

• 

• 

• 

Yi = Po +p,x " +p,x " + ... +PKXK, +£, ...... .. . .. .... .. ... .... ..... ..... .... .. ...... ... . ..... ... (3.2) 

Y is the output or response (dependent) variable. 

X I ' ... , x K are the K factors of production (inputs). 

n = the number of cases considered in the estimation of production function. 

i = 1, 2, 3, . .. , 11 

P j ' 5 are the parameters to be estimated. 

£. = The random disturbance term and is di stributed independent-normal with mean zcro , 

d 
. 2 

an constant vanance a 

rroperties: 

I. The input value(s) for one or all explanatory variables, x's is zero, does not imply that the 

output value, Y is zero. 

2. The first order partial deri vative of Y with respect to each x K is unrest ricted in sign but 

has a constant va l ue . 

8Y 
I.e ., - - can be zero, positive or negative. 

8X K 
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3. The linear functional form has no asymptotic convergence. 

4. [fPO = 0 , then the fu nction is linearl y homogeneous. 

5. The function is linearly separable even ifany X is zero . 
1 

3.3.1.2: The Cobb-Douglas Production Function 

The Cobb-Douglas functional form given hereunder is frequentl y used in the literature and 

proved to accurately capture the underl yi ng relationship (e.g., Ghebremariam, et. al (2006), 

Pender and Gebremedhin (2007), Addis et.al (200 I) and Qunaibet, et.al (1995)). 

Model: 
~1 ~2 ~K 

Yi = ~OX1iX2i .. XKi exp(E i ) ..... . . . ........... ....... ........... (3.3) 

where, 

• X I ' ... , X K ' Y, i and f. are as defined above. 

The model can be changed into linear form as fo llows so that the parameters will be estimated 

using the method of estimation for linear regression. 

Properties: 

1. When X i = 0 , Y = 0, which satisfies the condition of zero product intercept. 

2 . The function is not asymptoticall y convergent. 

3. The first order partial derivative of Y with respect to each X ., i.e. , Ihe equation for 
J 

marginal productivity is unrestri cted but non-switching in sign. 
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· ay _ (P j - I) 
I. e., - - Hox . 

ax J J 
J 

K p. n x. t 
• t 

i = I 

• Decreasing marginal productivity IS exhibited f"or Ihe case of" 

• 
ay 

increases without bound as x. approaches zero while 
J 

ay 
-- approaches to 
ax. 

J 

ze ro when X. tends to infinity for Po> 0, 0 < p. < I and 0 <p o < I. 
J J t 

4. The sign of the derivative of the marginal productivity of x. wi th respect to x . is 
J J 

negative, 

dimini shing marginal returns. 

5. The second order mixed derivati ve yields a positive va lue lor 

> o which implies an 

i :;em , j 

increase in the marginal productivity of X j as X t11 is increased. 

3.3.1.3: The Exponential Production Function 

where, 
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• X I ' ... , X K ' Y , i and E are as defined above. 

Thi s model can a lso be transformed into linear form so that the parameters will be est imatcd 

using the method of estimation for linear regression. 

Properties: 

1. Since X. o does not imply V = 0, the condition of zero product intercept IS not 
I 

satis fi ed. 

2. The first order partial derivative of V with respect to each X k has either positi ve or 

negative sign (+ or -). 

av 
I.e. , -- can either be positive or negative . 

aX K 

3.3.2: The Multiple Linear Regression Model and Statistical Assumptions 

The empirical investigation of problems that result from a given data set shou ld begin only alter 

the model has been satisfactorily specified and further checked for stati stical assumptions. 

Consider the following multiple linear regression model: 

y = X~+E ............... .. . .. . . . .. ... ... .. . . ... . . ........ (3.7) 

where, 

• Y is an n x I vector of dependent variable; 

• n is the number of cases/ subjects considered in the regression; 

• X is an n x (K+ I) matrix of independent variables; 

• K is the number of explanatory variables; 

• P is a (K+ 1) x I vector of regression coefficients and 
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• E is an n x I vector of random disturbances. 

Upon considering the above regression model , the foll owing assumptions should be sati sfi ed by 

the data set at hand , detail discuss ion can be found in Gujarati (1995) among others. 

I. Linearity - the relationship between the predictors and the outcome variable should be 

linear. This can be checked by the partial regression plot of an outcome vari able versus 

each of the pred ictor variable . If the plot suggests that linearity assumpt ion is vio lated, the 

poss ible remedies are transformation of variables into such as log or polynomia ls and 

inclusion of the cross product terms of predictor variab les. This is equi valent to 

approximating any continuous function by a polynomial or logarithms and use linear 

regression methods. A preferable method of detecti on is examination of residual plots. 

i.e. , plots of the unstandardized residuals as a function of predicted va lues. If such a pl ot 

has no visible curvature (scattered randomly), then linearity assumpti on is sati s fied . 

However, in practice thi s assumption can virtua ll y never be confirmed; fortunate ly. 

multiple regress ion procedures are not greatly affected by minor dev iations li·om thi s 

assumption. 

2. Normality - the errors should be normall y distributed. Technicall y normality is neecss8 ry 

only for the t-tests to be valid, but estimation of the coefficients only requires that the 

errors be identically and independently di stributed. The assumption of normal ity ean be 

assessed by either histograms for bell shaped distribution of residuals or normal quantile 

plot (Q-Q plot) of residuals for approximately straight line. The Q-Q plot is a plot of the 

quantiles of residuals aga inst the theoretical quantiles if the residuals arose from a normal 

distribution. If the residuals come from a normal distribution, then the points on thi s plot 

should fall close to the diagonal line. A bow-shaped pattern of dev iations from the 

diagonal indicates that the residuals have excess ive skewness (i. e., they are not 

symmetricall y di stributed, with too many large errors in the same direction). An S-shaped 

pattern of deviations indicates that the residuals have excess ive kurtosis i. e., there are 

either too many or too few large errors in both directions. One remed ial measure for non­

normality is transformation of the response variable. The other remed ial approach is to 

allow the response variable to have non-normal di stribution (e.g., Poisson, Binomial , 
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Gamma, etc.) depending on the data observed (e.g. , count, binary, skewed continuous, 

etc.). 

3. Homogeneity of variance (homoscedasticity) - the error vari ance should be constant. 

Often the ex istence of a few extreme or unusual observations (outliers) in a 

homoscedastic model makes the model heteroscedastic (Rana, eLal , 2008). The plot of' 

residuals versus predicted values are important to see whether the assumption or 

homoscedasticity is violated or not. If the residuals have some patterns as a function or 

predicted values, then there wi ll be an evidence of non constant va riance 

(heteroscedasticity). When the plot of residuals appears to deviate substantia ll y rrom 

normal, more formal tests fo r heteroscedasticity should be performed (.Jason and Waters 

(2002)). Possible tests for thi s are the Goldfeld-Quandt test, the Breusch-Pagan test and 

the White test. However, Rana, et. al (2008) confirmed that the abovc tests suffer a huge 

setback in detecting heteroscedasticity when outliers are present. Accord ingly, they 

proposed a modified Goldfe ld-Quandt (MGQ) test with the computat ional steps give n 

hereunder. 

1. Likewise the classical Goldfeld-Quandt test, order or rank the observations according 

to the value of X that supposed to cause heteroscedasticity, beginning with the lowes! 

X value. 

II. Omit central c observations, where c is specified a priori and then di vide the 

remaining (n-c) observations into two groups each of (n-c )/2 observations. 

Ill. Check fo r the outliers by any robust regression technique, preferably use the robust 

Least Trimmed of Squares, L TS (see the detail on LTS at the end of thi s chapter) to fit 

the regression line. Then compute the deleted residuals for the entire data set based on 

a fit without the points identified as outliers by the LTS fit. 

IV. For both the groups compute the Median of the Squared Deletion Residuals 

(MSDR) and compute the ratio: 

MGQ = MSDR2/ MSDRI 

Where, 

• MSDR2 and MSDR I are the medians of the squared deletion residuals fo r the 

smaller and the larger groups respectively. Under normality, the MGQ 
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statistic fol lows an F di stribution with numerator and denominator degrees or 

freedom each of (n-c-2(K+ I ))12. 

• K is the number of explanatory variables in the model. 

The problem of heteroscedasticity can be fi xed by transfo rming vari ables, applying 

weighted least squares (WLS), i.e. reweighting the cases with large residuals or use of 

White's heteroscedastcity consistent covari ance matrix. Heteroscedasti city can al so be a 

byproduct of a significant violation of the linearity and/or independence assumptions. in 

which case it may al so be fixed as a byproduct of fixing those problems. 

4. Independence - the error associated with one observation is not correlated with the errors 

of any other observations (no autocorrelat ion). Autocorrelation is more common in timc 

seri es data where the error terms of one or more consecutive periods are co rre lated. With 

cross sectional data, however, random sampling guarantees that different error terms are 

mutuall y independent, and autocorrelation is not an issue (Verbeek, 2008 , pp. 105). But , 

when the sample is constructed in a particular (nonrandom) way correlati on between 

different observations may arise. In some cases, for instance, if one studies the 

consumption patterns of households, the error terms for households in the samc 

neighborhood can be corre lated. This is because the error term picks LIp the effect or 

omitted variables and these vari ables tend to be correlated for households in the same 

neighborhood (Maddala, 1992, pp. 230). Similarly, in thi s research error terms of closer 

households within the same region may corre late and hence there is a need to test lo r 

autocorrelation. Durbin-Watson Statistic is the most popular measurc used to detcct such 

correlations. The values of Durbin-Watson Statisti c, ranges from 0 to 4 with an idea l 

va lue of2 indicating that errors are not correlated (a lthough values from 1.75 to 2.25 may 

be considered acceptable). A value significantly below 2 indicates a positi ve correlation 

and a value significantly greater than 2 suggests negative correlation . One remedial 

measure to thi s problem is trying to find out if autocorre lation is pure or resulted from 

misspecification of the model. If the autocorrelation is pure, then use appropriate 

transformation and some type of linear and nonlinear mixed effects models. 
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Consider the fol lowing multiple linear regression mode l: 

Yi = Po +P I Xli + P2 X 2i + ... + PKX Ki + Bi ...... . ....... . . ... . .. ........ .... .... . .. . . . .. . .. . .......... (3.8) 

Define the Durbin-Watson, d statistic as : 

d = 

n ,, 2 
I (E. - B· I) 

i = 2 I I -

n 2 
I E 

I = I I 

" 2 L E 
i =1 I 

" - 2 L <.E. I 
i = 2 1 1-

d = ---------;,,:---0
2
;------

L E 
i =1 I 

11 
IU I i = 2 I 1-

d " 2 ( I - --:11"---0
2
;-­

I E 
i =1 I 

n 
I B.B. I 

i = 2 I ]-

Define also the correlation between errors, pas: p = n 2 
I e. 

i = I I 

Thus, d " 2(1 - p) ........... . .. . .. . .. . .............................................. . ...... .. ...... (3 . 9) 

Since - I ,; p ,; I, the d statistic is in the interval 0 ,; d ,; 4 

Positive Test is No Test is Negati ve 
autocorrelation inconclusive autocorrelation inconclusive autocorrelation 

0 < d < dL dL <d < dU dU < d < 4 -dU 4 -dU < d < 4 -dL 4 -dL < d < 4 

Where, dL and dU respective ly are the lower and upper critical values obtained li'om Ihe Durbin­

Watson table with K (the number of independent variables in the model ), n (total number o r 

subjects) at a given level of significance a . 
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5. The x's are linearly independent (no multi collinearity) and hence rank (X ' X) = rank eX) 

= K, which implies that (XTXr ' exists. Multico lli nearity is neither a specification error 

that may be uncovered by exploring regression residuals nor a modeli ng error but is a 

condition of deficient data (Chattelj ee and Price, 1977, pp. 143- 144). The various 

techniques that are usefu l for detecting multicollinearity are the fo llowing. 

• Examination of Correlation Matrix: A very simple measure of multico llineari ty IS 

inspection of the off-diagonal elements of the correlation coefficient , rij in XTX. If 

• 

regressors Xi and x j are nearl y linearly dependent, then Irijl wi ll be nea r unit y. 

Variance Inflation Factor (VIF): VIF = where R 2 is the squared multiple 
1 - R2 , , 

J 
correlation coefficient between x i and other explanatory vari ables. As R ~ tends toward I , 

indicating the presence of a linear relationship in the x's, the V IP I(ll' the esti mated 

coefficient of Xi tends to infinity. It is suggested that a VIF in excess of lO is an 

indication that multicollinearity may be causi ng problems in estimation (Chatteljee and 

Price, 1977, pp. 182). 

• Eigenvalues and Condition Number (CN): If there are one or more near-linear 

dependences in the data, then one or more e igenvalues ofXTX , say A',)'2 ' ''' ')' k will be 

small. The CN is supposed to measure the sensitivity of the regress ion esti mates to small 

changes in the data and is de fined as the ratio of the largest to small est e igenva lue of the 

matri x XTX of the explanatory variables, i. e. , 

CN = Am" . Generally, if the condition number is less than 100, there is no seri ous 
Amin 

problem with multicoll inearity. CN between 100 and 1000 imply moderate to strong 

multico llinearity, and if it exceeds 1000, severe multicollinearity is indicatcd. 

There are several approaches to combat multi co llinearity, these are: use a pri ori information 

(impose restrictions) , combine cross sectional and time series data, creating a new independent 
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variable by dividing one of the inter-correlated independent variables by another. drop a variable 

until multicollinearity problem is solved (this may however lead to spec i licat ion erro r into the 

model, Crown, 1998, pp. 75), get bigger sample size and use of biased regress ion method like 

ridge regression. 

In addition to the above assumptions, there are issues that can arise during the analysis that, whi le 

strictly speaking, are not assumptions of regression, are none the less, of great concern to 

regression analysts. These are unusual observations, which may be outliers or leverage points 

that exert undue influence on the coefficients. The issue of satisfying the above assumptions and 

detecting outlying cases are intertwined. For example, if a case has a value on the dependent 

variable that is an outlier, it will affect the skew and hence the normality of the distribution. 

Detail discussion on outliers is given in the next section. 

Whenever the above assumptions are entire ly sati sfied , the best (minimum variance) and 

unbiased linear estimator of P in equation (3.7) is obtained by the method of ordinary least 

squares (OLS). The method of OLS is based on minimizing the erro r sum 01" squares (Q): 

T T . Q = E E = (Y - X P ) (Y - X P ), where T stands for transpose. 

i.e, Q = VTV - 2pT XT V +pTXTXP ....... ......... ... .... ...... .. .... ... .. ... .. .... (3. 10) 

Minimization of Q can be achieved by taking the partial derivati ve of Q with respect to each ~ , 

and equating to zero, 

I.e, aQ = 0 gives POLS = (XTXr' XTy ................ . ... . . .. .. . ...... . .. .. . . .. . . . . . . . . .. . (3. II) 
ap 

POLS = (XTXr' X'(XP+E), since V '" XP+E 

~OLS = p + (XTXr' Xl's 

The above implies that POLS - p '" (XT Xr' XT 
E 

The expectation of POLS = E(~OLS) = p, i.e ., POl.S is unbiased since E(E) '" 0 
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The variance-covariance matrix of POLS is given by: 

Var(POLS) = 
, , , ' T 

E[( POLS - E( POLS ))( POLS - E( POLS)) 1 

= 
, , T 

E[(P OLS - P ) (POLS - P ) 1 

(XTXr' xT E(I':I':T)X(XTXr' 

= (XTXr' 0
2

, since E (I': lOT) = 0
2 T. ... . ............... ... "" ........... .. ... (3. \2) 

where 0
2 is estimated by the mean square error, ,,2 which is given by: 

qA 

,,2= __ 1':_ 1': __ .. . .... . . ... . .. .... . ....... .. .................. ... .. ............. .. .. .. .. .... ... (3.13) 
n - (K + I ) 

where, i: = Y - XP OLS and n, K, T and POLS are as defined above. 

However, we are expecting that the crop production data in this research is vulnerable to unusua l 

observations in such a way that the parameter estimates of OLS regress ion arc mislead ing. As a 

result, a special attention is given to deal with regression analysis in the presence of unusual 

observations. 

3.3.3: Unusual Observations and Robust Regression 

3.3.3.1: Outliers 

Outliers are observations that are numericall y di stant from the rest of the data. An observation 

with an extreme value on a predictor variable is a point wi th high leverage. Leverage is a 

measure of how far an independent variable deviates from its mean. If such leverage point 

deviates from the linear relationship described by the majority of observations it is ca lled 'bad 

leverage point' . In contrast, a leverage point is cal led 'good leverage point' if it does nol de viale 

from the typical relati onsh ip. Good leverage po ints are not outli ers and even improve the 

tegress ion inference as these points reduce standard errors of coefficient estimates. Outliers can 

occur by chance in any distribution, but they are often indicative either of measurement error o r 

that the population bas a beavy tailed distribution. 
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A frequent cause of outliers is a mixture of two distributions, which may be two distinct sub­

populations, or may indicate "correct trial" versus "measurement error" th is is modeled by a 

mixture model. Outliers, being the most extreme observations, will include the sample max imum 

or sample minimum or both, depending on whether they are ex tremely high or low. However, the 

sample maximum and minimum need not be outli ers, unless they are unusuall y far from other 

observations. Moreover, exceptionally low or high crop yields as we ll as cxtreme input va lues are 

ordinary in many crop production schemes. We particularl y expect that producti on inputs are 

influential. For instance, the level of education can influence the appropriate use of modcrn 

agricultural practices and thus indirectly increases yield leve l. The response to plowing oxen and 

human labor can al so change under greater and smaller number of cases. The impact of 

exceptional observation values (outliers) is that the least squares estimation is inefficient and can 

be biased. 

Automatic rejection of outliers is not always a very wise procedure. Someti mes the outli er is 

providing information which other data points cannot due to the [act that it arises from an 

unusual combination of circumstances which may be of vital interest and requires further 

investigation rather than rejection. As a general rule, outliers should be rejectcd out or hand only 

if they can be traced to causes such as errors in recording the observations or in setti ng up 

apparatus (Draper and Smith, 1966, pp. 76). The problem of out liers has been treated by using 

robust regression techniques (e.g. Finger and Hediger, 2007). Thus, robust regress ion method is 

applied as a means of addressing the problem of outliers/ leverage points in thi s thesis work so 

that the parameter estimates will no longer be vulnerab le as least squares estimates to unusual 

data. 

3.3.3.2: Robust Regression 

A statistica l procedure is regarded as robust if it performs reasonabl y we ll even when the 

assumptions of the stati stica l model are not true. Robust regress ion procedure generall y re fe rs to 

one that not only performs well if the population of errors is normally distributed but also is 

insensitive to small departures from the normality assumption. In the estimation of statistical 

regression models and testing the assumptions, one frequent ly finds that the assumptions are 

substantiall y vio lated. Sometimes the variables can be transformed as a means to conform the 

assumptions. Often, however, a transforma tion wi ll not eliminate or attenuate the leverage of 
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influential outliers that bias the prediction and di stort the signifi cance of parameter estimates. In 

such cases, robust regression that is resistant to the influence of outliers may be the onl y 

reasonable recourse. 

3.3.3.3: Outlier Detection: 

Outl ier detection, one purpose of robust regressIOn involves the determination whether the 

residual is an extreme negative or positive value. In the case of simple linear regression analys is, 

outliers can be detected using the scatter plot. However, this becomes impossible if the 

dimension of the problem exceeds the simple linear regression case and the number of 

observations is very large. Making use of residual plots as outlier diagnostic is a bad practice 

since residual plots might suffer from outliers (Finger and Hediger, 2007 citing Rousseeuw and 

Leroy, 1987), especiall y in the case of bad leverage points, i. e., outliers can tilt the regress ion line 

and have small regression residuals. As a result, other diagnostic tools are required to identify 

outlying or influential observations. In practical considerations, one often tri es to detect out liers 

using diagnostics from a least squares procedure. Such procedures, however, are susceptible to 

the so called masking effect since they can be affected by extreme observations so stro ngly that 

the fitted mode l will fai l to detect observations, which deviate from others. Outlier diagnostic 

procedures such as Studentized and jackknifed residuals, Cooks distances and Hat matri x 

elements also suffer from maski ng effect. Above all , in cases when two or more outliers are 

present, these outlier diagnostics may be ab le to detect only one since one outl ier can be masked 

by other(s). To avo id this effect, robust methods of outlier detection have been employed in the 

literature. 

3.3.3.4: Types of Robust Regression 

There are many types of robust regression methods. Although they work in different ways, they 

all give less weight to observations that would otherwise influence the regression line. The main 

purpose of robust regress ion is to detect outli ers and provide resistant (stable) results in the 

presence of outliers. Three classes of problems have been addressed with robust regress ion 

teclmiques: 
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• Problems with outl iers in the y-direction (response direct ion) 

• Problems with multi vari ate outliers in the x-space (i.e. , outliers in the covari ate space, 

which are also referred to as leverage points) 

• Problems with outliers in both the y-direction and the x-space. 

Methods of robust regression in response to the above problems include: least abso lute values 

regression or least abso lute deviation (LAD) regress ion, M-Estimation (Huber estimato rs and 

Bisquare estimators) and Bounded Influence Regression (least median of squares and least­

trimmed squares) . 

High Breakdown l'oint 

The robustness of an estimate against heavier data contamination is measured by its breakdown 

point, which is the largest proportion of outli ers that can occur in a sample without entailing the 

possibility of arbitraril y large bias. Since one unusual observation (outlier) is enough to influence 

the coeffic ient estimates of OLS regression, the breakdown point for OLS regression is 0%. The 

maximum possible breakdown point is 50%. This is ach ieved by the least-trimmed-squares 

(L TS) estimate and least median of squares estimate, which is the estimate that minimi zes the 

median of the squared residua ls. 

Least Absolute Deviation (LAD) Regression 

LAD regression unlike least squares regression 1111I1lmlZeS the sum of the absolute values of 

residuals in order to estimate the regression coefficients. The strength of LA D est imati on is that 

its robustness to the di stribution of the response vari able (although not with respect to the 

explanatory variable). For this reason, LAD estimates are sometimes recommended as starting 

values for iterative estimation algorithms. LAD method is especially suitable when the 

di stribution produces a large r proportion of outliers than normal or when the sample is very large. 

Though LAD regress ion is robust to outliers, it is typicall y worse than OLS fo r cases with hi gh 

leverage. If a leverage po int is very fa r away, the LAD regression line will pass through it i.e .. its 

breakdown point is also O%. 
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M-Estimatcs 

The main advantage of LAD estimates over OLS is that they are not so sensiti ve to outli ers. 

When there are no outli ers, however, OLS estimates may be more accurate. M-estimates combine 

the advantages of both methods. In the case of high leverage, the performance of M-estimates 

fa ll s down, meaning that the breakdown point is also O%. M-estimati on is a commonl y used 

method for outlier detection and robust regress ion when contamination is mainly in the response 

direction. 

Bounded Influence (BI) Methods 

Despite M estimates are more effic ient than LAD estimates; a single leve rage point can 

completely dominate the ensuing estimate. This limi tation has led to the deve lopment of 

estimates that bound the influence of any single element or row of X so that they guard against 

leverage points as well as regress ion outl iers. Furthermore, these methods, wh ich comprise least­

trimmed-squares (L TS) estimates and least med ian of squares estimates have a much higher 

breakdown point as high as 50%. However, the efficiency of Bf methods is less when the sample 

size under consideration is small. 

Least-Trimmed Squares (L TS) 

L TS regression is based on the subset of h observat ions (out of a total of n observations) whose 

least squares fit possesses the smallest sum of squared residuals. The method of L TS regress ion 

is performed as fo llows. 

2 2 
• Order the squared robust res iduals from smallest to largest, i.e. , (r )( 1)' ( r )(2:' 

2 
,(r )(h)' 

where r = V _ XTn 
I I I P 

. 
• Calculate ~ LTS ' the L TS estimates of the regress ion coefficients by minimizing the sum of 

the squared robust residuals: 
h 2 

M.in 2) ) j 
P i= l 

where h IS defined In the range: 

11 311 + K + 1 
- + 1 s; h s; and by default SAS takes h as 

311 + K + I 
(SA S Institute, 2008) 

2 4 4 

and K is the number of independent vari ables. 

35 



Above all , iterative ly reweighted least square regressIOn IS applied l'or the estimat ion of 

production function (models) considered in thi s study, using the robustreg procedure of SAS9.2 . 

The data contamination in the crop production function is mainly in the response directi on and 

hence the foll owing M-estimation method can be employed. In M-estimation, the goal is to 

choose the regression coefficients that minimize some function of the residuals. The method of 

ordinary least squares has as its so lution the coefficients that min imize the sum of squared 

residuals. Th is so lution is undesirable when the data contain outli ers, since an obscrvation with a 

large error term wi ll have a much larger effect (re lative to the other observations) on the 

estimated coefficients. 

Consider the linear regression model: Yi = Po + Plx li + . .. + PK x Ki + ' i . .. . ..... .. .......... (3 .14) 

The most commonly used M-estimates, the Huber M-estimates, Po ' PI' .... P K are the va lues of 

PO , PI , . . . , PK that minimize the function: 

.L:P(Y i - (P O + Plx il + ... + PKx iK » ..... .. ........................ . . ......... . ..... . ... . . . . . ... (3 . 15) 

{ 

.2 

wherep(E) = ' 

2 cl'l 2 - c 

if - c ,; E ,; c 
.. (3. 16) 

if £ < - c or c < ~ 

It is suggested to take c = 1.5 a- , where a- is an estimate of the standard deviation u of the 

population of random errors . 

In order to find the minimum of (3 .15), for a fixed value of a- , take the deri vati ve of (3. 15) with 

respect to PO, PI , .. . , PK and set each of them equal to zero. Th is yields K , I cquations in 

k + I unknowns: 

+ P K x iK )) = 0 ................... . .. . .... .. .... (3. 17) 

fo rj = 0, 1, .... , K, where one lets x ;o = I fo r all i. These are non-linear equations in the unknowns 

PO ,PI , . .. , PK but they can be approximated by linear equat ions as fo llows. 

Consider an iterati ve procedure 111 which 
- 0 - 0 - 0 
Po ' PI ' .. . , PK are current estimates and 

p~ , P:, ... , p ~ represent improved estimates. 
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L t , 0 (,, 0 ,, 0 ,,0 l d , I - ("01 "I ,;1 l 
e c j = Yj - "0 + "I Xjl + "' + "K XjK an £j =Y j " + "I Xjl + "' + "K ' jK . 

'( ' I l I P c· I 
In order to solve for the improved estimates, write p'('. l = [--I'- Jf. , , , 

£. , 
'(' a l 

p c j h ' Let further that W j = - , -0 -, t at IS, 

c j 

'r I' a 1 ' I E j :;; 1.5cr 

'( ' a l p c. I 
[ , 1 ' '" - a- c .. , , 

c· , 

jf I'fl > 1.5" 

Then p,(, 1 l '" W ., 1 and one can estimate equati on (3 .1 7) by the linear equations: , , , 
, I ' I ' I 

LX ij Wj [Yj - (PO + Pl xjJ + .. . + PKXjKl] = 0 .. . . . .. . . ... , .... ... . .. . ... . .. . .. . ....... . . (3.18) 

Let W be the diagonal matrix with diagonal entriesw . . Then equati on (3.17) can further be , 

expressed in terms of matrix as: XT W(Y - XP) = O. 

Where, 

• J3 is a K+ I by I vector of es timated regress ion coefficients; 

• X is an n by K + I design matri x; 

• Y is an n by I vector of response variable. 

Solving the above equati on for J3 , one ean obtain the following weighted least squares estimator. 

" T - I T J3 = (X WX) X Wy ... ................ .. .......... .. ... .... .... .. ... .... . ... (3. (9) 

The iterative reweighted least squares ean be started by setting pO the vector of least squares 

estimates. At each iterative step, the vector po of current estimates is used to ca lcu late the vector 

EO = y - Xp 0 of resid uals. Then use residuals to obtain u and weights W j' The vector p or 

improved estimates can now be computed as in equati on (3. 19). The iterat ive procedure 

continues unti l conve rgence. 
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In cases when data are contaminated in the x-space (this is what we normal ly ant icipate in thi s 

research), M estimation does not do we ll (SAS Institute, 2008). As a result. the coefficient 

estimates of the iterative reweighted least squares regressions are obtained li'om the mel hod or 

least trimmed squares (LTS). Since the effici ency of L TS estimation is low, the esti mates 

obtained from this method can no longer be reliable and hence L TS esti mation is only used as a 

means of outli er detection. Consequentl y, the fina l estimates of parameters are obtained from the 

weighted least squares fit in which we ights can be determined as follows. 

Upon employing the method of iteratively reweighted least squares using L TS estimation, the 

diagona l elements of the weighting matrix (W = diag{w I , ... W h }) are generated by an indicalo r 

function, IOllt1icr: 

r. 
= I olltlier [ 

I 
W. 

I aLTS 

S 3.0 ] ............... ..... ...... ..... . ....................... . .. .. ......... .... .. . (3. 20) 

where, 

• aLTS is the sca le estimate which can be obtained as follo ws. 

aLTS = dh , n 

I h 2 
- L r(.) and d I is chosen to make (; LTS consistent assuming 
h i = I I " n 

a Gaussian model. Specifically, 

2n 
1 - <p(l /ch ) and c

1 he ' n 1, n 
h, n 

d h, n = 
- 1 h + n 

<I) (--) 
211 

With q) and 'I' being the distribution function and the density function of standard norl11al 

distribution , respectively. 

• r· is the residual obtained from L TS estimation. 
I 

• The above indicator function generates weights of zero for observations that are 

identified as outliers and weights of one othe rwise . 
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• The cutoff value 3 is chosen (i'om the fact that if the res iduals are normall y 

distributed, then roughly 99% of the standardized residuals wi ll li e in the interval 

[-3.0,3.0) 

Finally, the coefficient estimates for weighted least squares are obtained with the he lp 01' 

equati on (3.19) and these estimates are considered further for the interpretation of the fi nal 

model. 
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CHAPTER FOUR 

4. RESULTS AND DlSSCUSSION 

This chapter presents the stati stical data analys is with detail discuss ion including descripti ve 

analysis of the characteri stics of inputs and output for crop production function. The desc ri ptive 

analysis here is to summarize the overall records of each of the vari ables incorporated in the 

research before a full examination of the production functions proposed in the prev ious chapter 

using robust regression methods. The statistical package used for data ana lys is is SAS 9.2. 

4.1: Description of the Study Variables: 

The inputs and output characteristics of crop production for each region considered in thi s study 

are summarized in Table 4 .1 and Table 4.2 below. The average amounts of crop production by 

private peasant holdings of Tigray, Amhara, Oromia and SNNP regions in the surveyed year 

were 17.36; 22.02; 32.89 and 30.74 quintals respcctivcly with respective mean agricu ltura l land 

areas of 1.24; 1.49; 2.22 and 1.25 hectares used fo r production. Despite the mean crop land 

owned by private peasant holdings in SNNP region was less than Amhara rcgion and nearly the 

same as Tigray region, the above results show that the average crop production (yield) per 

peasant was the highest in SNNP region fro m among the three. This further indicates that average 

productivity was higher in SNNP region compared to Amhara region with a given mean area of 

crop land. The above results also imply that farmers in each region owned very small areas of 

agricultural land in which the mean area was less than 1.50 hectares at each of the regions except 

Oromia and thi s probab ly brought about the small mean crop yield per peasant in general. Table 

4. 1 also shows that the coefficients of variation (CVs%) fo r crop yield in Tigray, Amhara, 

Oromai and SNNP regions were 64.86; 65.85; 57.09 and 77.62 respecti ve ly so that the yield data 

were high ly variable in SNNP region while they were the most stable in Oromia region. The 

max imum amount of crop yield in quintal s was recorded at SNNP region whereas the minimum 

was at region Tigray (see Table 4.1). Although the minimum area of agricultural land in hcctare 

was almost the same at each region, the maximum being at Oromia region was exceedi ngly the 

highest as it is revealed in Table 4.1. 
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Table 4.1: Summary statistics for continuous predictors and the dependent vari ab le of crop 
production function in each region 

ion Variable 
Education 

Family size 

Tigray Fertilizer 

Number 
of cases Minimum Maximum 

o 12 

I II 

0 .00 335 

2.50 425 

0.03 6 

0.17 34.75 

Mean 
Std.' 

Median Deviation 
1.00 2.2 8 

3.00 1.87 

30.44 4 1.31 

69. 79 71.67 

1.02 0.86 

9.79 11.26 

CV%' 
99.56 

55 

91.76 

81.38 

69.35 

64 .86 

Weight of seed 

Area of land 

Production 

Number of oxen 

1676 

1676 

1676 

1676 

1676 

1676 

1676 o 6 

2.29 

3.4 

45.04 

88.07 

1.24 

17.3 6 

1.74 2.00 0. 75 43 .1 

~-------------------------------------------~----~~ 
Education 

family size 

Amhara Ferti li zer 

Weight of seed 

Area of land 

Production 

Number of oxen 

6157 

6157 

6157 

61 57 

61 57 

61 57 

6 157 

o 12 

12 

0.00 7 10 

3.00 625 

0.26 8.25 

1.007 

o 
45 .5 

9 

I. 81 

5.21 

56. 19 

110.3 

1.49 

22.02 

1.5 

1. 00 

5.00 

40.00 

72.84 

1.26 

14 06 

1.00 

1.93 

2.05 

99 .52 

121.98 

1.08 

14 .39 

0.87 

~---------------------------------------- -------
Education 

Family size 

Oromia Fertil izer 

Weight of seed 

Area of land 

Production 

Number of oxen 

637 1 

637 1 

637 1 

637 1 

6371 

6371 

6371 

o 

0.00 

1. 00 

0.05 

1.1 4 

12 

13 

550 

600 

11.67 

60. 5 

12 

2 .87 

6.04 

125. 8 

164.6 

2.22 

32.89 

2 .03 

1.00 

6 .00 

90 .00 

133.00 

1.89 

17.7 1 

2.00 

~----------------------------------------

SNNP 

Education 

f ami ly size 

Ferti li zer 

Weight of seed 

Area of land 

Product ion 

Number of oxen 

8084 

8084 

8084 

8084 

8084 

8084 

8084 

o 

0.00 

1. 00 

0.05 

0.86 

o 

12 

14 

658 

681.6 

10 .35 

66.43 

14 

2 .76 

4.79 

27.04 

45 .14 

1.25 

30. 74 

0.85 

1.00 

4 .00 

15.65 

25.00 

0.93 

16.34 

2.00 

3.17 

2.4 

115.72 

127. 18 

1.52 

18.78 

1.09 

3.07 

2.33 

45.98 

60.11 

1.56 

23. 86 

1.42 

106.63 

39.35 

177. 11 

I 10.59 

72 .48 

65.35 

58 

110.45 

39.74 

91.99 

72.27 

68.47 

5709 

53.69 

1 11.23 

48.64 

170 .04 

133.16 

124.8 

77.62 

167.06 

Peasants at each region completed an average of less than 3 years of schooling; the highest being 

12 complete 111 all cases (Table 4.1). This indicates that farmers were relatively of low 

3 Std .: represents stan dard 

4 CV%: represents percentage of coeffi cient of variation 
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educationa l status with mean level attai ning below second cycle primary educati on (grades 5 - X). 

Table 4.1 also revea ls that the mean value of weight of seed employed in Kg was the hi ghest at 

Oromia region ( 164.64 Kg) but the lowest was observed at SNNP region (45. 14 Kg). Y ct the data 

on weight of seed employed in Kg were highl y stab le at Oromia region fro m among the enti re 

regions since the CV% for weight of seed employed in Kg at Oromia region was the minim um 

(72.27). This implies that farmers in Oromia region applied relati vely uniform amounts o f seed as 

compared to fa rmers in the remaining regions. On the other hand , the data on weight of" seed 

employed in Kg were high ly variable at SNNP region, which further indicatcs that some peasants 

in the region app lied high amounts of seed while others app li ed relati vely smal l Crable 4. 1). 

[n terms of the mean amounts of fertili zer employed in Kg that are given in Table 4.1, Orom ia 

region took the highest (1 25.79 Kg) compared to the remaining regions. On the other hand , the 

lowest mean amount of ferti lizer employed in Kg was corresponding to SNNP region (27.04 Kg). 

Thi s by and large indicates that fanners applied small amounts of fe rtil izer in the ir crop 

production process . Furthermore, the values of coefficients of variation given at Table 4.1 reveal 

that the amounts of fertilizer used in Kg were greatly variable within peasants at Amhara region 

(CV% = 177. 11 ) in which some of the peasants used high amount while others used small or not 

at al l. Whereas, the data on amo unts of fertili zer applied in Kg were relati vely stable at Tigray 

region (CV% = 9 1. 76), indicating that farmers in Tigray region used rel ati vely similar amounts 

of fertili zer than farmers in the other regions. 

Although the median number of individuals per household was greates t at Oromia region (6 

persons), the maximum number of individuals in a househo ld was observed at SNNP region ( 14 

persons). Additiona ll y, the values of coefficients of vari ation for number of indi vidua ls in a 

househo ld show that, the data were relatively stable at Amhara region (CV% = 39.35), whic h 

indicates comparati ve ly uniform fa mil y size per household. The max imum num ber of plowing 

oxen owned by a peasant was observed at SNNP region ( 14 plowing oxen) fol lowed sequenti all y 

by Oromia ( 12), Amhara (9) and Tigray (6). The median number of plowing oxen owned by a 

peasant as indicated in Table 4.1 was small at each region in which it did not exceed two in an y 

of the regions. This shows that number of plowing oxen, which is generall y beli eved as being one 

of the most important inputs of crop farming in Ethiopia, was not fairl y adequate. Moreover, the 

data on number of plowing oxen were great ly variable with coefficient of variation 167.06% at 
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SNNP region, which reveals that some of the peasants owned greater number of plowing oxen 

while others possessed few or zero (see Table 4.1 for detail) . 

Table 4.2: Summary of dummy variab les included in each region producti on function 

Region 
Tigray Amhara Oromia SNNP 

Variable N Percent N Percent N Percent N Percent 
<- . ' F-~-""~ ~ .- -.... ~ ~;;.,; . . - - .. - -. -. - -- ..---~ - . --- .--------.--

Extension Yes 862 51.4 2792 45.3 4068 63.9 5050 62.5 

Contact No 814 48.6 3365 54.7 2303 36.1 3034 37.5 

Total 1676 100 61 57 100 637 1 100 8084 100 

Irrigation Yes 717 42.8 2498 40.6 2392 37.5 3415 42.2 

Applied No 959 57.2 3659 59.4 3979 62.5 4669 57.8 

Total 1676 100 6157 100 637 1 100 8084 100 

Crop damage Yes 1107 66.1 3721 60.4 3950 62 5152 63.7 

No 569 33.9 2436 39.6 2421 38 2932 36. 3 

Total 1676 100 61 57 100 6371 100 ~OR4 100 

Land Private 11 67 69.6 4541 73.8 4552 71.4 5556 68 .7 

Ownership Rent/ 
type Leased 509 30.4 1616 26.2 1819 28.6 2528 3 1. 3 

Total 1676 100 6157 100 6371 100 8084 100 

Generally speaking, more than half of the peasants in each of the regions except Amhara (only 

45.3%) had extension contacts (see Table 4.2) . Inspection of Table 4.2 al so shows that the 

proportion of peasants, who applied irrigation, was generall y low in each of the regions from 

which the highest proportion being observed at Tigray region (42.8%). Although Eth iopia has a 

good potential for developing irrigation, the above results indicate that irrigation was not highl y 

practiced by peasants in each region. Perhaps, thi s is partly because irrigation requires a long­

term effort and substantial investment, which is unlikely to implement it at the private peasant 

level owing to shortage of technical and financial resources. The descri pti ve resu lts given above 

also reveal that the proportions of private agricultural land ownership by fann ers in each region 
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were high as compared to rented andlor leased agricultural land. Though Ihc mcan size of crop 

land was generally small , the results in Table 4.2 reveal that most of the peasants owned 

agricultural land. In addition, the results in Table 4.2 show that crop damage was genera ll y high 

in each of the regions. This probabl y led to minimum crop yield per peasant at each of the 

regIons. 

4.2: Associations of the Dependent and Independent Variables 

The correlations between each of the predictor variables and the response variab le were 

performed using the Pearson's correlation coefficient. This was done in order to check whether 

there is significant association between the dependent variable and each of the predictors prior to 

considering the complete production fu nctions. The correlation matrices, which are d isplayed in 

Annex A reveal that each of the predictor vari ab les except education had a highl y signi fi cant (p < 

0.000 1) positive correlation with the response variable. In fact, the education variable at the 

SNNP region had a high ly significant (p < 0.0001) positive corre lation wi th the response 

variable. The education variab le for Tigray region had no statistically signi fi cant correlation wi th 

the response at the 5% leve l of signifi cance. However, the same vari able for Amhara and Oromia 

regions had a stati stically significant (p < 0.0 I) positive correlation with the response variable. 

Though correlation coefficients greater than 0.80 were observed for Tigray region among fCw 

predictor variables, i.e. in between family size, crop area and weight of seed . the correlation 

matrices reveal that the associations between each pai r of predictor variables were not gene rally 

high in each ofthe regions. 

4.3: Production Function Estimation Results 

Since it may be difficu lt to accomplish other regression techniques such as robust regression 

without at least implicitly invo lving OLS regress ion, the OLS estimation results are presen ted. 

Owing to the di stinctness of parameter estimates (both in signs and va lues), the estimates o f 

production func tions for each of the regions was found to be different frolll region to region. As a 

result, the stati stical model fitted for each region is presented separately. 
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4.3.1: Ordinary Least Squares (OLS) Estimates 

The OLS estimates and related stati stics for each of the regions except Oromia region production 

function are reported in Almex B. For the sake of providing general insights on estimation and 

further consequences, the OLS estimates for Oromia region crop production function are 

presented in this section. In all cases, the F test results confirm that the models were statistically 

highly significant (p < 0.0001). On the other hand, a cursory examination of OLS resu lts reveals 

that some of the parameter estimates were inconsistent with theoretical expectat ions. In add ition, 

the confidence intervals for each of the parameter estimates were genera ll y wider and the 

standard errors were also large. These co llectively promoted the coefficient estimates for some of 

the important variables to be statistically insignifi cant. 

Table 4.3: ANOYA and model summary for Oromia region crop production fu nction 

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

Model 10 t 547.87370 t 54.78737 562.66 < .0001 

Error 6360 t 749.68430 0.27510 

Corrected Total 6370 3297.55800 

Root MSE 0.52449 R-Square = 0.4694 Durbin-Watson 0 = 1.842 

. Dependent Mean 3.28340 Adj R-Sq = 0.4686 

CoeffVar 15.97399 

Table 4.4: OLS parameter estimates for Oromia region crop production function 

Parameter Standard 
Estimate Error 95% Confidence 

Variable Label DF Value Pr > It I Limits 
VIF 

. Intercept Intercept 2.37315 0.05662 41.91 <.0001 2.2622 2.484 15 0.0000 

LEDUC Log of educalioll 0.0 1294 0.00963 1.34 0.1790 -0.0059 0.03182 10182 

LHS Log of fa mily size 0.04968 0.02128 2.34 0.0196 0.0079 0.09139 11 23 0 

LFERT Log of fertilizer 0.05862 0.00880 6.66 <.0001 0.0414 0.07588 1.6867 
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Parameter Standard 
Estimate Error t 95% Confidence VIF 

Variable La bel DF Value Pr > It I Limits 
LWT Log of seed in Kg -0.11 250 0.01065 -10. 57 <.0001 -0.1 334 -009163 2.0248 

LAREA Log of crop area 1.04057 0.02374 43.84 <.000 1 0.9940 1.08710 1.8779 

LOX Log of oxen 0.00380 0.02772 0. 14 0.8909 -0.0505 0.058 15 1.3444 

EXT2 Extension= I -0.08659 0.01 558 -5.56 <.000 1 -0.11 71 -0.05604 1.0586 

IRRIG2 Irrigation= I -0.00824 0.01 515 -0.54 0.5865 -0.0379 0.02 146 1.0 161 

DAM2 Damage= 1 0.00898 0.01 508 0.60 0. 551 5 -0.0208 0.03853 1.0 I 12 

OWN2 ownership= I 0.00824 0.0 1615 0.51 0.6098 -0.02 34 0.03991 1.0050 

According to OLS estimation, the proportions of variation explained by the includcd explanato ry 

vari ables in the crop production functions for Oromia and SNNP regions wcre less than 50% 

(R2< 0.50) of the total variations . Though not statisticall y significant, the coefficicnt estimate fo r 

the education variable in Tigray region production functi on rece ived a sign diffe rent from 

expected a priori. The OLS estimate of ex tension contact vari able in Oroll1ia region was 

unexpectedly negative. Also the coefficient estimates for the variab le number o f plowing oxen 

were found to be statistical ly insignificant in Amha ra and Oromia regions. Although not 

statistically signifi cant, the OLS estimates of irri gation vari able in Tigray. Amhara and Orom ia 

regions had signs different from theoretical expectations. These justifications suggested that OLS 

estimation could not be the pre ferred method to express the actual input-output relationships. As 

a result, stati sti cal model diagnostics and checking was performed in order to identi fy which 

stati stical assumptions were vio lated and accordingl y go through the possible remedial measures. 

4.4: Statistical Model Diagnostics and Checking 

In any regression analysis, mode l diagnostics is an integra l part that should be done pnor to 

coming up to the final mode l for interpretation. As it was proposed in the methodology section of 

th is thesis work, three di stinct production functions (models), namely the linear, exponenti al and 

Cobb-Douglas were thoroughl y assessed using crop production data of each study region. For 

simpl icity as we ll as step by step method of model diagnostics and checking, the model be ing 

considered first was the linear production function (see equation 3. 2). Accordingly, the linear 
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model was fi tted and diagnosed for the statistical assum ptions behind it. Upon employing the 

linear model, almost all the assumptions of linear regress ion, which werc stated in the 

methodology section, were violated in many of the regions production functions except the 

assumptions of no autocorrelation and no multicollinearity. This is of course in line with the 

general literature on production function in such a way that the linear production function is not 

mostly recommended as viab le alternative. 

Consequently, various mathematical transformations (the log, square root and quadratic) wcre 

made to at least make the assumptions of linearity, normality and homogeneous variance true. 

From among these transformations the log form was preferred to others for its outperformance in 

response to the violated assumptions, ease of interpretation and conformity with the proposed 

models. Whenever the response variable in the linear production function of each region is 

transformed to log scale and keeping the predictors as they are, the model becomes an 

exponential production function (see equation 3.5). In thi s model , the plot of residual s versus 

predicted value revealed that heteroscedasticity has decreased to a certain ex tent and the model 

approached to retain linearity, but yet the problems of extreme observations were high ly 

identified. Therefore, further transformations were mandatory in order to possibly alleviate the 

problems of heteroscedasticity, non-linearity and outliers. As a result, the transformations bei ng 

made were taking the log of each predictor variables , considering cross prod ucts of predicto rs, 

including polynomials of predictors, incorporating square root and cube roots of predictors. 

Comparable to the reason described above, the log of the response variable regressed on logs of 

each predictor variable was chosen. That is, the transformations of the dependent and explanatory 

variables led to the log form of Cobb-Douglas production function (see equation 3.4). Though 

these transformations did not lessen the problem of outliers, they helped to further minimize the 

visible heterogeneity of error variances and hence led to near linearity. Additionally. the va lues 

of coefficient of determination (R2) had come to be higher in the log transformed cases of both 

predictor and response variables. In view of the above explanations, the Cobb-Douglas model 

was chosen for further investigation of crop production nmctions at each of the regions. 

Therefore , all the assumptions discussed in the previous chapter, were checked for the log fo rm 

of Cobb-Douglas model (see equation 3.4). The statisti cal assumption of no multico llinearity was 

verified using the values ofYIFs. The values ofYIFs, which are di splayed at the final co lumns of 
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Table 4.3 , Table 8 2, Table 84 and Table 86, were each less than 10, which confirm that 

multicollinearity was not severe in each of the regions crop production functions. Checking lor 

the existence of autocorrelation between random di sturbance terms in each region's product ion 

function was made by using the Durbin-Watson statistic. The Durbin-Watson stati sti c estimates 

for the OLS regression of regions Tigray, Amhara, Oromia and SNNP were 1.8 1, 1.78, 1.842 and 

1. 768 respective ly. Since all these values are hovering around 2, the error components were not 

autocorre lated. The normal quantile-quantil e plots of each region' s production fu ncti on, which 

are di splayed in Annex C confi rm that the assumption of normality was not sati sfied for the log 

fo rm of Cobb-Douglas model. Th is is perhaps due to the fact that the data suffe red from outlying 

cases, wh ich made the di stribution skewed. The plots of unstandardi zed residuals obtained from 

OLS versus predicted va lues, which are given in Annex D suggest that the variances of the error 

terms were not homoscedastic and also the linearity assumption was not stri ct ly sati sfied. 

Addi tionally, the ex istence of outliers and leverage points were checked by the method of least 

trimmed squares (L TS) regression. The results based on LTS indicate that many outlying cases 

were available in each of the regions production data (see Annex E). There fo re, a fu rther test lor 

heteroscedasticity was made using the modified Goldfeld- Quandt (MGQ) test to check whether 

real heteroscedasticity was present or the errors seemed heteroscedadstic due to outliers. 

Ho: The error variance is homogeneous 

HI : The error variance is heterogeneous 

a = 0.05 

T a ble 4.5-MGQ Test Results: 

RcO'ion 
Tigray Amhara Oromia SNNP 

Number of cascs(n) 1676 6157 637 1 8084 

C 176 257 371 484 

MSDR2 0.09 17 0. 10 17 0. 168 13 0.3831 

MSDRI 0.0868 0.0973 0. 1660 0.4 128 

MGQ 1.0565 1.0452 1.0127 0.9281 
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x variable Family size Plowing oxen Fertili zer Fam il y size 

Fcrit ( a = 0.05) 1.1 287 1.0626 1.0620 1.0549 

. Note that Fcrit(u - 0.051 is the tabulated val ue of F stat istic with numerator and denominator degrees of freedom 

each of (n-c-2x11)/2. 

The above MGQ test results of each region error components, with detai ls given in Annex F, 

indicate that the error terms in each of the regions production nmctions were not heteroscedastic. 

Furthermore, the graphs of un standardized robust residuals versus predicted va lues veri fy that thc 

errors were not heteroscedasti c (see Annex G). Above all , the graphs di sp layed in Annex G 

indicate that the linearity assumption was sati sfi ed afte r the robust regression was used. Fina ll y. 

the assumption of normality of error terms was assessed after the robust reg ress ion. The QQ pl ots 

given in Annex H indicate that the assumption of normality was achieved after robust regression 

was done. Therefore, the ro bust regress ion estimates, which were taken as final model esti mates 

are presented as follows. 

4.5 : Robust Regression Estimates 

The estimates for the parameters of production functions and associated stat istics fo r each region 

using robust regress ion methods are given below. The ex istence of outliers was a central prob lcm 

in the cred ibility of parameter estimates using the method of OLS regression. Therefore, the 

regression equations were re-estimated using robust methods in order to adj ust the effects of 

outlier problem. In the vein of the results obtained from robust method, the R2 values (summary 

measures for overa ll goodness of fi t) were greater, the standard errors of the coeffic ients were 

smaller and the coeffi cient est imates in genera l were found to diffe r from that of OLS methods. 

Additiona lly, the confidence intervals for each of the parameter estimates have come to be 

narrower than those obtained from OLS. Thus, these confirm that the OLS estimates were 

misleading due to the occurrence of outli ers and! or leverage points. 

Because of its robustness and efficiency properties, the reweighted least squares based on an 

analysis of least trimmed squares (L TS) residuals regression was applied fo r re-estimating the 

parameters in the production functions. The re-estimated production fu nctions of each region 

adjusted for outlying cases are given hereunder. 
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Table 4.6: Parameter estimates and assoc iated statistics for final WLS fit in Tigray region 

Standard 95% Confidence Chi- Standardized Beta 
Parameter DF Estimate Error Limits Square Coefficient 
Intercept 0.9329 0. 1055 0.726 1.1397 78.13 ' 0.0000 

Ln Ed uc -0.0259 0.0203 -0.0656 0.0138 1.63 -0.0 176 

LnFc r 0.0486 0.0135 0.0221 0.075 1 12.9* 0.0556 

LnWt 0.07 18 0.029 0.0 15 0. 1287 6.13** 0.0675 

LnOx 0.1348 0.0444 0.0477 0.22 19 9.2* 0.0437 

LnAr 1.735 0 .0845 1.5694 1.9006 421.5' 0 .74 18 

LnHs 0.1273 0.0293 0.0699 0 . 1848 18.88 ' 0.0598 

Ext 0.0357 0.0193 -00022 0 .0736 3.40** * 0.0222 

Irr -0. 01 25 0.0225 -0.0565 0.03 15 0.3 1 -0.0077 

()am -0.0687 0.0269 -0. 1215 -0.0 159 6.51** -0.040·1 

OWIl -0.006 0.024 -0.0531 0.041 1 0.06 -0.0034 

Sca le 0 0.4446 

Note • = sign ificant at p < 0.01; ** = significa nt at p < 0.05; and *** = significant at p < 0.1 

R2 = O.7 1 09I~ = 2.1175 

Table 4.7: Parameter estimates and associated statisti cs for final WLS fit in Amhara region 

Standard 95% Confidence Chi- Standardized Beta 

Parameter DF Estimate Error Limits Square Coefficient 

Intercept 1.3456 0.046 1 1.2553 1.436 852.07* 0.0000 

LnOx 0.0373 0.01 78 0.0204 0.0722 4.39*· 0.0157 

LnAr 1.3585 0.0247 1. 3 I 1.407 3014 .96* 0.5918 

LnFcr 0.0571 0.0037 0.0498 0.0645 232.66* 0.1454 

LnHs 0. 1056 0.0213 0.0638 0.1474 24.49* 0.0425 

LnWt 0.02 12 0.0081 0.0052 0.037 1 6. 79* 0.0259 

LnEduc -0.023 1 0.015 -0.0525 0.0063 2.36 -0.0123 

Ext 0.0254 0.0157 -0 .0053 0.0561 2.63 0.0145 

Irr -0.0071 0.0143 -0.035 1 0.0208 0.25 -0.0039 

Dam -0 .0616 0.0283 -0. 11 72 -0.0061 4.74** -0.0344 

OWIl 0.0199 0.0 158 -0.0 III 0.0508 1.58 0.0100 

Sca le 0 0.5 35 1 

Note' = significant at p < 0.01; •• = significant at p < 0.05; and **. = significant at p < 0.1 
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Table 4.8: Parameter estimates and associated statistics for final WLS fit in Oromia region 

Standard 95% Confidence Chi- Standardized Bcta 
Parameter DF Estimate Error Limits Sg uare Coefficient 
Intercept 2.4652 0.0536 2.3 60 1 2.5703 2 114 .02* 0.0000 
LnEd uc 0.0 18 1 0.0091 0.0003 0.0358 3.96** 0.0192 
LnHs 0.0497 0.0201 0.0 104 0.089 6.14** 0.0250 
LnFcr 0.05 16 0.0084 0.0352 0.068 37.99* 0.0769 
LnWt -0. 1283 0.01 -0. 148 -0.1086 163 .17* -0 .1735 
LnA .. 1 025 1 0.0226 0.9809 10693 2064.2 8* 0.5986 
LnO. 0.0479 0.026 1 -0.0034 0.0991 3.35*** 0.0203 
Ext -0.0934 0.0147 -0.1222 -0.0646 40.43* -0.0624 
Irr 0.004 0.0143 -0.024 0.032 0.08 0.0027 
Dam 0.0034 0.0 142 -0.0245 0.03 13 0.06 0.0023 
Own I 0.0053 0.0152 -00245 0.0352 0. 12 0.003 3 
Scale 0 0.5443 

Note * = significa nt at p < 0 .01; ** = significant at p < 0.05; and *** = signi fi cant at p < 0 .1 

R2= O.5 193 L~ =1.0641 

Table 4.9: Parameter estimates and associated statistics for final WLS fit in SNNP region 

Standard 95% Confidence Chi- Standardized 
i 

Parameter DF Estimate Error Limits Sgua re Beta Coefficient 
Intercept 1.3 236 0.0599 1.2062 1441 1 487.66* 0.0000 
LnHs 0.7804 0.Q25 0.73 13 0.8294 972.67* 0.3088 
LnFcr -0.0046 0.011 7 -0.0275 0.0182 0.16 -0.0068 
LIlWt -0.1 194 0.0441 -0.2058 -00329 7 ...,.,* ." -0.1344 
LIlAr 0.6 102 0.0267 0.5578 0.6626 521.12* 0.245 1 
LII O. 0.1 182 0.023 0.0731 0. 1633 26 .36* 0.0627 
LIlEd uc 0.0842 0.0 13 0.0587 0. 1096 4 1.89* 0.0602 
Ext 0.0513 0.0204 0.0 11 4 0.09 13 6.33** 0.0233 
Irr -0.0303 0.024 -0.0774 0.0168 159 -0.0140 
Dam -0.0682 0.0259 -0.119 -0.0 174 6.93* -0.Q308 

, Own I -0.0524 0.0251 -0. 10 17 -0.0031 4.34** -0.0228 
Sca le 0 0.858 

Note * = signifi cant at p < 0.01; ** = significant at p < 0.05; and *** = sign ifi cant at p < 0. 1 
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R2 = 0.5328 IP = 1.4736 

where, 

• Ln = the natural logarithm of a quantity; 

• The dependent variable is Ln of production in quintal s per peasant; 

• Hs = the total number of individuals per household ; 

• Ox = the total number of plowing oxen a househo ld own; 

• Ar = Area of agricultural land in hectares; 

• Fer = Amount of chemical ferti li zer employed in kilogram; 

• Wt = Weight of improved and/or non-improved seed employed in Kg; 

• Educ = Education (highest grade) attained by the head of the household; 

• Ext = Dummy variable scoring I for farmers having extension contact and 0 otherwise; 

• Irr = Dummy variable scoring I for fanners who app li ed irrigation on their farms 

and 0 otherwise; 

• Dam = Dummy variable scoring I if there was any crop damage and 0 otherwise; 

• Own = Dummy variable scoring I ifland ownership type is private and 0 if 

land ownership type is rent/ leased; 

• L ~ is the sum of coefficient estimates for continuous pred ictor vari abl es (variablc inputs). 

4.6: Discussion and Interpretation of Regression Coefficients 

As indicated earlier, the occurrence of outliers was the major problem in each of the reg ions 

production data. I-Ience, the iterativel y reweighted least squares using LTS res idual s regression 

(robust regression) was applied as a means of handling thi s problem. Regression analys is 

indicated that number of stati sticall y significant parameters vari ed among the regions considered 

in this study. However, the F-test resu lts showed that overall regression models for each region 

were stati sticall y significant. The estimated production functions were able to tit the observed 

data reasonably well at each region as suggested by R2 greater than 0.50 in that over 50% of the 

variation in crop production was explained by the included explanatory variables . This 
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performance is good; however, model improvement can be ac hieved through incorporation or 

variables, such as farmer ability and precipitation. In most of the study regions, area or 

agricultural land, we ight of seed employed, number of plowing oxen and number of indi viduals 

per household variables were stati stically signifi cant (these results are consistent with Addis e\. 

ai, 2001 ; Weir and Knight, 2000; Yao, 1996 and YohalUles and Coffin, 1993). The stati sti ca l 

significance of such coeffic ients in the estimated production functions indicates that these 

variables were the most s ignificant inputs in crop productions and require spccial attention. 

The production function estimation results in Tigray region showed that an increase of one 

percent in the average number of individual s per household wou ld result in a 0.1 3 % increase in 

the average crop yield while all other variables were held constant. An increase in one percent of 

the average crop area in hectare had contributed for a 1.74% increase on the average crop yield 

keeping the remaining variables fi xed. The output response to a I % increase in input due to 

number of plowing oxen was 0.13%, indicating that the con tribution of num ber o r plowing oxen 

for yield maximization was not high. This is partly because the average number of plowi ng oxen 

owned by each private peasant was few (less than 2 on average). Also the coefficient estimates 

for the variables fertilizer and seed were stati stically significant implying that crop yield 

increases wilh increasing the amount of thesc inputs. A 10% increase in the amount of ferti lizer 

resulted in a 0.49% increase in crop yield. Moreover, the estimated coefficient of educati on 

variable in Tigray region was not statistically significant. The implicati on is that farmers in the 

region could no longer use their skill s obtained from education for the crop prod uction system . 

This was of course related to their low leve l of education (the mean grade level was less than 

three). 

Furthermore, the standardized beta coefficients indicate that areas of crop land followed 

sequentially by weight of seed, labour force participation (number of indi viduals per household), 

ferti lizer employed and plowing oxen had many contributions for the maxi mizati on of crop yield 

per household in Tigray region. 

The estimated coefficients for the variables extension contact and crop damage entered as 

dummy variables were stati stically signi ficant. The coeffici ent estimate for the variable ex tension 

contact being positive, suggests that the amount of crop yie ld was higher 1'01' farmers who were 

included in the agricultura l ex tension programme than [or those who were no\. However, the 
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coefficient estimate for the variable crop damage, -0.0687 indicates that the ex pccted percentage 

decrease in crop yield by fanners who faced crop damage was 6.87%. In other words, thi s result 

implies that farmers, who faced crop damage, produced about 6.87% less than those who did not 

provided the other variables were the same for each of the farmers in Tigray region. 

Above all , a number of conclusions can be drawn based on the Reweighted Least Squares (RLS) 

regression estimation results of Tigray region crop fa rms. Firstly, crop production is mainl y 

determined by three major factors: agricultura l land, human labor and seed. Secondl y, fcrtilizer 

and oxen power had stati stically significant effects on crop production, an indication that crop 

production is also dependent on number of plowing oxen possessed per househo ld and fe rtili zer 

in addition to the above three major factors. Finally, peasants who had no crop damage in their 

farms produced a greater amount of crop than those who had faced crop damage; thi s is in turn a 

condition that may lead to the minimal crop yield in the region due to the fact that crops are 

continuously damaged by some natural or artificial disasters. 

All the coefficients in the robust regression estimation of Amhara regIon had the expected a 

priori signs except the variables education and irrigation. The standardi zed beta coefficient for 

area of agricu ltural land (0.59 18) was the highest compared to others. This reveal s that crop 

production was highly dependent upon the area of agricu ltural land in the region. Fixing the 

effect of other variables the same, the coefficient estimate of 1.3585 with respect to crop yield 

implied that a I % increase in area of agricultural land would lead to an increase of 1.3585% in 

the crop yield. Similar resu lts were obtained for the variables oxen power, fertilizer, seed and 

human labour to positively affect crop yield in the region. From among the coenicient esti mates 

of these variables, the contribution by fertilizer was the highest (standa rdized beta coefficient = 

0.1454) fo llowed sequentia ll y by human labour, seed and plowing oxen. Thus, these entail that 

these variables among others were playi ng a pivotal role for increas ing crop yield. Particularly, 

the significance of inputs such as fertilizer is deri ved from the fact that fel1ili zer is the major land 

augmenting input that increases crop yie ld by improving the fertility and product ivity o f the 

agricultural land. 

The estimated coefficient for education variable had no statisticall y signifi cant effect on crop 

yield in Amhara region. The non sign ificance of this variable was attribu ted to the proportion and 

level of education, i.e. , only few farmers were educated and even from among those the level of 
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educat ion did not on average exceed grade 2. There was a stati stica ll y significant (p < 0.05) 

negative relation between the crop damage variable and crop yield in the Amhara region crop 

farms. The coefficient estimate of -0.0616 revea ls that farmers who faced crop damages produced 

6. 16% less than those who did not keep ing other factors constant. However, the estimated 

coefficients for variables irrigation and extension had no stati sti ca ll y sign ificant contribution for 

crop yie ld. This is in fact in line with the descriptive results (less than 50% of the farmers used 

irrigation and had extension contacts) . 

The coefficient estimate for area of agricultural land in Oromia region was positive and 

stati stically highl y significant (p < 0.0 I), which suggests that area of agri cultura l land afrec ted 

crop production positively. Holding other factors fi xed, a I % increase in the area of agricultura l 

land wou ld induce an increase of about 1.03% in crop yield. Similarly, the contribut ions of 

fe11ili zer, education and oxen power to crop production were stati stically significant, though the 

sizes of the coefficients were very small, i.e. less than 6% of total crop production was explained 

by either of the three. The positive and significant effect of education variable indicate that 

farmers who had more year of formal education tend to produce more amount of crop per 

hectare, presumably due to their enhanced ability to acquire technical knowledge , which 

tacilitated them focus on the best input output combination. Besides, farmers who had some leve l 

of education respond readi ly to the use of improved technology such as application of fertili zer, 

use of pesticides and improved planting materials. 

The coefficient for weight of seed was negative and statisti cally significant at the I % level in 

Oromia region, indicating that increasing in weight of seed decreased crop yield. Thi s was 

perhaps due to the fact that yield of crop increased proportionately with increased in weight o r 

improved/non improved seed up to certain level but started declining afterward s. The other 

possible reason is that farmers in the region may mostly applied non-improved seed in such a 

way that the crop yield may not increased with increasing seed quantity. 

Though the sign for extension contact variable was negative, it had stati sticall y significant (p < 

0.01) contribution for crop production in Oromia region. This sign fo r extension contact variable 

was consistent with the descripti ve result for which the mean crop yield by peasants who had 

extension contacts was smaller (30.69 quintals) than those who had no extens ion contacts (mean 

crop yield of 36.79 quintals). This was perhaps re lated to the fact that the agri cultural extension 
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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 

: ." 

-, ....... ~" .... " H" .. .. u. •• III" 

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 

'I' ': •• , ..... 

. ~ ... 
. ,.. : . 

. ; '" ',I', 

. ,', 
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,. ,.. ~., , .. .:. Ut ... . ;, ." ... " P, . . .... v ... . 

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 

74 



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 
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