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Abstract 

The study viewed the impact of non- fann income on income inequality m rural Tigray by 

decomposing the rural households income in to fann mcome, non- farm income, remittance, 

rental income and other incomes, 

As a method of data analysis, the study used Gini- decomposability technique and Probit 

regresslOn, 

The result indicated non- fann income particularly of wage employment as inequality reducing 

income source; implying the greater importance of wage employment sources to rural poor 

households than rural rich households, The study result has also indicated Age (elders) of an 

individual , Illiteracy, Primary and Secondary education and Distance to transport facility 

(individuals at fmihest distance) positively related to the probability of being non- fann self 

employed while Gender (being female) and Marital status negatively related, The result also 

explained, though education required in some self employment activities, illiterates have higher 

participation because the majority of these activities were found marginalized/ inferior, 

generating lower income and did not attract educated, 

Therefore, in order to minimize the existing income gap in rural Tigray Govemment should 

design appropriate policy and programs such as investment policy and productive safety net 

programs in the area so that rural poor households wi ll be benefited from employment. Moreover, 

Goverrunent should work on modemizing the traditional self employment activities so as to 

increase their eamed income and also promote migration to increase remittance, 



CHAPTER 1 

Int.'oduction 

1.1 Background of the Study: 

Non, farm acti vity plays an increasing important role in sustainable development and 

poverty reduction in rural areas (FAO, 1998). It can be conside red as an important way 

to increase overall rural economic activi ty and employment. In many developing 

countries , non-farm activity often accounts for as much as 50% of rural employment 

and a simi lar percentage share of households income (Lanjouw, p 1999a). Average 

non-farm income share of the total is about 42% in Africa, 40% in Latin America, and 

32% in Asia (World bank 2000,quoted in Nong Zhu and XubeiLuo 2006 ). 

Earnings from non- farm act ivity can't only significantly increase total household 

income, but al so function as a safety net through diversifying II1come sources. 

Participati ng in farm activity enhances household 's capability of overcomeing 

negative shocks and investing in farm activity. It mitigates income fluctuation and 

enables the adoption of more profitable but "risky"agricultural technologies, which 

encourages the transformation of traditional agriculture to modern agri cul ture (B right 

et al. 2000 and Islam 1997), quoted in Nong Zhu and XubeiLu02006) and this can be 

explained by the use of high yie ld ing varieties, fertili zer, pesticides irrigation 

techniques and farm implements etc by the rural households' (Tassew.W, 2006) . 

Non- farm income may also prevent rapid or excess ive rura l-urban migration, because 

it makes the rural household stay in their places, as we ll as prevent natural resource 



degradation through over exploitation. The non- farm sector can hence function as a 

route out of poverty through reducing the pressure on the demand for land in rural 

areas and through brea king the vicious circ le of "poverty, extensive cultivation and 

eco log ica l deterioration"(Nong Zhu and Xu beiLu02006). 

There has been a debate on the ro le of non- farm income in ru ra l inequality. Some 

studi es show that although non- fa rm income increases total rural income, it worsens 

income inequality because it is more unequall y di stributed than fa rm income and it has 

an entry barri er for the poor (Escoba l.J,200 I, Tassew.W,2006). 

Accord ing to Adams,Jr. ( 1999), the share of non- farm income varies inverse ly with 

size of land owned. Studi'es made in countries where land is abundant and even ly 

di stributed to rural households, the majority of the rural households obtain their 

income fro m agriculture and non- farm income is received by few large land owners 

who had the capaci ty. However, studies made in Pakistan and much of Latin -America 

where land is inadequate, the scarcity of land may "push" Poorer households out of 

agricu lture and into non- farm sector i. e. non- farm income inequality improving 

(Adams, 1r.1995). Simi larly, in some acti vi ti es where rura l poor households have a 

higher participation rate (eg. Casual wage activity) than ric h households, non- farm 

income can reduce rural inequality (Adams, 1r.1994, dejanury and Sadoulet, 200 I, 

quoted by No ng Zhu and Xubei Luo, 2006). 
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Thus, taking the above contribution of non- far m income to rural poverty reducti on 

into consideration , the researcher tri ed to eva luate the Impact of Non- Farm Income on 

Rural Income Inequality: A case in Households of Rural Tigray, Ethiopia. 

1.2 Statement of the Problem 

3,694,000 people were li ving in Tigray region in the year 2000. Of these 3,072,000 

were in rural areas (CSA, 2005). The majority of the rural' s livelihood depend on 

agric ulture wh ich is rain fed. 

Despi te agri culture the mai nstay of these rural households, the output obtained from 

the sector is found to be dec lining. The reasons can be: 

-Agriculture is rain- fed which is untimel y and uneven. 

-Agriculture is traditional , input util ization is low as a result its producti vity is 

Very minimal. 

-Agricu ltura l land is over exp loited and so il nutrients are depleted. 

- Livestock productivity is very low since forage development is very poor 

and livestock di sease preva lence is very high. 

Moreover, the crop land size was too low and fragmented, i.e. 1.03hectare per 

household as compared to the average household size in the study area- which was 5.2 

persons (CSA, 2000). Tli is implies either the produce is not enough to cover the 

yearly food requirement of the famil y or a little is left for sal e after satisfying the 

consumption requirement of the household . Study made by CSA (2000) on we lfare 
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monitoring survey confirms th is idea, i.e. onl y fo r 2% of a farm household in the study 

area the produce was enough for a year. 

Thus, inadequate income from agriculture opt for the recognition that rural households 

should rece ive income from a di verse sources. The most important of these ,is income 

from non- fa rm sectors (Elli s, 1998). 

Rural Ihouseholds of ti gray have sta rted partic ipating in non- farm activ ities and 

earning their income to fill the gap. The study made by Tassew agrees with thi s fact. 

Tassew (2006) in hi s study farm/ non-farm linkages in Northern Ethiopi a explained 

the importance of non- fa rm activities as a divers ifying income sources for rura l 

households of ti gray though the sector is at infancy. He has a lso indicated the 

importance of non- fa rm activ iti es espec ia lly on their role in developing the farming 

sector, the contribution of rura l income sources to income inequality. 

However, hi s study is found limited in area coverage (2 di stri cts were covered) and 

also fail ed to explain the following which this paper tri ed to assess. 

-whether the non- farm income sources undertaken in the area are participating 

and benefiting the majority of rural poor or not. 

I According to CSA definit ioll. Rural kcbcle (f<l rl11cr Assoc iution) is the lowest administrative unit in 11 sellied areas wi th lis 
own jurisdict ion. It is an association of rural dwellers formed by the inhabitants of a given arCH whose members are engaged 
either in agricuhural undl or non- agricultur:ll activities. 
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- whether the non- farm income improves the total income inequality that 

exists between the rural poor and the rural rich households. 

-what determines the rural households parti cipation in non- farm income 

sources. 

1.3 Objectives of the study 

In general, the researcher examined the impact of non- farm Income on Income 

inequality in rural Tigray. However, the specifi c object ives are: 

I. To identify the percentage share of each income sources of the total income for the 

rural households of the study area in general and rural poor in particular. 

2. To determine the percen tage contribution of different income sources (Farm 

income, Non- farm income, Remittance, Rental income and Other incomes) 

to income inequality and there by identifying which sources are inequality decreasing! 

II1creasll1g. 

3. To decompose the non- farm income sources and identify which sources are in 

equality decreasing and which are inequality increas ing. 

4. To iden ti fy factors that determine participation of individuals in non- farm 

acti vities. 

5. To make the necessary recommendation based on the out come of the study. 
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1.4 Significance of the study: 

Besides rai sing total income, non- farm income plays a ro le in allev iating poverty via 

Contributing to the redistribution of income. Therefore, the study: 

• Provide indicative information on the most important income sources of 

the rural households in genera l and rura l poor in particular and also 

identi fy intervention areas from which the majority of the rural poor are 

benefited. Thus, policy makers design appropriate policy or 

Government intervene directly to Improve the livelihood of poor 

households and there by reduce income inequality in the study area. 

1.5 Limitation of the study: 

The most important variables required in the study were land size of households, 

proximity to market, proximity to towns , and access to credit . Unavailability of 

data of these variables in HI CE 2000 survey limited the researcher not to see their 

effects on variability offann income, and participation on non- farm self 

employment. Moreover, Timely unrelease of HICE 2004/05 data were also 

mentioned as the study limitations . Thus, a ll results obta ined in the study and 

recommendations made restricted to the year 2000. 

1.6 Organization of the Study: 

The study in a ll has five chapte rs: Chapter one, introductory. Chapter two, dealt 

with review of literature. Chapter three, dealt with study methodology. Chapter 

four, also dealt with study resu lt obta ined from HI CE 2000 data. Finally, 

conc lusions and recommendations made are presented in chapter five. 
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CHAPTER 2 

Review of Related Literature 

2.1 Role of Non- Farm Activities in Developing Countdes 

There has been an increas ing recognition recently that the rura l economy is not 

confined to the agricultural sector. For most rural people in developing countri es, rural 

non· farm activities are part of a set of li ve lihood activiti es . 

Since 1970s, a large number of studies have in vestigated the ro le of non- farm 

activiti es for rural development. Ev idence from the deve lop ing world Suggests that 

economic di versity in the countrys ide has the potentia l to foster loca l economic 

growth and allev iate the rura l- urban income gap and rura l poverty. 

lnaddition , rural non- farm acti vities : 

Absorb rural surplus labor and there by reduce rural- urban 

migration. 

Offer additional income that supplements agri cultural income. 

Provide a means for the rural poor to cope with or survive. 

When farming fail s. 

, 
Foster agricu ltural growth . 

Improve the overall quality of life . 

i.e. in general, they are a potential veh icle for poverty red ucti on in ru ra l areas( R.H. 

Adams, JR. ( 1994), R.H. Adams, JR. ( 1999) , Junior R. Davis and Dirk 1. Bezner 

(2004) ). 
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According to studies made , the rural population in developing countri es derive an 

important share of income from rura l non- farm act iviti es, though the percentage 

va ries among nations. Ellis (2000a) as in Junior R. Davis and Dirk J. Bezner (2004) 

states that 30-50% is common in sub- sahran Africa. In As ia and Latin America, 

FAO estimates the figure to be 32% and 40% respective ly (Junior R. Davis and Dirk J. 

Bezner (2004)). In Ecuador, its share is 40% which is very close to farm income i.e. 

46% (P. Lanjouw, 1999). World bank (2000) , quoted by P. Lanjouw (1999) , also 

stated that the average non- farm income share of the tota l is about 42% in Afri ca, 

40% in Latin America, and 32% in Asia- which agrees the above studies made. 

Other studies made in rural Egypt and Pakistan by R. H. Adams, JR. (1994, 1999) 

respectively also explains the largest share held by non- farm income of the total 

income especial ly for rural poor landless househo lds of the two countries. However, in 

countries like Burkinafaso, N igeria, and Tanzania, non- farm income contributes less 

to total income as compared to farm income ( Reardon , Delgado and Matlon ( 1992) ; 

Coll ier, Radwan , and Wangwe (1986) and Matlon( 1979) quoted by R.H. Adams, JR . 

(1999)). PaI1 of this incons istency is perhaps due to difference in study ci tes. i. e. in 

land scarce and labor rich countries li ke Ta iwan, Ecuador and much of Asia , sma ll and 

inadequate land holdings Ihay tend to push poorer households out of agricu lture and 

into the non- farm sector. In land rich and labor scarce countries such as Africa where 

the majority of the rural poor engaged in agriculture, only richer households are 

joi ning the non- farm sec tor (P. Lanjouw ( 1999) and R.H . Adams, JR . (1994)). 

Another important contribution of rura l non- farm act ivity is its rol e in provid ing 

employment opportunity for rura l population. The employment opportuni ty provided 
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by these sector is growing overtime and thi s is expressed by the rura l labor force 

participating in the sector. In computing the rura l labor force coun tries use different 

definition of the term "rura l" . Some include rural towns where agri cu lt ural ac ti vity is 

not the major occupation in the area wh ile others excl ude. For instance, P. Haze ll and 

S. Heggb lade, as in P. Lanjouw (1999), indicated that in Latin America 47% of the 

labor force in rural settlements and rural towns is primaril y employeed in non- farm 

act ivity. On the other hand, Dennis Anderson and Mark W. Leisserson (1980) 

exp lained the share of rural labor force primari ly engaged in non- agri cultural activity 

as 30-40% when rural towns are included and 20-30% when they are exc luded. 

House hold partic ipation III non- fa rm activity depends on its " incentive and 

capability". Households are moti vated to undertake rural non- farm activities by 

e ither " demand pull " or " di stress push" facto rs . If the non- far m sector has high 

returns, the "pull factors" wi II be strong; if farm acti vities can't provide enough 

income for households ( i.e. if farm out put is inadequate due to drought, flood or 

insutlic iency of land etc) or households need to d ivers ify the ir income sources the 

"push factors" may kick in (Junior R. Davis and Dirk J. Bezner (2004), No ng Zhuo 

and Xubei luo 2006). 

Poor households are less capable of weathering negative shocks and are more ri sk 

averse . In order to have add itional income as wel l as to d ivers ify and undertake 

acti viti es with returns that may have low or negative correlation with those of farmi ng, 

poor households may ha ve stronger incentive to parti cipate in non- farm activities 

" ilile neil hOLiseiloilb Illay ila ve beller capaclly 10 UO ,0 Ihank> LO lilelr beller 
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endowments in phys ical and human capital (FAO, 1998). [t is distress push factors 

whi ch us ually makes the rural poor households of most deve loping countries to 

participate in non- farm activiti es. 

In most rural areas of developing countries the credit and insurance markets are not 

we ll deve loped; infrastructural faciliti es are very poor,and rural markets are 

unava il able in the vicinity, for most rural areas are far from towns. Inaddition to these, 

most of the rural poor are either uneducated or less educated and are not provided with 

technica l tra ining. All these and other facto rs determine the rural households, 

espec ially of the poor participation in rural non- fa rm acti vities. 

Studies made by P. Lanjouw (1999) and NongZhu and Xube iLuo (2006) indicated that 

relative to the uneducated, those with education are generall y mo re likely to find 

employment in the non- agricu ltural sector. The studies further explained that the rural 

labor with primary school completion are more likely to part icipate in self-

employment acti vities whil e secondary school and above completion is required for 

participation in wage- payi ng acti vities. Entry barri ers interIllS of education are higher 

for wage- paying activities; for instance, the study result of P. Lanjouw (1999) revea ls 

a person who has completed primary , secondary, and university education in rural 

Ecuador earns 3 1 %, 46%, and 258% more than a person who has not. The study made 

by NongZhu and XubeiLuo (2006) also shown the importance of technical tra ining to 

participate in non- farm acti vities i.e. the higher is the percentage of the household 

members that have some technica l training, the higher is the participation rate in self-

employment activity. 

.. ,'" 
f , 
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Accord ing to income obtained from rura l non- agricultura l act ivities, the acti viti es can 

broadly be divided into two groups of occupations , namely: high labor productivity 

and low labor productivit/. The latter activities are mainl y occupied by rural poor 

and especially of women, fo r they don ' t require much education and entry barrier is 

almost nill . For example, study by P. Lanjouw ( 1999) in rural Ecuador, suggests rural 

poor are participating main ly in non- agricu ltural wage- employment activities as 

primary and secondary occupations. The activities include fi shing, manufacturing, 

construction, and community work and they are very c lose to low labor productivity 

acti viti es . With respect to gender, P. Lanjouw ( 1999) explains of the rural women in 

Ecuador nearl y 50% of them are employed in low labor producti vity wage- employing 

activ iti es as primary and secondary occupation as compared to male which comprises 

37%. 

Similar to wage- employing, se lf- employment activi ti es are a lso another non-

agricul tural activities in which rural poor are working. Of the rural labor fo rce in 

Ecuador, 60% are engaged in se lf- employment. Out of these self- empl oyed, 55% are 

rural poor. The major acti,v ity in wh ich rural poor are working is small petty- trade 

which requires less capital to sta rt and doesn' t require much educati on. [n general , 

non- farm activities are an important route out of poverty espec ially for the rural poor 

in many developing countri es. 

1 According to P. Lanjouw (1999), high labor producti vity and lo w labor productivity activities arc defined if Ihe allilual cumings 
of wage employment activities fall above or below rcsp., the average annual per capita income from agricultural wage labor for 
persons primarily engaged in agricultural wage labor occupations. 
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2.2 Rural Farm and Non- Farm Linkages: 

Rural development policies often neglect the role of rural non- farm activities and their 

link with agriculture. This might be because the role of rural non- farm sector is the 

least understood component of the rural economy; its role in the broader development 

process is not we ll known (Lanjouw and Lanjouw, 200 I). 

, 
Though there is a knowledge gap in the policies of developing countries, the existing 

linkage between farm and non- farm linkage is very great. Haggblade (2002), quoted 

by Junir R. Davis and Dirk J. Bezner (2004), stated that one reason as to why the rural 

non- farm economy should be actively encouraged is because, when agriculture 

grows, the rural economy benefits from powerful income and employment multipliers. 

However, in many developing countries descrimination against small rural non- fa rm 

activity constrains the effects of these multipliers. 

The forward and backward link between farm and non- farm sector can be explained 

by production and consumption linkages. Production linkages cou ld develop where 

by, for instance, demand from agricu lturalist for farm implements and machinery 

repair would stimulate non- farm activities via " backward" linkages, or where 

agricu ltural goods requiring processing in sp inning, milling, or canning factories prior 

to sa le would stimulate non- farm activities through forward linkages. Consumption 

linkages could emerge as rising agricultural income fed primarily into increased 

demand for goods and servi ces produced in near by vi llages and towns. lnaddition, 

rising agricultural productivity could release labor for employment in non- agricultural 
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activity and also promote hiring of farm labor (P. Lanjouw (1999) and Tassew. W 

(2006)) 

Though these two sectors mutuall y reinforce, the different linkages (production and 

consumption) have been found to vary in their influence. Accord ing to A lain de janvry 

and Eli zabeth Sadoulet (1993), quoted by P. Lanjouw (1999), wh ile consumption 

linkages exerted the strongest influence in Asian coun tries, production linkage exerted 

the strongest influence in Latin America. The difference is due to unequal distribution 

of land and income in Latin America and as a result the rich who are benefiting from 

agricu lture consume more of luxurious items. Tassew (2006) , in his study also 

explai ned consumption linkage as the strongest type of linkage in rural Tigray, 

Eth iop ia though the commodity composition of demand varies. 

The direction and causa li ty of growth in non- farm and farm activities is far from clear 

as a res ul t the effects of non- farm income on tota l farm households income are found 

to vary both among develop ing countries and among reg ions in the same coun try. For , 

example in Kenya, regions with higher non- fa rm incomes also tend to have higher 

agricultura l income leve ls. In Taiwan, non- fa rm income was the principal source of 

ri sing rural real incomes in the 1970s and was accompan ied by very small increase in 

rea l fa rm income despite significant increase in agri cultural productivity (J.P. Leones 

and S. Fe ldman, 1998). In Eth iopia, Tigray region, income diversificat ion resu lts in a 

higher agricul tural output per unit of land. On average, when off- fa rm income 

increases by I %, agricu ltural productivity increases by 0.34%. Th is is because 
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households learn managerial skills through experience in various activities and initiate 

better farming practices (Tassew.W, 2006). 

On the contrary, in Southern Africa, increasing rural non- farm opportunity in some 

communities has been accompan ied by a decline in agricultura l production and 

income. Simi larly, in Bicol" a resource poor region of the Phillipiness, a rapid increase 

in non- farm income in abso lute and relative terms accompanied a decline in both 

agric ultural and total income in the late 1970s and early 1980s (J.P. Leones and S. 

Feldman, 1998). Studies also ind icated on how agricu ltural growth promote the non­

farm sector. During the 1970s and early 1980s, Mellor and Lele ( 1972), Mellor (1976) 

and Johnston and Kilby (1975), quoted by R.H. Adams, JR. (1999), emphasized the 

growth linkages effects of agricultural growth. According to thi s literature, 

technological change in agriculture boosts production, there by increasing incomes of 

land owning households. In turn , these land owning households use their new income 

to buy more labor- intens ive goods and services which are produced by the poor 

working in small scale- firms in the rural non- farm sector. Thus, accelerated growth 

in agricul tu re produces second- and third round effects that benefit the rural economy. 

Hazzel and Roell (1983), quoted by R.H. Adams, JR. (1999), exp lained in certain 

Asian countries high yielding varieties of rice and wheat have large multiplier effects 

on the rural non- farm sector. However, in many developing countries these multiplier 

effects have been quite small. For instance, Dejanvry and Sadoulet ( 1993), quoted by 

R.H. Adams, JR. (1999), argue that the unequal di stribution of land and income in 

Latin America and other developing countries (only a hand full of land owners (rich) 
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benefit from the income effects of agricu ltu ra l growth. Since these land owners prefer 

to buy luxurious items which are imported, they don ' t demand the type of labor­

intensive goods and services which are produced by the poor in the rural non- farm 

sector. Therefore, in land constrained countries like Latin- America, certain Asian and 

Middle- East countries focusing directly on the rural non- farm sector might provide a 

better way of increasing the income and employment oppol1unities of the poor. 

2.3 The Decomposition ofIncome Inequality: 

At the start of any decomposition exercise, the question arises: what measure of 

inequality should be chosen for the analysis? Several different inequality measures 

have been proposed in the literature. Following Foster (1985) and others, the chosen 

measure should have five basic properties, namely: 

I.Pigou- Dalton transfer sensitivity : holds if the measure of inequality lIlcreases 

whenever income is transferred from one person to someone richer. 

2.Symmetry: holds if the llleasure of inequality remains unchanged when individuals 

switch places in the income order. 

3. Mean independence: holds if a proportionate change in all income leaves the 

measure of inequality unchanged. 

4.Population homogeneity: holds if increasing or decreasing the population size across 

all income levels has no effect on the measured level of inequality. 

S. Decomposability: allows inequality to be partitioned either over sub- population or 

sources. 
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There are several inequality measures such as Thei l' s entropy index T , Theil 's second 

measure L, Coefficient of variation and Gi ni- coeffic ient. The two Thei l measures, 

however, are not decomposab le when sources of income are overlapping. Whi le the 

need for non- overlapping gro ups is not restrictive when inequality is decomposed. 

This restriction limits the use of the two theil s for measuring inequality , for many of 

the survey households receive income from several different sources. The other 

measu re of inequality i. e. coefficient of variation sati sfies all properties except mean 

independence. [t requires inequa lity to be variant when there is a proportionate change 

in all incomes (R.H. Adams, JR, 1994) . 

The only inequa lity measure wh ich meets the five preceding properties is Gini­

coefficient. Gini allows total inequality to be partitioned in to a weighted sum of 

inequality by various income sources (farm income, non- fa rm income, etc). 

According to R.H. Adams, JR (1994) and R.H. Adams, JR (1999), the source 

decomposition of Gini- coeffic ient can be developed as follows: 

Assume that with the chosen group there are ' n' households deriving income from 'k ' 

sources. Using notation similar to Shorrocks (1983:311), let Yi denote the total income 

of households i from source k, where k= I, ... K. A lso let the di stribution of total 

househo ld income be represented by Y= (YI.Y,,) and the distribution of income 

component k be represented by Y k= ( Yik .. y"k). Using this, the Gini - coefficient (G) for 

the distribution of total income with in the grou p can be defined as: 

G= (2COY (Y, F(Y)) _______ ----L(I'-L) 

11 
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where ,l denotes the mean ho usehold income of the sample and F(Y) the cumulative 

di stribution of total household income in the sample 

( i.e F(Y) = (f(yl) .... ,f(yn)) where fey ;) is equal to the rank of y; divided by the number 

of observations (n). (Stark eta1.1986: 259 quoted by R.H. Adams, JR 1999). 

Equation (I) can be rewritten and expanded into an expression for the Gini- coefficient 

that captured the" contribution to inequality" of each of the K components of income: 

G= I 1: ( YI- E(YI)) (f(YI)-E(f(YI))) _______ m 
Iln 

G= 2 1: 1: ( Ylk- E(Ylk)) (f(YI)-E(f(YI))) ______ (3} 

Illl 

G= L1: COY (Yk , F(Y)) __________ (4) 

Il 

where Il k is the sam ple mean of income from source k and F(Y k) is the cumulative 

rank di stribution of income from source k ( i. e F(Yk)= f(yl k) .... , [(Ynk)) , where [(Ylk) is 

equa l to the rank of Ylk di vided by the number of observati on (n). 
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Using the notation of Starketa l (1986:725), quoted by R.H. Adams, JR ( 1999), the 

gini- coefficient can be written as: 

G= E R kG k S k ____ ___________ (6) 

Where: 

R k= the gin i-correlation of income from source k with total income 

I. e R k= COY (Y k , F(Y)) 

COY (Y , F(Yk)) 

gi n i-coeffi ~ ient measunng the 

distribution 

group and 

of Income component 

inequali ty 

k with 

Sk= the share of source k of income in total group income 

f1 

11l 

In 

the 

the 

Equation (6) shows the contribution of each income source k to overall 

income inequality. The larger the product of these three components, the greater wi ll 

be the contribution of income from source k to overall income inequality. However, it 

should be noted that while Sk is always positive and less than one, Gk is always 

posi ti ve and may exceed one (if many of the source incomes are negative), and Rk can 

fal l any where on the interva l [-I, I]. When Rk is less than zero, income from source k 

is negatively correlated with tota l income and thus lowers the gini measure for the 

sample. 
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Assuming that additional increments of an income source are distributed in the same 

manller as the origina l units, it is also poss ible to use th is decomposition to ask 

whether an income source is inequality increasing or decreasing on the basi s of 

whether or not an enlarged share of that income source leads to an increase or decrease 

in overall income inequality. 

On the basis of eq"( 6), gk " R k G k 

G 

_______ (7) 

where. gk IS the relative concentration coefficient of income source k 111 overal l 

i:Jequality. 

From equation (7), it follows that income source k is inequality increasing or 

decreasing according to whether gk is greater than or less than unity respectively 

(R.H. Adams, JR (1999), R.H. Adams, JR (1994)). 

2.4 Non- Farm Income and Inequality 

2.4.] Foreign studies: 

Various studies in different countries are made regarding the impact of non- farm 

income 011 income inequality. In al l these studies the role of non- farm income in rural 

inequality is debateful. Some studies show that although n011- farm income increases 

tota l rura l income, it worsens income inequa li ty, for it is more unequally distributed 

than farm income. However, some other studies suggest that, if the ho useholds have a 
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higher participation rate (in particular in casual wage activity) than rich households, 

non- farm income can reduce ru ral inequal ity. Study made by NongZhu and Xube iL uo 

on 742 households is based on data obtai ned in periods 1995 and 1997 fro m liv ing 

standa rd measurement survey made in two provinces of china. The authors examined 

the impact of non- fa rm income on income inequality in two ways. Fi rst by assuming 

non- fa rm income as exogenous transfer to tota l income to decompose Gini- index. 

Second by assuming non- farm income as a potential substitute of fa rm income and 

maki ng comparison between observed income and si mulated household income. The 

study resu lt based on fi rst assumption indicated that though the largest p0l1ion of ru ral 

households income came from farm activi ty, non- farm income is fo und inequali ty 

reducing while fa rm income is inequality rai sing. Uneven distribution of land, low 

entry balTiers to non- fa rm sector, high population density on agriculture and its low 

producti vity favored rura l poor to participate greatl y on non- fa rm activi ty and get the 

majority of thei r income out of it. The simulation result al so confi rmed the 

substitutabi li ty of farm activity by non- farm in a case where margina l productivity 

fro m farming is low and land is scarce. They conc luded by suggesting the 

development of rural infrastructures, creation of nearby rural markets, establ ishment 

of credi t and insurance inst'itutions to support poor households get out of poverty. 

Richard H.Adams, JR.( 1999) on their study non- fa rm income, ineq uality, and land in 

rural Egypt also exp lained similar results to that ofNong Zhu and Xubei Luo. Adams, 

J r. used data fro m 1997 household budget survey coveri ng 1,301 rural households. 

Tota l income decomposed into fi ve income sources and ana lyzed by use of Gin i-

Decomposability technique to determine the impact of each income source to income 
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inequality. Regress ion analysis also used to determine the correlation between 

different income sources and land size. The result revealed that non- farm income is 

i!1equality reducing whi le farm income is inequality rai sing for the rural poor. 

Moreover land size is stati stically and positively correlated to agri cultural income 

while it is negatively con'e lated to 110n- farm income. Uneven distribution of land is 

cited as a cause. 

In a similar study made by Adams, Jr.(1994) and Adams and Jane J. He (1995) on 

rural Pakistan, a three year data spanning from 1986/87- 1988/89 is used. The data 

co llected from 727 households sampled from three provinces of Pakistan. Gini -

Decomposability techniqu~ is used and the result indicated non- farm income and 

livestock income are found inequality reducing where as agricultural income, transfer 

income and rental income are inequality rai si ng for rural poor, for land is unevenly 

distributed as in rural Egypt. Moreover, the result also shown educational difference, 

lack of training centers, weak development of cred it institutions, and absence of near 

by markets as a root causes of income inequality in rural Pakistan. As the study 

evaluated, the sampled households are not representing the whole rural Pakistan so 

general ization can't be made. 

Ayal Kimhi(2005) also studied on off- farm income in rural Georgia. Data co llected 

in periods March-April 2003 in fOllr di stricts of rural Georgia covering 2,520 

households were used. Total income decomposed into farm and non- farm income. In 

add ition to Gini- decomposability used by other studies, the author used Lorenz curve 

to compute the contribution of each income source to inequality. The result has shown 
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that non- farm income is inequality reducing wh il e farm income is inequali ty rai sing, a 

result which is s imilar to other studies. Uneven distribution of land cited as a reason. 

Genera ll y, al l the above studies used the same methodology, ac hieve the same 

objectives and reach on the same result. 

2.4.2 Ethiopian studies: 

Tassew (2006) in hi s study, Farm/ Non- farm Linkages, has tried to address impact of 

non- farm income on income inequa li ty, the types of linkage that ex ist between farm 

and non- fa rm activ ities, and the social , cul tural and economic problems for the 

development of non- farm activities . For the study, he used 402 rural households 

chosen randomly from astratified sampled areas of Enderta and Adigudom di stricts of 

Tigray. Decomposabi lity technique used. The resu lt explained nOI1- fa rm income as 

inequal ity inc reasi ng whil e farm income as inequality decreas ing, fo r less attention 

given to rural poor to part i~ i pate in non- farm activ ities and as a result the majority of 

non- farm activ ity except food for work is found occupied by rural rich of the study 

area, a result which is aga inst other studies by Adams,Jr. NongZhu and Xubei Luo, 

and Aya l. 

In addition, Tassew study concentrate on ly on two di stricts and failed to show 

determinants for participation in non- farm activity. Besides, it failed to show the 

impact of add itional source incomes to inequa li ty. T hus, thi s paper wil l study by 

adding thi s variables and taking sampled households from a ll dis tri cts of rural 

Tigray. 
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CHAPTER 3 

METHODOLOGY 

3.1 Sources of Data: 

The researcher used data from RICEs 3 (199912000) and WMS4 (1999/2000) 

undertaken by CSAs, Ethiopia. HICE covered 17,332 households in both urban and 

rura l areas of the country. Out of these, CSA coverage of rural tigray compri ses 564 

households on which the researcher is interested to make his study. The 564 

households are distributed through all di stricts oftigray. 

CSA used a two stage stratified random sampling with Enumeration Areas Gas a 

rrimary sampli ng unit and HOllseho lds as a secondary sampling unit. To se lect the 

sampled households from a fresh li st of households in each enumeration areas CSA 

used Systematic random sampling technique. The researcher, hased on data obtained 

from these hOllseholds, has made generali zation about all househo lds in rural tigray. 

To make the genera lization a rai sing fac tor/ weight al ready prepared by CSA is used 

(CSA, 200 I report on calculatio n of weight) . 

.3 HICEs refers to Household Income, Consumption and Expendilllre survey. 

4 WMS refers to Welfare Monitoring Survey. 
5 CSA refers to Centra l Statistics Agency. 
(, Accordi ng to CSA defin ition enumeration area in rural parts of the country is a locali ty that is less than 

or equal to a farmer's association area and usually it consists of 150-200 households. 
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3.2 Method of Data Analysis: 

To analyze data obtained from 564 households, SPSS version 12 for Descriptive and 

STA TA version 9 for Probit regression anal ys is were used. Gin i- Decomposability 

Technique also used. Though vanous inequality measures can be used, 

decomposability is found the best of a ll in a case where inequality is partitioned either 

over sub- population or sources (Adams, 1999 and Robert I. Lerman; Sholmo Yitzhaki 

(1985)). 

In thi s paper, income is computed from households expenditure on consumption and 

non- consumption items. In HI CE survey of many countries income is usua lly 

computed fro m households expendi ture, for income data collected directly from 

households is under esti mated (Robert I. Lerman ; Sholmo Yitzhak i ( 1985). 

Therefore, the definition fo r the decomposed sources given as follows explai n how 

income is computed based on expenditure approach: 

Farm-Income:- Includes expenditure made from sale of owned crop, crop by 

products, livestock and li vestock products plus imputed va lues 

for home consumed crop and livestock products. 

Non- farm lncome:- Includes expenditure made in cash from wage and sel f 

employment plus imputed va lues of home consumed from 

non agri cu ltural and in kind obtainees in the form 

of wage. 
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Wage employment :- includes wage obtained from being employed in 

activities li ke: community work, casua l agricultural 

employment, serva nt, guard , teacher, heads of 

vill age/traditional chi efs and finance. 

Employ ing orga ni zations are: government, non­

government, private organization and households. 

Self employment :- Refers non- agricultural activities owned by a me mber 

of household. Activities include: participation on 

Remittance: -

pottery, weav ing, black smith, handicraft works in 

wood, textil e, leather, mining of go ld, whole sa le trade, 

retail trade, sa les on shop, sale of fuel wood, trade broker 

street vendor and shoe repa ir. 

Includes expendi ture made by use of in cash or in kind obtained 

from domestic or fore ign residing hOllseholds in a regu lar bas is 

plus imputed val ues of home consumed and in kind obtained. 

Renta l income: - Inc ludes expenditure made fro m rent of house7
, rent of 

other household asset including livestock. 

Other incomes: Includes ex penditure made from gift, donation , sa le of 

household asset. Imputation is made for home consumed. 

7 Imputed values of free ly obtaIned houses cannot be used, for Illost val ues are unreliab le. 
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Therefore, to examine the contribution of each income source to income inequality the 

selected technique (gini - decomposability) is found to be appropriate for the study. 

3.2.1 Gini- Decomposability Technique: 

Suppose that YI,Y2 , ... , Yk stand for the k components of household income and Yo the 

K 

total income, i.e. yo= Iy, 
k=1 

The Gini index of the total income, Go can be decomposed as follows: 

K 

Co= IR,G,S, where: 
k =1 

R k: the gin i-correlation of income from source k with total income 

i.e R k: COY (Vk, r) 

COY (Yk , rk) where, rand rk are rank of total and source 

income respectively. 

C k: gin i- coeffic ient measuring the inequality in the distribution of income 

component k with in the group. 
, 

I.e C k = L COY (Yk, rk ) 

Sk: the share of source k of income in total group income 

I.e. Sk: !!k 

The sum of the product of these three components for all sources provide total gini 

whi le the product of these three components for each source explains the percentage 
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contribution of each income source to income inequality but not income sources are 

inequality reducing or increasing. 

According to Adams 1994 and 1999, determination of which income sources are 

inequality reducing or increasing requ ires use of the followin g formula. 

Go 

where g, is relative concentration coefficient of income source k to overall iIlcome 

inequa li ty. If g, > I , a given source income increases inequa li ty and 

if g, < I, a given source income decreases inequali ty. 

3.2.2 Probit Regression Model: 

It is known that parti cipation of individuals in non- farm income sources is determined 

by different va ri ab les such as educationa l leve l, age, gender, access to credit, 

proximity to market, transport facility and towns etc . In this study, it is tried to find the 

determinants of individuals participation in non- fa rm se lf employment or wage 

employment. The dependent variable used (participation in non- fa rm income sources) . . . . 
is dichotomous taking a va lue of 0 or I . In a case where the dependent variable is 

di chotomous, prob it and logit models are widely applicab le (Feder et. al ( 1985) quoted 

by Daba Moti(2003) and Gujarati , 2003). 

These models specify a fu nctiona l relation between the probability of the di chotomous 

dependent variable and various explanatory variables. In thi s study for simpl ic ity 

probi t is used and the general express ion for the model given as follows: 
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(NFE) = F (CDR, ilIT, PRM, SEeD, AC, MRT, DSTF, €; ) 

Description of variables 

Name Description Expected s ign 

NFE Dependent va riable - I if 

individuals participate in non-

farm self employment and = 0 if 

participate in wage employment 

GDR Gend er = 1 if female and = 0 Gender is expected to have 

othenvise positive sign 

ILLT - 1 if illi terate and - 0 other wise Illiterate is expected to have 

negative sign 

PRM -I if primary and - 0 other wise Primary education is expected to 

have positive sign 

SEeD =1 if seconda ry and = 0 other Seco ndary edu cat ion is expected 

wise to have positive sign 

AG Age in years Age is expected to have positive 

sign 

MRT - I if married and -0 other wise It is expected with negative sign 

DSTF Distance to transport facility in It is expected to ha ve negative 

kilometer sign 

€, Error term 
.. 

Thus, the probabilIty of partiCipatIOn 111 non- farm self employment 111 relation to 

different exp lanatory variab les is exp lained based on the sign of coeffici ents. 

Farameters tell the change in the probabi lity of participation in self employment 

as the exp lanatory variables change. 
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CHAPTER 4 

RESULT AND DISCUSSION 

4.1 Descriptive Results: 

4.1.] Total Income by Source & Quantile Group: 

In thi s chapter an attempt has been made to explain tota l households income of rura l 

Tigray as farm, non-farm, remittance, rental income and other income sources (see 

definition of each income sOllrce in chapter 3). 

[n some Afri can and Asian countries such as Egypt and Pakistan where most of the rural 

househo lds are landless, the percent of households and the proportion of income 

obtained from farm sector was too low in comparison to non- farm income (RH. Adams, 

1999). However, the situation is different in Ethiopia, where more than 80% of rural 

households are engaged and earning the proportion of their income from farm. The 

study result in table 4 . 1 have indicated this fact , 99% (almost all) of the rural households 

of Tigray have identified obtaining their income from farm while 52% obtaining from 

non- farm. 46%, 5%, and 82% were from remittance, rental and other sources 

respectively . [n terms of income share, farnl income contri buting the largest portion 

82% , follo wed by non- farm and remittance 8.2% and 2.8% of the total households 

income respecti ve ly . The Share of rental has found insignificant 0.4% whi le the share of 

other sources significant 6.6%. 8 The result indicated that, non- farm income as the 

second largest source of income in rura l ti gray. However, the percentage fi gure low as 

compared to the result of some of the Afri can and Asian countries. 

I!l Other income sources includes largely of food aid (donation) received by househo lds from government and 
11 0 11 government , for three years prior to HI CE survey period Tigray was sevcrly affected by drought. 
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I n those countries the share of non- farm income ranged between 13-72%, for non- farm 

income played the leading role and acts as a route out of poverty especially for rural 

poor (RH. Adams, 1999). 

It is evident from table 4.2 househo lds ranked by quanti le based on their tota l income. 

As indicated in the table, in a ll quantile groups, farm income has been identified as a 

dominant source of income though its degree of impoI1ance at different quantile varies. 

This fact strengthen what has been stated in the previous tab le. As we move from lowest 

to highest quantile groups9 in table 4.2, the percentage contribution of farm income to 

total income has rai sed from 64 .1 %10 87.1 % respectively. On the contrary, the 

, 
percentage contribution of non- farm income and remittance have seen declining from 

12.6% to 6.4% and from 9.3% to 1.5% respectively as one moves from lowest to highest 

quantile groups. In general, the result obtained from the data has indicated the relati ve 

importance of farm income to rural rich and non- farm income and remittance to rural 

poor, while rental income more or less equally important. 

'J households in the lowest quant ile are considered as relatively poor and households in the highest quantile 
as relati vely rich, 
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Table 4.1 

Percent of households and Mean Annual Income Share by Source of Income 

Sources of Percent Mean annual Percent Standard 
1I1come of 1I1 come share deviation 

households* in birr* * of total 
. mean 

1I1come 
Farm income 99 3,406.93 82.0 3,2 10.05 

Non-Farm 
1I1come 52 344.24 8.2 734.40 
Remittance 

46 119.53 2.8 344.60 
Renta l income 

5 15.82 0.4 11 8.76 

Other incomes 
82 288 .53 6.6 500.69 

Total 

4,175.05 100 3, 124.92 
Source: Author's computatIon from HI CE 2000 data of CSA. 

Note: 

. 
n=564 and rai sed to total households in rural ti gray i.e 643,840. 

*Percent of households can ' r be summed up to give 100. A household is counted in 
more than one source as he gets income from di fferent sources. 

** All income figures are mean ann ual incomes given in Eth iopian currency "birr" 
and the figures are rai sed to all rural households of tigray. 

- To get per person income figures divide mean income by ave rage household size in 
the study area which is 5.2 person. 
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Table 4.2 

Mean Annual Household Income by Quantile and Income Source 

564 Mean Percent Percent Percent of Percent Percent 
households Annual of of Non- Remi-tance of of 
ranked by Income Farm farm Rental Other 
total in birr' Income Income 1I1come 1I1comes 
Income 
quantile 
groups 
Lowest 1,564.75 64. 1 12.6 9.3 0.4 13.6 
20% , 

Second 2,66 1.72 75 .3 10.8 5.2 0.9 7.8 
20% 

Third 3,548.72 77.4 10J 4.9 0.1 7.3 
20% 

Fourth 4,712. 16 85.9 7.8 1.4 0.3 4.6 
20% 

Highest 7,856.55 87. 1 6.4 1. 5 0.4 4.6 
20% 

Source: Author' s computation from HICE 2000 data of CSA. 

Note: 

n=564 and raised to total households in rural ti gray i.e 643,840. 

, Al l income figures are lilean annual incomes given in Ethiopian currency "birr" and 
the figures are raised to all rural households of tigray. 

4.1.2. Contribution of Income Sources to Inequality: 

Gini- decomposition provides two ways of measuring contribution of income sources 

to overall income inequality. First, it prov ides how much of tota l income inequa lity is 

due to a particu lar income source. Second, it provides whether inequality in an income 

source increase or dec rease total income inequality. 
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By ana lyzing table 4.2, it IS possible to tell the presence of overall income inequality 

among households in the study area, though it is an informal method . It tell s of the 

total households income onl y 7% ea rned by households at lowest quanti le wh ile 39% 

ea rned by households at hi ghest quantile. Which sources contribute greatly to thi s 

overall income inequa lity? 

It is clear from table 4.3 the contribution (abso lute and relati ve) of income sources to 

overall income inequality. The result obtained from the data revea led farm income as 

the largest contributor to tota l income inequa lity 93.2% followed by non- farm income 

4.1 % . The remaining three sources shared 2.7%. This implys the largest portion of 

total income inequality came from sources havi ng the largest income share- which 

agrees what literatures usuall y say. 

The percentage contribution of each source to inequality can further be explained by 

analyzing mean income share (Sk). correlation coefficient (Rk) and source gini (G k) 

given in tab le 4.3. In the case of farm income though source gil1 i relatively found the 

smallest implying the most equally distributed source of income, share of income and 

correlation with total income have found the largest. Thus, small er source gini 

dominated by the product of large values of income share and correlation gave rise to 

the largest contribution to inequality. 

However, nOI1- farm income has got a smaller share of income and less correlated to 

total income but more unequall y di stributed than farm income (52% of rural 

households earned their income from non- farm: table4.1) as a resu lt contribution to 
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inequa lity smal ler than farm income. Simi larl y, remittance and rental income have got 

the small est income share and are the least correlated to total income but the most 

unevenly distributed (only 46% and 5% of rural households have ea rn ed their income 

from these sources respecti vely: table 4. 1) hav ing a net effect least contributors to 

inequality. 

When it comes to which sources are inequali ty increasing and which are inequality 

decreasing, the res ul t in tab le 4.3 has exp lained, farm income as inequa li ty increas ing 

(gk >1) while non- farm income, remittance and rental as inequality decreasing (gk<l) 

implying ceteris paribus, additional increments of non- farm , remittance and rental 

income will reduce overall income inequality . 

The inequality result can also be justified by look ing at table 4.2. In th is table, 

comparison of two quantiles income figures have explained the relative impo11ance of 

farm income to rural rich and non- farm income and remittance to rural poor, for rural 

ri ch have obtained the largest mean income share 87% aga inst 64% obtained by rural 

poor from fa rm whil e rural poor obtained 12.6% aga inst 6.4% obtained by rural rich 

from non- farm and 9.3% by rural poor aga inst 1.5% by rural ri ch from remittance 

respectively. Therefore, attention has been given to income sources (non- farm and 

remittance) from whic h most rural poor are benefited. But, here one can raise a 

question why farm income an inequa lity increasing though almost all rural households 

li velihood depend on it and moreover identifi ed as the most equall y di stri buted income 

source relati ve to other sources? The possible reasons could be: unequal dis tribution of 

land si ze among rura l households, utili zation of highl y productive farm inputs by rural 
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ri ch , ownership of li vestock by rura l rich, production of cash crops by rual rich etc. 

However, to know exac tly it requires further study . 

Table 4.3 

Income Inequality and Decomposition by Source by use of Gini 

Income Mean Correlation Source- Abso lute 
sources Income ratio gill I contribution 

share to 
(Sk) (Rk) (Gd inequality 

(G) 
Farm 0.816 0.895 0.378 0.276 
IIlcome 

Non- farm 0.082 0.184 0.824 0.012 
IIl come 

Remittance 0.029 0.072 0.876 0.002 

Rental 0.004 0.258 1.01 5 0.00 1 
IIlcome 
Other 0.069 O. II S 0.665 0.005 
Incomes 
Total 1.000 GT =0.296 

Source: Autho r' s computation from HICE 2000 data of CSA 
NOle: 

- SUIll of Sk= I 

• Rk =[ -I , I] and 

Re lative 
contribution 
to 
inequality 
(%) 
93.2 

4.1 

0.66 

0.34 

1.7 

100.0 

Concentration 
coefficient 

(gk) 

1.l5 

0.52 

0.21 

0.89 

0.27 

- G k usually between 0 and but sometimes exceed I when income is zero for many households. 

Sim ilar reason app lied for rental income whose Ok> 1. 

4.1.3. Socio- Economic Characteristics of Non- farm Individuals 

(Aged 10 years and above) 

It is evident from table 4.4 that out of rural individuals participating in non- farm 

income sources, 60.9% were male and the rema ining 39. 1 % female . With regard to Age, 
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the majo rity of non- farm individuals 91.2% had found in the age of 15-65 years, 

fo llowed by individuals aged 65 and above which constituted 8. 1 %. However, those 

aged between 10 and 15 years were fo und insignificant - constituting only 0.7%. 

With respect to Educat ional level of non- farm individuals, the study result in this tab le 

explained 76.5% were illiterate (couldn't read and write). The remaining 23.5%, who 

were considered as literate, were found categori zed in pre- primary (informal 

education) , primary and secondary education. Out of the literates, non- farm individuals 

who completed primary education constituted the largest portion 13.7%. Those who 

attended in fo rmal education and those who completed secondary education compri ses 

8.5% and 1.3% respectively. 

When comes to Man·ita l status, the result has indicated the majority were married 

65.1 %. Widowed and divorced individuals were found comprising almost equal share ie 

13% and 12.8% inorder. However, un married individual s have taken the smallest share 

9. 1%. 
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Table 4.4 

Socio- Economic Characteristics of Individuals Participating in 

Non- farm Income Sources (for those aged IO years & above) 

Socio- Economic Characteri st ics Percentage (%) 
, 

Gender: 

Male 60.9 

Female 39. 1 

Age: 

10- 15 years 0.7 

15-65 years 9 1.2 

65 years & above 8. 1 

Education: 

Illiterate 76.5 

f---p . re- primary 8.5 

Prirhary (Grade 1-8) 13.7 

Secondary (Grade 9- 12) 1.3 

Marri tal Status; 

Unmarried 9.1 

Married 65.1 

Widowed 13.0 

Divorced 12.8 

Source: Author's computatIon from HICE 2000 data of CSA. 
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4.1.4. Decomposition of Non- farm Income Sources: 

In thi s section an attempt has been made to decompose non- farm income in to wage lO 

and sel f- employment (definition mentioned in chapter 3). Moreover, the percent of 

households , percent of mean non- farm income share of 110n- farm sources, the relative 

importance of each source and their contribu tion to inequa li ty have a lso been discussed. 

From table 4.5 it is clear to see the percentage of households and mean non- farm 

income share of each source in percent. As shown in the table, 67.9% of non- farm 

households generate 50.4% of their mean non- farm income from wage and salary whe re 

as 51.4% generate the remaining 49.6% of mean income from se lf- employment. 

Al ternatively, it means on average a household in rural Tigray has earned an income of 

173.39 and 170.85 birr annually from wage and se lf- employment respecti vely. 

Thus, from table 4.5, we can see that in terms of income contribution the two non- farm 

income sources have almost equal importance to households in rural tigray. 

10 Wage and sa lary includes bonus, allowance, over time payments. 
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Table 4.5 

Percent of Households and Mean Income Share by Non- farm Income 

Sources 

No n- farm Percent of Mean Annual Percent of Standard 

Income Sources Non- farm No n- farm Non- farm deviation 

Households * Income** in Income by 

birr by Source Source 

Wage and 

Sala ry 67 .9 173.39 50.37 45 3.69 

Self-

Employment 5 1.4 170.85 49.63 574.26 

Non- farm 

Income 344.24 100 734.40 

Source: Author's computation fro m H ICE 2000 data of CSA. 

Note :-

n=564 and rai sed to total households in rural tigray i.c 643,840. 
*Percent of households can' t be summed up to give 100. A household is 
counted in more than one source as he gets income from different sources. 
** To make comparison with other tables, households outside the 

non- farm are included with non- farm income zero. 

Table 4.6 depicts sources of non- farm income ranked by income in quantil e. As 

indicated in thi s table, wage employment has found relatively more important 

than se lf- employment to households of lowest and second quantil es whil e the reverse 

holds true to households in the third, fourth and highest quantil es. Numericall y, thi s can 

be explained as households in lowest and second quantiles share the largest portion of 

mean non- farm income 60.9% & 62.4% respectively from wage and salary. Simi larl y, 

the remaini ng households of quantile three, four and highest have shared largest portion 
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56.1 %, 58.5% and 53.9% respectivel y from se lf- employment. However, by simply 

comparing of the two quantiles (lowest and highest) based on no n- farm income source 

share, households in lowest quant ile have earned more income from wage and sa lary 

60.9% of mean non- farm ipcome as compared to income earned by highest quantil e 

households- from wage and sal ary 46. 1 %. On the contrary, highest quanti le households 

have earned the greatest share of non- farm income from se lf- employment 53 .9% in 

comparison to income obtained fro m self- employment by lowest quanti le households 

39.1%. 

To summa rize the resu lt in table 4.6, wage has been identified as a fundamental non-

farm income source to rura l poor and self- employment to rural rich households of 

tigray. 

Table 4.6 

Sources of Non- fa l:,m Income Ranked by Tota l Income in Q uantile 

564 Households Mean Annual Percent of Percent of 

Ranked by Tota l Non- farm Wage Self-

Income in Quantile Income in birr* &Salary Employment 

Lowest quan tile 196.73 60.9 39.1 

Second quanti Ie 302.60 62.4 37.6 

Third quanti le 364.24 43.9 56. 1 

Fourth quantile 347.04 4 1. 5 58 .5 

Highest quantile 505.47 46.1 53.9 

Source: Author' s computation from HICE 2000 data of CSA. 

n=564 and ra ised to total househo lds in rura l ti gray i.e 643 ,840. 
* Mean income figures are raised to total households in rural tigray. 

40 



4.1.5 Contribution of Non- farm Income Sources to Inequality: 

No n- farm income has been decomposed into sources wage and self- employment. In 

(table 4.3) , it was found that non- farm income as inequa li ty reducing income source. 

Each non- farm income sources are expected to have different contribution to inequality, 

but which non- farm source is inequa lity reducing and which is the larger contributor to 

inequa li ty? 

The analys is in table 4.7 answers the question. In the table, wage and sa lary identified as 

inequality reducing source (gk < I) while self- employment as inequality rai sing source 

(gk> I) imply ing, ceteris paribus add itional increment of wage will reduce inequali ty 

because the majority of its share goes to rural poor households than rural ri ch and these in 

turn reduce income gap in the area. The converse holds true for self- employment. 

Regarding in percent contribution to inequality, table 4.7 has also identified self­

employment source as the larger contributor to inequality wh ich is 62 .8% agai nst 

37.2% of wage. The smaller contribution of wage to inequa lity came from lower source 

gini (relatively more even ly di stributed source) and lower co rrelation coefficient- GK= 

0.259 against 0.280 and Rk = 0. 123 against 0.192 respectively. 

Sma ll er contribution, and lower gini together with inequa li ty reduc ing became indicators 

of wage source 's paramount importa nce to rural poor households of tigray. This fact can 

further be verifi ed by analyzing table 4.6. The result indicated the relati ve importance of 

wage to lowest quantile households (relatively poor)- 60.9 aga inst 46.1 % and conversely, 
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the relati ve importance of sel f- employment to highest quantile households (relatively 

rich): 53.9% against 39. 1 % respectively. 

In general, both tables (table 4.6 and 4.7) ha ve confirmed the need for attention to wage 

employ ment source in wh ich the majority of rural poor households of rural tigray are 

participating and generating their income, for it had greater contribution in minimizing 

income gap in rural tigray. 

Table 4.7 

Non- farm Income Sources Contribution to Inequality by use of Gini 

Non- farm Mean Correl ation Source- Absolute 

Income Income Ratio Gini Contri bution 

Sources Share to Inequality 

by (Rk• ) ' (Gk) (G) 

Source 

(Sd 

Wage and 

Sa lary 0.504 0.123 0.259 0.0 16 

Self-

Employment 0.496 0.192 0.280 0.027 

Source: Author 's computation from HICE 2000 data ofCSA. 

Note: 
Sum of Sk= I 
Rk=[-I , I] 

* The values significant at 1%. 

Relative 

Contribution 

to Inequal ity 

(%) 

37.2 

62. 8 

Concentration 

coefficient 

(gk) 

0.744 

1.250 
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4.2 ECONOMETRIC RESULTS: 

4.2.1 Multicollinearity and Heteroscedasticity Tests: 

[n th is part probit regression analysis is made in order to know which va riables determine 

partici pat ion of individuals in non- farm se lf employment. However, prior to interpreting 
" 

results it is fou nd worth to make tests like multicollinearity and heteroscedasticity to know 

whether they are problems of the model or not. 

As defin ed by Guj arati (2004) , Mu ltico llinearity refers to corre lation in between vari ous 

exp lanatory variables . Mu ltico llinearity could be a problem of the model if there is strong 

correlatio n ie 1'>0.8 among explanatory vari ables . Heteroscedasticity refers to the non-

constan t variance of the error term. 

The tests res ult of the study indicated hetero as a prob lem of the model but not 

multico llinearity (Appendix I for hetero test and Appendix 1I for multicol li nearity). The 

presence of hetero in the mode l implies the need for correction (Appendix IV and 

Append ix V, Appendix VI and Append ix VlI for comparison of results with and with out 

heteroscedasti ci ty). 

Another ca lcu lation made in thi s paper was goodness of fit of the probit regression model 

to the data. It was made by computing log li ke lihood ratio index (LRI), like R2 for OLS. 

The result provided LRI va lue equal to 0.33 ( Appendix [[[ for detail s) , 
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4.2.2 Estimates of Probit Model and Interpretation by use of 

Coefficients: 

52% of househo lds of rural Tigray have found earning their income from no n- farm 

income NFl (tab le 4. 1). But what determines members of these households to pallicipate 

in NF l sources such as Wage employment or Self employment? The fo llowing section 

will answer it by look ing at some vari ab les. 

For thi s purpose probit niodel is used. Probit explained the functional re lation 

explanatory variab les has with probab ility of dichotomous exp la ined variable. The 

explained variab le takes a value 0 or I if an individua l participates in non- farm wage or 

se lf employment respec tively. The explanatory vari ab les used in the model are Gender 

(GDR), Age (AG) , Man·ita l status (MRT), Illiteracy ( ILL T) , Pri ma ry complete (PM), 

Secondary complete (SEeD) and Distance to Transport fac ility (DSTF). 

As shown in tab le 4.8, the sign of coeffic ients indicated the relation between probability 

of an individua l to be non- farm se lf employed (dependent= I) and the different 

exp lanatory variables . The extent to which the exp lanatory variables relate to the 

dependent is given as fo ll ows. 

Gender is found negative ly re lated to the probabi lity of be ing non- fa rm se lf employed. 

The sign is oppos ite to expected. Th is imp li es in the study area the probab ility to be se lf 

employed was less to fema le than male. 
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Age fo und positively related and has an expected sign. The relation implies as an 

individua l 's age increases his probabili ty to be se lf- employed will increase. The reverse 

also holds true. 

Table 4.8 

Estimates of Probit Model (Hetero Corrected Estimates) for Non- farm 

Individnals 

Vari ables Coeffic ient Robust standard Marginal Z P> 1 Z l 

error of effect 

Regression (dy/dx) 

Constant -8.266615 0.6967687 - -

GDR -0.84 15622 0.3048324 -0.0458495 -2.76 0.006' 

AG 0.046474 0.0 123022 0.0020 165 3.78 0.00 I' 

MRT* -0. 135608 1 0.2868439 -0.0056724 -0.47 0.636' 

ILLT* 8.42 14 19 0.68 15065 0.9997536 12.36 0.001 " 

PRM* 8.59 1894 0.8328634 0.205462 1 10.32 0.00 1' 

SECD* 5.8 10569 0.0204555 

DST F 0.0 128327 0.0074 152 0.000991 2.45 0.0 14' 

Source: Author 's computation from HICE (2000) &WM S (2000) data ofCSA. 

* Vari able is dummy 
a Coeffi cients are stati stica ll y signifi cant at I % leve l 
b Coe ffi cients are statis ti ca ll y signi fica nt at 5% leve l 
c Coeffic ient is stat istica ll y insign ifica nt 
When comes to educati on: ill ite racy, primary and secondary complete had found 

pos itively related and sign as expected except for secondary. The re lation implies 

illi terates in compari son to literates had more chance to be se lf employed than wage 
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employed. Simi larly, individual s who completed primary and secondary education had 

also more chance to be se lf employed. Altel11atively, it means both illi terates and literates 

participated in se lf employment acti vities . Th is resul t agreed with result obtained by P. 

Lanjouw (1 999) on his study in rural Ecuador. He ind icated that education as important 

fo r self employment as well as wage employment acti vities though the leve l diffe rs for the 

two , ie lower leve l is on ly requi red fo r se lfwh ile higher leve l is for wage. 

Distance to transpoli fac ility had positive relation and sign opposite to expected. It means 

as the transport fac ili ty is ava ilable in shorter di stance (near by) the pro bab ility of an 

ind ividua l to become self employed will dec rease. 

4.2.3 Interpretation of Functio nal Relation ships in the Model 

by use of Marginal effect : 

In the above section 4.2 .2 results are exp lained based on the sign of coefficients. 

Coeffic ients didn ' t tell by how much percent the probabi li ty of non- fa rm se lf 

employment wou ld change for a unit change in give n dumm y or other explanatory 

va riables. For such explanat! on the use of marginal effect is appropriate. According to 

Madala ( 1997) , the concept of marginal effec t usua lly important in prob it model. 

Marg ina l effect (OF/OX) exp lains in percentage terms the effect of a unit change in 

explanatory vari ab les on the probability of dichotomous exp lained variab le. However, 

the interpretation is qu ite different for dummy and numerica lly measured explanatory 

va ri ables . For dummy, marginal effect tel l us the effect o f change in dummy 

independent variable from 0 to I on probab ility of di chotomous dependent va riable. But 
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fo r numericall y measured, it te ll s the effect of a unit change in independe nt variab les on 

dichotomous dependent variabl e. For the study, Gender, Ma lTi tal status, Educationa l 

levels (Illiteracy, Primary and Secondary complete) are the dummy vari ables. The other 

variables are numeri ca ll y measured ie Age in years, and Di stance to transport fac ili ty in 

ki lometer (table 4.8). Marginal va lues are al so given in tab le 4 .8, and their interpretation 

is as follows. 

For Gender, marginal effect approximately equa ls -0.046 implying as gender change 

from male (hav ing 0 va lue) to femal e (having I va lue) the probabi li ty of be ing se lf 

employed would decrease by 4.6%. Conversely, the probability of wage employment 

increases by 6.4% (Appendi x VIII ). In other words it means female has less chance to 

be se lf employed than male counterparts. T hus, one can conclude from the result that in 

the study area (rura l ti gray) non- farm self employment in compari son to wage 

employment activities provided less chance to female than ma le. 

For Age, marginal effect approximately equal s 0.0020. It implies as the age of an 

indi vidual increases by a year the probability of being self employed will increase by 

0.20% . Converse ly, the probability of wage employment decreases by the same percent. 

Al ternative ly it means, aged indi vidua ls had a higher probability to be self employed 

than youngsters. Thus, from this result it wou ld be poss ible to say that in rural ti gray 

elders as compared to youngsters had got a better chance to participate in non- farm se lf 

employment activi ti es. 
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With regard to education: fo r illiterates margina l effect approximately equals 0.999. 

Meaning as an individual becomes illiterate the probability of being self employed wi ll 

increase by 99.9%. For those who are primary complete, the marginal effect 

approximately equals 0.205. Implying, for individuals who completed primary education 

the probab ility of being se lf employed will increase by 20.5%. Si milarl y, the marginal 

effec t for secondary complete approx imate ly equals 0.020. This indicate as an individual 

is completing secondary edu'cation the probability of being self employed will increase 

by 2%. Generally, one can say indi viduals at the highest educational level (for the study 

secondary) had less probability of being self employed as compared to individuals at 

primary and even illiterate in the study area. Higher level (secondary) found most 

important for wage employment though it is negative ly related (Appendix VIII) . The 

result is true because in the study area the majority of non- farm self employment 

activities were marginalized which generate lower income and didn't attract educated to 

engage in them. 

For Distance to transport facility, it has a marginal effect va lue approximately equals 

0.00099. The va lue implies as the distance increases by a kilometer the probability of 

being self employed wi ll increase by 0.09%. This indicated the fact that, in the study 

area, se lf employment act ivities were chosen more by individuals havi ng less proximity 

to transport facility than those having higher proximity. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion: 

The pape r has attempted to decompose the total income of 564 sampled households of 

rural Tigray into: farm income, non- farm income, remittance, rental income and other 

income sources. According to the study result, rural households of Tigray have got the 

largest share of income from Farm (82%) followed by Non- farm income (8.2%). 

Remittance, Rental income and other incomes shared the remaining 9.8%. 

When households are ranked by quantil e, the result indicated the relative importance of 

farm income to rural rich (h ighest quanti le households) than rural poor (lowest quantile 

households) i.e 87.1 % against 64. 1 %. On the contrary, the relative importance of non­

farm income and remittance goes to rural poor ie 12.6% against 6.4% and 9.3% against 

1.5% respectively. Rental income contributed the largest to households of second 

qua ntile. These result verifi ed when the contribution of income sources to inequality is 

determined. The resu lt has also explained, non- farm income, remittance and rental 

incomes identified as inequality reducing income sources whil e farm income inequality 

1I1creas1l1g 1I1come source. 

As the intention of the paper was to examine non- farm income and inequality, it has 

been identified that non- farm income, having the second largest income share (8.2%) 

with a higher source gi ni (0.824), was the largest contributor to rural income inequality 

4. 1 % as compared to inequality reducing income sources such as remittance and rental 
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incomes whose contribution was 0.06 and 0.03% respectively. On the other hand, farm 

income, the largest contributor to total households income & the most evenly di stributed 

(0.378) income source was also found as the largest rural income inequal ity increasing 

income source with contribution of 93.8%. From thi s, it is poss ible to conclude by 

saying, in rura l tigray poor households in comparison to ri ch households were highl y 

benefited from non- farm in~ome, remittance and rental incomes wh ile ri ch households 

hiehly benefited from farm income. Thus, if it is intended to reduce rural income 

inequality and there by minimize income gap that existed between rural poor and rural 

rich households, more work has to be done on income sources where poor households 

are relatively benefited. 

The study has also indicated out of the non- fann income sources (wage employment 

and self employment), wage employment identified as inequali ty reducing income 

source. Meaning rural poor were benefited more from wage than rural rich benefited 

from it. Thus, to minimize the income gap in the study area due attention has to be given 

to wage employment activities (community works and casual agricultural labor) where 

rural poor households are going to be employed. 

In an attempt to identify the determinants of non- farm employment, Probit regression 

has provided Gender, Age, Education: Ill iteracy, Primary and Secondary completed and 

Distance to transport facility as significant determinants. However, Marital status found 

insignificant. The result also identified Gender and Marita l status negat ively related to 

the probabi li ty of being self employed where as Age, Illiteracy, Primary and Secondary 

completed and Distance to transport fac ility positively related. Thus, we can say in the 
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study area, mostly male and elders were found highly involved in se lf employment 

activities. Besides, though educated al so involved in in se lf employment activities, 

illiterates have a higher participation rate. The reason is most of the non- farm se lf 

employment activities in the area were margina li zed , never attract educated, and provide 

less income. On the other hand , we can al so infer from the regress ion resu lt that rural ., 

households prefer to be se lf employed when transport fac ility was unavailable at near by 

distance; otherwise they use of the transport facility to be wage employed in other 

loca li ty or towns. 

Generally, we can conclude that in rural tigray non- farm se lf employment activities 

should be technologically supported and the transport fac ility should be improved for 

in2ccess ible areas for wage employment. 

5.2 Recommendation: 

The result obtai ned from HICE 2000 data have identified non- farm income, remittance 

and rental incomes as inequality decreasing sources while farm income as inequality 

increasing source. Of the non- farm income sources, wage employment also identified as 

inequality reducing. 

Thus, based on the study outcomes, the following recommendations are made: 

1. Wage employment: 

Out of non- farm income sources, wage employment is found as inequality reducing 

source. Implying, it benefited greatly of rura l poor households of the area. 
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Therefore: 

-Government should promote productive safety net programs in the area so that 

poor households cou ld generate additional income from employment. 

-Government should' work to Improve the transp0l1 facility in areas where 

transport IS inaccess ible so as to increase II1come from agri cultural wage 

employment in other areas. 

- Government should work more on education to increase literacy rate in the 

rura l area and thi s in turn provide additional income to poor from wage 

employment as a result of being employed in government or non- government 

organizations. 

2. Self employment: 

It is revea led from the ' study that the majority of non- farm self employment 

activities in the area in which rural poor mainl y engaged were inferior/ marginali zed, 

generating lower income. Thus, in order to improve income generated from them 

and benefit the poor, government should work on modernizing them. 

3. Remittance & Rental income: 

Both ha ve been identified as inequality reducing income sources largely benefiting 

poor households of the area. Therefore, 
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Government should create better transformation mechan ism 

which facilitate the transfer of remit and moreo ver promote migration 

- Government should help poor households to acquire asset such as li vestock and 

houses by facilitating cred it scheme. Besides, government should prov ide the ri ght 

to rent of land so that poor households can rent and get income whenever required. 

4 . Fina ll y, Government should give more emphasis to the deve lopment of the non­

farm sector in the area which is infant, for it acts as a route out of poverty in the long 

run and protect eco logica l deteri oration in a case where land is scarce, livestock 

deve lopment is poor, resource depleted due to extensive cultivation and as a result out 

put from agriculture is very minimal. Moreover, in line with the above mentioned, 

attention should be given to improve the agricu ltura l sector which provided the largest 

share of income to rural households ofTigray. 
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APPENDIX I 

Test of Heteroscedasticity 

According to Green (1997), one of the important methods used to test the existence of 

heteroscedasticity in Tobit and Probit models is the log likelihood ratio test (LR). The LR 

stati stic of testing the null hypothesis of homoscedasticity assumption is obtained by : 

. .. 
ALI' = 2 [Log Lu - Log L, 1, where 

Log 1" = the value of un restricted log likely hood function 

Log L, = the value of restricted log likely hood function 

ALR has a X' (n) distribution with 'n' degrees of freedom where ' n' is the number of independent 

variables. If the data donot support the null hypothesis ( homoscedastic assumption), then the va lue 

of the test statistic (ALR ) becomes large and null hypothesis is rejected; 

Ie if ALI' >= X' (n) 

In the study Probit model is used and the result of the test is given as follows: 

ALR = 2 [-47.806525-(-71.2653)] 

= 23.458775> X' (7) at 95% level 

The test statistics exceeds the tabulated value, implying hetero as a problem of the model. The 

problem needs to be corrected. 

• Unrestricted likelihood obtained by regressing the dichotomous dependent on independent 

•• Restricted likelihood obtained by regressing the dichotomous dependent 
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APPENDIX II 

Test of Multicollinearity 

Multicollinearity, as defined by Gujarati (2004), implys correlation among the different 

explanatory variables used. Multicollinearity is considered as a problem of the model if 

there is a strong correlation ( r>0.8) among these variables . The test result of the model 

is given as follows: 

COlTelate GDR AG MRT ILLT PRM SECD EDCN DSTF 

GDR AG MRT ILLT PRM SECD DSTF 

GDR 1.0000 

AG -0.1629 1.0000 

MRT -0.5068 0.1442 1.0000 

ILLT 0.2543 0.2004 -0.0983 1.0000 

PRM -0.1247 -0.2317 0.0525 -0.7192 1.0000 

SECD -0.0796 -0.0927 -0.0663 -0.1795 -0.0395 1.0000 

DSTF -0.0790 0.0033 0.0753 -0.0216 0.0614 0.0552 1.0000 

As shown in the above result, Multicollinearity is not the problem of the model. 
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APPENDIX JII 

Computation of Goodness of fit 

The likelihood ratio index (LRI), equivalent to R2 in a conventional OLS regressIOn 

model, is used to measure the goodness of fit of the probit model. It is computed using: 

LRI = 1- [In L" lIn L, ], where 

In L" = the value of un restricted log likelihood 

In L,. = the value of restricted log likelihood 

LRI value lies in between 0 and 1. If it is one it implies 'perfect fit'. As to Green (1997), 

values between 0 and 1 have no interpretation but as LRI approaches one it shows 

improvement in goodness of fit. 

The value of LRI for the model is shown below: 

LRI = 1- [-47.8065251-71.2653] 

= 0.3 31 
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APPENDIX IV 

Pro bit Regression for Non- farm Self Employment 

Variable 

GDR 

AG 

MRT 

ILLT 

PRM 

SECD 

DSTF 

Constant 

Number of observation ~281 

Max. Lh ~ -47.806525 

Pseudo R' ~ 0. 3124 

Coefficient Standard error Z P> I Z I 

-0.8415622 0.3422756 -2.46 0.014 

0.046474 0.0135537 3.43 0.001 

-0.1356081 0.2973946 -0.46 0.648 

8.421419 0.9438101 8.92 0.001 

8.591894 0.9735221 8. 83 0.001 

5.810569 

0.0228404 0.013421 1.70 0.089 

-8.266615 1.046924 -7.90 0.001 

APPENDIX V 

Pro bit Regression for Non- farm Self Employment with Robust 

Number of observation ~28 1 

Max. Lh ~ -47.806525 

Pseudo R2 ~ 0.3124 

Variable Coefficient Robust Z P> I Z I 

Standard error 

GDR -0.8415622 0.3048324 -2.76 0.006 

AG 0.046474 0.0123022 3.78 0.001 

MRT -0.1356081 0.2868439 -0.47 0.636 

ILLT 8.421419 0.6815065 12.36 0.001 

PRM 8.59 1894 0.8328634 10.32 0.001 

SECD 5.810569 

DSTF 0.0228404 0.0093242 2.45 0.014 

Constant -8.266615 0.6967687 -11.86 0.001 
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APPENDIX VI 

Probit Regression for Marginal Effects of Non- farm Self Employment 

Number of observation =281 

Variable Marginal effect 

(Df/Dx) 

GDR -0.0458495 

AG 0.0020165 

MRT -0.0056724 

ILLT 0.9997536 

PRM 0.2054621 

SEeD 0.0204555 

DSTF 0.00099 1 

Log likely hood= -47.806525 

Pseudo R' = 0.3124 

Standard error Z P> IZ I 

0.0250335 -2.46 0.014 

0.0008317 3.43 0.001 

0.0121604 -0.46 0.648 

0.0003053 8.92 0.001 

0.0741135 8.83 0.001 

0.0 126 103 

0.0005884 1.70 0.089 
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APPENDIX VII 

Probit Regression for Marginal Effects of Non- farm Self Employment 

With Robust 

Variable Marginal 

effect 

(Of/Ox) 

GOR -0.0458495 

AG 0.0020165 

MRT -0.0056724 

ILLT 0.9997536 

PRM 0.2054621 

SEeD 0.0204555 

OSTF 0.000991 

Number of observation =28 1 

Log likely hood= -47.806525 

Pseudo R' = 0.3124 

Robust Z P> I Z I 
Standard error 

0.0213531 -2.76 0.006 

0.0007443 3.78 0.001 

0.0119994 -0.47 0.636 

0.0002361 12.36 0.001 

0.0551863 10.32 0.001 

0.0106181 

0.000535 2.45 0.014 
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APPENDIX VIII 

Probit Regression for Marginal Effects of Wage employment 

With Robust 

Variable Marginal 

effect 

(DflDx) 

GDR -0.0638 107 

AG -0.0021421 

MRT 0.0036588 

ILLT -0.9999414 

PRE -0.1088382 

PRM -0.2242041 

SEeD -0.0313747 

DSTF -0.001332 

Robust 

Number of observation =307 

Log likely hood= -56.8341 24 

Pseudo R' = 0.2580 

Z P> I Z I 

Standard error 

0.0264343 3.01 0.003 

0.0006956 -3 .23 0.001 

0.016031 0.23 0.821 

0.0000615 -12.27 0.001 

0.0328288 -9.83 0.001 

0.0518152 -1 0.54 0.001 

0.0126927 

0.0005784 -2.67 0.008 
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