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A bSll'OCI 

the oilll onhis sllld)l is 10 apply Ihe linear nesled classificalions and panel dalall10dels 10 assess 

Ihe "oriulion al1lllhe ,\'II'I/Cll ire o(lhe 1"lh iol'ioll/im'ign II'I/de oj exporls based on {l1I17I",1 expo,., 

datu ji'Oln1970 10 200 7. 'Ihe IIsse,lSlllenl o/,Ihe "(f/'ialion o( IIIe Elhiopianjoreignlrade o(exporls 

is dOlle b) ' Ihe lineur nesled classifications and Ihe assesSlllel1l o/, Ihe sll'l/cilire is dOlle hy Ihe 

panel do/(! 1/10dels. The reslIlls indicale 117111 Ihe Ohiol'ion jbreign Imde a( expOI'I is elependel1l 

on Ihe HIJol'lo(ugriclilliiralprodlicls Cind skin om/leolher across Ihe COl1linenlS o(, I!i'icCi, Iisiu, 

1:'lIrope IIml.Vorlll ;i lliaim. the slrllcllll'l/Ilrelld imlicutes Ihal Ihe expoI'I II'I/ele is gm1\'ing 1\ 'ilh 

lime (.(1 /'um/om gl'o lVlh role. 

I\el ' 1\'0)'(1.1': Foreign lrarie, varialion ot:joreignlraele, S/I'I/ClUre o(lrade and groll'/h. 
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Cha pte r O ne 

INTRODUCTION 

1.1 BA CKGROUND 

1.1.1 The foreign trade 

When we compare one country to another IVe can sec diffe renccs in economic structure and 

econom ic dcpendence. 'Thi s econom ic dependence creates economic intcrrelationships among 

the countri es in the real wo rl d. As a consequence. I(nci gn trade comes into e~ i stence. In general 

this trade covcrs many countries in the world : due to this wc can say foreign trade is an 

internat ional trade. 

An international trade is partl y a micro level and part ly a macro level trade. The micro level is 

tha t an international trade inllucnees the output (the sel ling price) choices and the input (the 

bUl'ing price) choices in evcry country in the world . Th is shows us that international trade 

to uches the micro economy 01' each or the nations . When we sec the macro level, an international 

trade is concerned with the economi c relati onshi p among nations. In thi s case. al l thc ideas and 

pri nciples of macroeconomic theory can be applied to the internationa l trade. Therefore. from 

these two reasonings we conclude that international trade is part ly micro level and partl y macro 

level in its structure. 

1.1.2 The imp orta nce of for eign trade 

Today interna tional trade has its own importance in our world. About 15% or the wor ld' s output 

is traded in thc interna ti onal trade. /\nd it is also consiciered as one or the identili er iCatures or 

st rong nations in the world. The importance or the international sec tor varies enormously rrom 
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place to place on the planet. Even though international tracle is important to every country in the 

world. it s importance is cliiTeren t among nations. Somc nations arc almost closed econom ics. 

with roreign tradc equaling on ly a very small proportion of total ou tpu t. while other nati ons arc 

open cconomy toward s the international trade. Onc 01' the most striking characteristi cs of any 

relatively poor natio n unde rgo ing a substantial amount of economic grolVt h is the decline in self­

suflicicncy. In gcncralthc fea tures of those nations arc not strong in their economy. 

1.1.3 The economic partnershi p 

Internat iona l tradc cons ists o r the export trade and import trade. Accord ing to the demand and 

supply or the international market structure, the world countries created economic 

in terrelationship. Thi s econom ic rel ationsh ip is called economic partnersh ip. The economic 

partncrship is onc or the determinant factors or loreign trade. Actually the main benefit li'om 

increasing exports is usual ly to increase the capacity to impo rt intermediate inputs and other 

goods and services which arc necessa ry or help to I()ster ceonomie deve lopment in thc domestic 

market. There arc many stud ies wh ich show the positi ve efTects or exports but very iCw I()eused 

on rhe role or im ports . and th is stuci y contributes on the rule 01' exports. The cont ributi on or the 

inciustrial sec tor to the non -i ndus tria l sector is twofold: directl y providing in termed iate and 

c;lpital goods to no n industrial secto rs and indirect ly increas ing exports and the capaci ty til 

import loreign inputs whi ch contributc to domest ic produc tion (Gu isan. 2008) . 

2 



1.2 STATEMENT OF THE PROBLEM 

In the history or Uhiopia. fore ign trade and exchange of goods is startcd at the ancient ages. In 

the tillle o r the Axulll Eillpire there was a trade among neighboring countries in the region or the 

Reel sea. This trading system has its own importance and cons iderable influence on the exchange 

01' g.oods among co untries around the region during that timc. 

Tlw Lthiopian fCl reign trade 01' export is dependent on the export of few agricultural 

eOllllllodities. For long periods oftillle , coffee is the leading export itelll or Ethiopia. I:or instanec 

in 19XO/o I Ethiopia was the 6th largest exporter of eofTee (Atlas Ethiopia, 1981). Next to corfee. 

thc country exports skin and Icather, oil seeds, cereals. chat and other similar items. 

The major importance of this study is to provide quantitative information about the variation and 

the structure of the Ethiopian foreign trade of export. In the case of' this stud y. great eillphasis is 

gi"en to the reven ue f'rom the export items (rcsponse variable) in order to assess the variation and 

the structure or th L' Fthiopian fClreign trade or exports across eon ti ncnts. In the asscSSlllcnt or thc 

va ria tion. we arc concerned with the identification of the least and most influential continents 

and e.sport itcms that have illlpaet on the export trade or Fthiopia. while in the assessment or 

st ructure. wc arc concerned with its nature. The study of the variation of the Ethiopian foreign 

trade 01' expo rt is done by taking the aggregated re venue fr0111 export according to the export 

itcms .. And. the stue!) of' the structure or the Lthiopi an iorcign tradc or export is donc hy taking 

rewnue Itl!'lll export with the quantiti es orthc itel11s ofcxport (predictor variables). 

3 



1.3 OBJECTIVES OF THE STUDY 

1.3.1 Ceneralobjectiv(' 

The major motivation of thi s stud y is to prov ide quantitati ve information about the variation and 

the structure of the Ethiopian foreign tracie of export. According to this. the general objecti ve or 

the stuciy is: 

• To deve lop a statistical model that can sho w the variation of the Ethiopian ICl reign 

trade 01' exports and to in vesti gate its structure. 

1.3.2 Specific objectives 

o To estima te the elTeet 01' export items within continents on the Ethiopian foreign 

trade or export. 

o To estimate the effects of export items across continents on the Ethiopian lorcign 

trade of export. 

o To de termine the dynamic/static nature 01' the items of export on the Uhiopian 

iC)I'ci gn trade 0 1' export. 

o To assess the perlormance of the I:: thiopian loreign trade of export with respect to 

the economic growth rate. 

o To determine the between and the within variability of the I:thiopian loreign trade 01' 

exports with respect to the continental categories, 

4 



1.4 S IGNIFICANCE OF THE STUDY 

Thl' st udy will cont ributc an econometric/ statist ica l mode l of the Ethiopian foreign trade of' 

ex ports, Thc lol lolVing arc the important applications oj' thc study: -

• The stud y will provide statisti cal information abo ut the structurc of the I:thiopian 

ic)]'c ign tradc of ex port, 

• The st ue" will iden tiry the mos t and the least innucntial continents on the I:thiopian 

Ic)rcign trade or export, 

• Thc stud, \\'ill idcntify the most and the Icas t dom inant itcms that determinc the 

Uhiop ian iorcign trade of' export. 

1.5 LIMITATIONS 

\~O Sl of the lim ita tions oj' the stllll ) arc associa ted \\ itll the assump ti ons that are t'lkl'n b\' the 

st uciy, Thc lollowing are the limitations of the study:-

• The st udy has no knowledge and inlormation about the ex istencc or structural break 

in the Ic)]'cign trade or I:thiopia, i\s a result. the study assumed tha t there is IlO 

structural break Oil the I()reign trade ol'l :thiopia, 

• The study cstimates the itcm elreets bct\\'een thc cont inents: it docsn't estimatc thc 

itcm elree ts of different countr ies within thc continent on thc Ic)]'c ign trade oj' 

I,: thio pia, 
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CHAPTER TWO 

LITERATURE REV I EWS 

.\ Io st o r the empirical stud ies or foreign trade rail into one or two basic fram eworks, the 

import/export trade and the economic partnership, This paper rev iews the literatu re dealing wi lh 

the elleets or continents and the items 01' export on the I()re ign trade of Ethiopia, The overall 

ev idence is best charac teri zed as mixed as the resu lts arc sensit ive to the choices or sample 

peri od, Illudel spcci li cation, proxies 101' ericets 01' continents and Ihe export items. !\ umerous 

empirical st udies have been co nducted to investigate IVhether Ethiopian forcign traclc or export is 

in ll uenced bv the export it ellls, II is widely be lieved that increasing the agricultura l export tracic 

contributes a lot 1(11,the growlh orl he i: th iopian economy. 

/\etually there arc many research papers that deal wilh foreign trade in general. .\II ost o r the 

research papers arc dea lt" ilh it s e lke t on the exehangc rate and a kw arc on the c'Cllllllll1ic 

pa rtnership and the share of a given country. The empiri ca l sludies usc stati sti ca l or econometric 

models to investi ga te the so luti ons to their problem domains. 

2,1 EMPIRICAL STUD I ES 

One "I' the empi rical studics that we arc go ing to sec is thc rcsearclt pape r on the llnt/.ilian 

lo rl"ign trade or imports (Mc'rais Cl. al. 20(4). The paper uses the Marko v Switching model to 

cheCK the characteristics o r tlte Ilrazilian demand le)r import s based un an nual da ta I'·om 1947 to 
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2002 and on quari~rly data J'rum I <)78: I to 2002: II, The results show that th ~ model sat i sl~ldori I) 

describes the structural and perJ'ormanee charactc ri stics o j' the 13ra/.il ian f'orcign trade of imp0ris 

in the last decades, When the ceononw \l'a s in a 10\\ state oj' growth or in a recession at th~ early 

timc's, the demand l'or ill1p0riS \l'as much small. Wh~n tlr~ eeonom) was in a hi gh gro\\th stat~ in 

recent , 'cars. th~ demand l'or imp0ris is e" paneling much, These switches arc gove rned by the 

transiti on probability matrix . The long-term ana lysis. based on annual data. all owed l'or the 

iden tilieation oj' cycl ic periods 01' the imp0ri trade closure and openness that coinc ide with the 

his torical cvents o l' 13ra/i lian cconomy, The analysis, based on quarie rly data. indicates diJ'rcr~nt 

el a s ticiti~s ror a reg ime with rise and 1 ~r11 in imporis, 

I'hc' r~searc h paper th.1I studi ~ s about the balance oj' th~ l'oreign trade o j' I:rance using tillle series 

models ( I' luyaud, 200H ) is summari/,cd as l'ollo\\ s, Thc maj or objective oj' the s\lld )' was to 

lk tcrminc the e ffects o f the f()reign trade ot' France on the balance of the overall foreign tralk oj' 

tile countrv, The I,aper presents equations I(H intra and ex tra euro area trade I'or I:rance, V()lum~s 

and prices oj' imp') ri s and exports of goods nrc moclcled, Dynamic simulations, res idua l tests and 

ro llillg fore-casts illdic:nc tha t the equat ions ha\'c sal is lnCIOr) ' I()recasting properties. Among ot her 

r~sLllts. it ro und tha t a strongn long run clast ici l) tll price cOJ1)petiti\'cn~ss I(Jr intra than If)r extra 

curo area exports. and posilive contributions o r pr iee competitiveness to non ene rgy import 

gro\\ th s ince 199<) , probablv due to evolu tions in costs rather than in exchange rates, The paper 

IIldicatl'd that. I(Jr the lo ng I'll '] extr,1 ~IIrO area exports arc affected by the vales or the exc hang ing 

CO lll1l1{Jd!tics to t h~ country. 
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/\ r~seareh paper that studi es the balance of the l'oreign trade 01' India with its nin~ trading 

parlners Ciennanv. Canada . Japa n. UK. USA. France. lIA I:. Switzerland. Australia and Sweden 

(I'rasad el. al. 19(6) is summarized as I(l llo\ls. I'h~ paper uses multivariate co integra tion 

models to determ ine the balance ol'thc I()reign trade or India. Thi s paper attempts to modcl the 

bi la tcraltrack balance between Indi a and nine or it s major trading parlners (accounting I()r 65 'X, 

of it s total trade with the noncommunist bloc during the decade of the eighties). A monthly 

analysis lVas conducted If)r six oui of the nine count ri es. and a quarterly ana lys is l'o r the 

remaining three countri es. One or the major and robust conclusions or this study pCrla ins to the 

eff'ceti\'e ro le plaved by the exchange rate in influencing the trade balance. 80th the real and 

nominal exchange rates enter all the co integrating vectors with the correct sign. Furthel. the real 

exch:lI1gc rate is signil icant in all cases except Canada and the nominal exchange rate in all cases 

~xe cp t I:rane~. Th~ h:,pothesis howe\ er merely predicts that proportionate ris~ in dom~sti e and 

I() reign incomes docs not lea\e the trade ba lance unaltered. but docs not speciry whe ther such a 

change a!'lccts the trade balance Elvorably or adversel v. The paper eoneludcd that 1(lI' three or 

Ineha ' s trad ing p'lrtners the net impact of such a change is adverse. whereas lor the rema ini ng 

liv.: it is lilvorablc. 

When \\c come lO research papers in Arriea. \Ie lind the study madc by I':gcsa (1007) . J'h~ aim 

or the paper "'as to esti mate the long run structure or the rorei gn trade of Uga ncla using lhe co­

in tegration ~(lrr~l;,tion mode ls . The result indicates both an increase in the volul11e or trade as 

\I ell as eOl11modit \· shifts \I·it ll thc share or agr icu lture export s railing and oil imporls ris ing in the 

post trad~ Iiher,r1 i/.a tion pL'r iod. The long run esti mates shol\'cd 10\1 respon s i\ ' ~ n~ss or 
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agricullUral cxports to price and del 'eiopmcnts eomparcd to aggrcgate exports cOl11priscd 01 ' a 

large share or non-agr icultural commodities. IlolI'eve r. agricu ltu ral expo rt s showcd more 

rcspons iveness to c h~nges in trading partncrs' income compared to aggregate cxports. For 

ill1ports, oil im ports wcre more rcsponsivc to both priCe and income changes compared to both 

aggregate and non-oil imports . It lias not possible to diseern frol11 thc re sult s a signili cant 

cxchange ratc effect on imports. The rcsult s suggcst that. Uganda's potcntial po li cy options l'or 

harnessing gains from trade Iibcr,i1i/.a tion inc lude promot ing valuc addi tion among agricu ltu ral 

cx ports as well as promot ing stability in domcstic prices and thc exchange rate. 

When we come to studies on Ethiopian l'oreign trade of imports. lirst we li nd the parer whieh 

lI'as done to deterl11ine the dcmand of im po rt s (Teig ist. 2(06). Pctrolcum imports showcd an 

increasc or 18 .3 pcr cent from the yca r 2003 /04 and. 55 pcrccnt on all oil products cOl11parcd to 

prices In ~004/05. Machi nery and equipment. chemica l products. transport cqu ipmcnt. rail 

lllaterials ,1Ild lll ill~ rals dom inate thl: o\crall Imports 01' the coulltr). SignificClI1l incrcHscs in 

ilnr'orts or rail' nHitcrials (89 pe r eCIll) and ca pital goods ( 125 per cent) wcre obscrved in ~004/O5 

cOl1lpured to thc prev ious ycar. It is expect cd that thc expansion in industrial production and. the 

in ternational priee ri se lilr mctal products such as iro n shect and stccl. are expec ted to further 

increase the va luc ol' imports in to "thiop ia. The import 01' cereals was rclative lv stable while that 

of aircrai'l has slight l)' increased sincc 2003104. "thiopia has made signilieant reductions in 

import lardf rates <JnL! dispari ties . Th~ qupw system. contingenc) restrictions and sC~I ~onallarill:-,. 

II hi eh IIcre applied on used clothes and seeuritv/saJ<:tl ' sensit ive it cms, have been abolished. 
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I.ike most or tile Least Developed COllntrics (LOC's) in Arrica. Ethiopia exports rew 

cOlllmoditics that arc mainl \' primarv goods in the in te rn at ional markel (Chane l·1. al. ~ ()O -I) . 

Indecd. around 80% 01 ' tOlal export s compri scd agric uliu ral and food products over Ihe period 

1995-1001. I.eather and leather producls. lexti les and ga rments rcpresented 17%, wh ile mini ng 

produels represenled 2'0,- l\ l1lo ng the agricultural exports. co i'l ce represcn ted as much as 50'Yo in 

1001. J"ollow<:d 0\ \'Cget'lb le products (13%) and dried beans (12%). sesame seed (12%) and raw 

cane sugar. The live major Irading partners o r i: thiopia in terms or exports (in decreas ing order) 

were: - the EU. Djibouti . .Japan, Saudi Arabia and the United Slates since 1995. Over Ihe pe ri od 

1995-1002. the r·:u. within which lial y. Germany and the Uni ted Ki ngdom re presented the major 

players. rema ined the lirsl buyers 01' I: thiop ian export s. The export st ructure has ex perienced 

some limilcd improvemcnts in terms or produc ts and destinat ion divers ification as well as in 

Icnns or higher degree or pmeessing. 

/\ research paper Ihal indicates the share and the Slrueture or the I:thiopian f()rcign Ir'ldc 01' 

imp0ris was done b)' Ihe Eth iopian Mi nislry or Trade (2002). Thc paper indicated Ihallhe major 

share ol'I ': lh iopia's import expenditure goes 10 non-durable consumer goods . which took 37 'Y., or 

:111 Ihe import values in the las t decade . Capil al goods had a sharc or 17 perecnl /() lI olVed by 

s~lTIi-proecssed goods (15%). raw ma tcrial (13%). durab le consumcr goods (12%). cle. The 

maj or suppl icrs 01' Lthiopia's import s ha vc been Europe. Asia and Ameri ca. In tcrms or sharc. 

I;urope \Ias num ber onc with a sharc or 43 per cent. As ia's share in Ihe decade- long imports or 

I-:thiopia \las aboul 7 per cenl. Overall CO~IES/\ region :ICCOUlllS onh l(lI" ,% or lhc IOlal glohal 

imports ol'lhe cOllntry. Among Ihc COMFSi\ mcmber co untri es . Djibouti was number one wilh 
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a share 01' 46 per cent lollo"cd by ICcnya with 31 per cent share, The third and IOLirth were Eg) pi 

and lil1lbabwc wit h shares 01" 14 and 5 per cent. respecti ve ly, 
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3. 1 TH E DATA 

CHAPTER THREE 

DATA AND METHODOLOGY 

3.1.1 The source of the da ta 

The data lor thi s study are secondary data wh ich arc obtained from the Icthiop ian Custom 

/\ ut hor it v CECA) in/ormat ion access departmcnt. The da ta was eolleclcd fo r vario us aCl iviti es 

do ne in thc last I I ycars (rrom I ()97-2007) o r the Lthiopi an fClI"cign tradc , SO l11e sup porti vc data 

Illl" the study are obta incd rnlll1 COl11ll1ereial l3 ank 01' Eth iopia (C I3I.: ) and the Ccntral Sta tis ti cal 

Agenc), (CSA) \\ hieh contains data 01' the rcvenue li'om the export trade or I:thiopia r)'(lm 1970· 

2007 , 

l ile' l'~port data lonwins annual data rrom 1997·2()07 on thc coun tr, or desti nation, rl" enUl' 

li'o lll ex port and the quantit ) 'lIlel the qualit y of Ihe e,sported item, 

3, 1. 2 T he va ri ab les se lected 1'01' the st udy 

I'lle' seke ti on ol'lhe independent and thc dependen t ,'ariab les lor the study is done b,' the logical 

in te rrelalionship or the vari 'lb les with rcspect to Ihe objcet ive or the study, 13ascd upon the 

general and the specifi c obj ee ti vcs or thc stuel y, \\ C select the variables by mcrging the cxport 

items as lollows, 
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The ""port , ariah lrs 

I, I'h~ r~ve n ue obtained 1'1'0111 expo rt ol'thc item , (\ J, 

') The quanti ty o r the export items, 

3. 1.3 The selec tion of th e dependent and the independent variables 

In most sta ti sti cal and econometric anal ys is thc se lect ion or the dependent and the independe nt 

,ariabk is one 01' thc most chal lenging parts or the stueh, In thi s stueh" thc dcpeneic-nt ' ,triahle is 

the rewnue rrom expo rt s, The reason behind th is arc:-

• In the analysis or international mark cting systcm, ror a fi xcd quantit y 0 (' item thc 

price o r thc item is continuously changing wi th positi on and timc, /\ndt his supports 

th at the revenue rro m expo rt is probabili stic in nature, 

• /\ecordi ng to the gene ral obj ect ive 0 1' the stud v, the pe rllHm8nee or the I,:thiopian 

I{)rei~ n trade a i' export is measu red in terms or the amount o r thi s re"enue rrom 

expmt ",hich is dependent on the qual ity and qua ntit y orthe export items, 

And, the independent , 'ariables are the quanti ty or export items (i n metr ie tons) categorized as 

1() ll oII s:-

I, /\ gricu ltural products (/\G) 

') /\nirnal and animal products (AN) 

:;, \kt<lls and Minerals (1\/II J 

,I. Skin and I ,(<lthcr (S K) 
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3.2. METHODOLOGY 

3.2.1 (;cncral ass umptions 

The lollowing arc takcn as thc gcneral assumptions lor our analysis, 

• Ilot h the dependent and the independent va ri ables arc conti nuous , 

• The dependent variabl e is multivariate normal. 

• There is no struc tural break on the Ethiopian loreign trade oj' export. 

• The item e lTc:e ts arc independent or the continental effects on the I'thiopian 

Illl'e ignt rade ol'expon, 

• The quantities of the items ol'expon are l11easured without error. 

3.2.2 Con tincntal categorics 

Th is stud y is donc bv classirYilig tli l: trading partner l:lluntrics or Lthiupia into livc-co ntincntal 

cmcgori cs, The need lor c1ass il'ying the countrics into continental ca tegories rather than 

cOltsideri ng themselves in the analysis is because oj' the lallowing reasons: -

I, There arc cou ntri es IVhose trading partnership with Lthiopi a is least sign ifica nt. 

I'he re arc shifts 01' trading partnerships aillo ng the trading partners and I:thiopia (1\'er 

time, 

3, Incl uding all the countries in the \\orlel to assess the variation oj' the Ethiopian I'oreign 

trade or ex pon s over time will create the cllnsidcrati on or many variables, As a r,'sult. the 

statistical L'COlloIlH.: tr ic anal:'sis may not be pn.:cisc. 
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Once liT see the reason behind the need or conti nental catego ri es. the c1ass ilication i, done as 

f(1 11 (lI\ s. 

Cat l'go !'" I . Arri ca (which includes all Ati'i can coun lries Ai' ). 

Cl1t egory2. /\sia (which includes all countries in Asia and Aust rali a AS) . 

Ca tego ry3. L:urope (which includes a ll count ri es in Europe EU). 

Catcgo ry-l . North America (which includes all countries in North America and the Caribbean 

NA) 

Cafego n ·5. South .'\me ri ca (\\h ieh incl ude ,> all eou llirics in South America and Oceania S.\). 

Ilascd upon thcse eon tin ent<1i categories. the va riation and structure or the Ethiopian ro rei gn 

trade 0 1' c-' pon II ill be discussed in delai!. The identilication or the moSI and least imponan t 

continents 10 the I: thi opian cxport trading system II ill be in vestigated . Moreover. the economic 

in tegrat ion and the nature 01' the t-:t hi opi an I(l reign trade or ex port lI'ith the cont inen tal categories 

will be sl udied. 

3.2.3 The mod el 

3. 2.3.1 Th e two way Ill'sted classifications 

TI1I.' tllO lI 'a)" nes led classilicut ions are linea r models hav ing two independent filetors in whi ch 

one 01' the 111ctors is nest ing the other fact or. I\ 10re speeilical ly. given IWO lae tors A and 11. the 
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levels of 13 are said to be ne;,ted "i thinthe levels 01' A. or more briclly 11 is nested within /\. if 

ever\ Ie\els 01'13 appears with each Ic\'el of A. These models are eOl11l11only known as nested or 

hier;lrehical 1110dels where the levels of factor 13 are nested wi th in the leve ls of filetor A. 

In order to lise the two way el assilications to analyze a givcn pro blc l11 , thc observat ion;, I11I1St be 

randol11 ized. Thi s will help liS to create independence among observati ons. The randomil.alion 

prol:cdure is done by assi gning randol11 numbcrs to the observations and arranging them 

accordingly. 

The 1110del of the nested class ifications is given as: 

)J = P + a -t fJ -I- E .i = 1.2 ..... k. i = 1.2 ..... 17, 1 = 1.2 .... .r 
• 1/1 I /, '" I'I 

( III 

\\ here 

I I f· I ," II ' I ·Ih Ie' I' I .,,, . I' . 
) 1 - the observec \'a ue 0 11e t ee Irol11 t1e J neSlCC ,actor wlt11n t 1e I ncsllng ac lu l'. 

'I' 

1I - Iht.: I.!.rand mc~m. , ~ 

fJ I' the / ' I'aetor nested under the i'h nesting lac lor efreels. 

I ·~ . f' j'f' a = t 1C 1 nesting aclor c eels . ., 

c ~Ihc randol11 erro r ol' the 111 0de l. 
( ... I'I 

16 



:1.2.3.2 Mo del as'Lllnption s 

• The random errors arc scriall y uneorrc la ted 

I.e. c[r: r; ,] = O. Vi 7' i' 01" j '" j' or I " t' 
... {I I i I t':j 

• The expected valuc of the random erro rs are ,em 

/. e. rtf' J= 0 C ... /1 I 
V i.j.1 

It The ran doJll errors have common constant va ri ance. 

l.e/o"le ' I= '" ( ... ./1 V 
V i.j.1 

• Th~ random errors folio\\' normal distribution 

i.e r; - .V(O.,, ' ) 
1" v 

3.2.3.3 Advllntagcs of the two way ncsted classifica t ions 

Instead of using the factoria l anal ys is, the two way nested elassilieations is ap propri ate to the 

Sl ud )' of Ihe \'ar iation o f natu ra llv hierarchical belors because 01' the foll owing advanlages. 

• The 1\\'0 wa), nested classilieations ",ill allo\\' us to delermine the between and the 

wilhin varialion 01' the neswd I>letors. 

• The 111 0 way nested elass ili ea ti ons ",ill contribute to the ana lys is precision by 

pro\'id ing large deg rees of freedom to the nested factor. 

• The 111 '0 way nes ted elass ilicat ions will allow us to in terpret the importance or 

nested I~lctors in a gi\ 'cn nesting factor. 
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• The two way nested classilieations will allow liS to compare" given nested 18etor 

across difrercnt nesting factors. 

3.2.3.4 Inference abou t variation usi ng the two way nested class ifi ca tions 

The systems of lincar equa ti ons arc: 

P + a i + {3 J:i + C; )11 

(1.2) 

Y = J.-l+a+{3 + 0 
III 1 1:1 0 11:1 

Y = JL+a+{3 +0 
11 2 I 1:1 012:1 (1.3) 

Y kill 
p+a +/3 + 0 .. k I/:k C, 1/1 :k 

nll' s\'stem ol·linear equations in the matri x 10rl11 is given as: 

Y=XY+E (14) 

w here: X=I L:j ,0 /.:/ ,,,6) /] 
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Y," JI 
E", 

/ = 

y", a , 6"l:l:1 

hi 
II, 

E L.t }' ~ Y y = a, 1: = I" 
'I' 

/3L1 / /, 
/ -, _. 

nkT,1 

/ Y,,,, /3", li-'lI l/; 

nTri nkhl (nk + k + I).rl nk 7\1 

Th~ no rmal equal ions arc: 

X' x[)' = X' Y (1.5) 

where: [xvl'= I .. ,y ,y , ... ,y ,)) ,y , ... ,y , .. . ,)) j LY... I 2 ~ I L 12 IJ Ilk. 

II T 

) ) - "'''' V II ~~"" /II 
I 1 I I 

I 

and y , = Iy", , , 

Somc imponanl properl ies or Ihe malrix .I'.\" are: 

I. Thc order 01' .I' X = k( n+ 1)+ 1 

II. The ra nk or.I".\" . kn 

111. The .I".\' malri.' consis ls k (n i I) 1 1- kn ~~ i I linearly depencicnl rows/ columns. 

J'h Lse Ihr~e ill1pOrlanl properlies or Ihe X ' .\' ll1alrix \I ill he lp us 10 solve the normal cqualions 

and dc\'clop orlhogonal conlraSIS or the Icslablc hvpolhcsis bascciupon our need. 
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Sin(e thc incidcnce matrix is not or rull ranK. we ha\'c no unique solu tion to thc es timatcs or the 

par<llllctcrs. nut therc arc infinitci) many solu ti ons to thc normal equat ion beeausc the system of' 

linear equa tions is cons istcnt: and among these in finite so lut ions thc lo ll owing rules arc 

prescl"\'cd: 

I. Therc arc nK lincarly indcpende nt sol utions. 

II. The regrcss ion sum or sCJ uares is in va riant (una ffec ted) to the choice o r one of the 

solutions 

Ilecause or thesc two im po rtan t ru les ou r steps are :-

I. To solve tlie normal equa ti on and thcn calculate the approp riate sum or squares. 

2. We use the X' X matrix to ea lculaw cont rasts f(ll' our hypothesis to be tested. Since the 

nli1k of' X' X kn. \\c can have kll orlhogonal contrasts "bout the variation or Ollr t~Sl 

prob lems. 

f'lw normal equat ion is solved by the mct hod or the genera lized inverse o r the X'X matrix. Onc 

orthc general ized inverses or the X'X matrix is: 

O (k l l).l"(k i l) O( k ' I )Ikn 

G= 1 
O kll.l'(k II) T Ikll 

( I .G) 

" -I hen one orthe so lntions is cqn:llto: b = (0. 0 ... !l.y .y .y .. .. V ) 
Il l :! 13 ,., kll 

( 1.7) 
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1"11.: 'llillS of squar~s 0 f i nt~rest are: 

• The total SUIl1 01' squares 

k /I T 1 

SS I' ~ L L L);' 
'I' 11 J ,,- 1 

( 18 ) 

• The regression SU Il1 ai' squares 

SS R = Z/'(')' 

( 1.9) 

• The SUIl1 o l'thc squares about the ll1 ean 

, 
SS M =i< nT( ) / ) ( 1.1 0) 

• I'he SUIl1 of squares or' the continental elleets 

, , 

Ii(a , II ) nTLF (1.11) 
, I 

• The SlIll1 o l'squares of the continental effects after lilting the ll1ean, 

lI( a , p ) - I? (a ,'p )- SSM ( 1.1 2) 

• The SlIll1 o f the square of' the item crr'ects after lilt ing the cont incntal cllee t, anel the 

mean. 

11(/3 : a " p) =SSR-I?(a ,'f/) 
" (1.13) 
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• The sum "f the squares alk r li tting the mcan. 

SS Rm ~SR-SS 1" 1 (1.14) 

• The error sum of sq u:lrcs. 

SS E =SS I-SSR ( II 5) 

Testab le functio ns and testi ng hypothesis 

In linea r models of not full ran~ , there is qucstion about testab il ity of the hypothesis. Thc concept 

tcstability is directly related to the estimability of the linear fu nc tions whi eh are originatcd 

because "I' thc prcsentation ()I't he hypo thesis. Therelore. in ordcr to determine the tcs tabilit,' of 

our h\'pothesis, IIC need to identif'y which linear I'unctiuns arc estimable I'unetions. i'.st imablc 

functions arc fun ct ions wh ich arc cxactly eq ual to the linear function of the cxpected valucs of 

the obscrvatio ll s. 

\ia ',hcmaticall) ,lline,lr f'unctionlt' is estimable if' 

It' c'I:'I)' 1 
'" 1/1 

for Sl) llll' \ ector l'. 

l\ nd a linear combina tion 01 ' an cs timable function is cstimab le. l1 ascdupon the undcrstanding of' 

these concepts, thc Ic)lIowing lincar functi ons arc cst imablc in the tlVO way nested classifications. 
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Table 1.1: i'stima tors or cstimable Ilillctiolls 

Lstimablc runcti(ln l Var iancc "I' lll JI.L 

p -t a +(J 
, I' Y" (5 '/7 

IJ - Ii" Y,,- Y", 
, 7 

(f(7) 

F-Calculatcd 

r 
Y" 

MSf 

Cy-y,)' 
'/ If 

- t--

,I'/SE( 2 ) 
r '- - -t----'----:-, 

I - -J , 7 

Y - Y 0' - ( ,-) 
," 'I I --- - - -- ----~-

a ,- a ,.+ {J ,,- {J ,. 

Cy-y, )' 
If ' J 

-.-~-

7 
MSq -) 

T 
;\nd any linea r cOl11bination ( I f thc above three cstlmable runclJ ons arc also es tlmablc, 

Mod d A dcqual' \, checking and diagnosis 

It is ;d\\'avs neecs",,'v to examinc the Ii lied model to ver i I)' that none ol' the assumptions or the 

tlVO I'lav ncstcdelassi lications arc violated . This is our crucial step to get enough inl'ormation 

aboutthc precision of our inlcrcnce thatlVc arc "'orking fc)!, . Our in l'crcncc is bettcr ifany ol'the 

assumptions of the modcl arc not viol at ed, When we arc goi ng to invest igate thc model adequacy 

checking, we necd to consider ooth thc data and the sta ti stical problem, II' we fi nd at least one 

I'iolation of thc assumption of the model. then we need to d iagnose it. The model diagnos is lor 

the data and thc stat istical pro blcms in th is case is done by thc ana lysis of thc rcsid uals . 

Rcsidua ls me the di ffe rcnces ol' thc obscrved and thc predictcd values of the obscrva tions, i.e, 
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o = )} - Fl . , J 
l.:- i l l '" 'II 'U 1/1 

= Y - )) . i = 1.2 ... .. k . j = 1.2 ..... 11. 1 = 1. 2 .... , T 
'II 1/ 

(I. I 7) 

I . Checki ng the cx istencc "I' outliers 

The existence or ou tli ers incrcases the sum sq uares of thc error. I I' the sum sq uare or the error 

increases. then Ihe sum sq uares 01' the regression dec reases since the total sum square 01' 

obscn at ions is constant. Thcre l{)re. the li t of the model becomes inadequa te . I I' there arc 

outl iers. some or the remcdics include: 

I. Using trans l()['Jnation s like the log transro rmation. the square root transJ'ormat ion. the 

arcsi ne transformation. the inverse transformation .. . etc. 

II. L1si ng another alternati ve model other than the nested class ifi ca tions. 

Ill. i.caving out thc obsernll ions which create the ou tliers and c10 the anal ysis \Is ing the 

remain ing (l bsen'al ion s. 

Checki ng the cxistence or the outl iers is clone by transform ing the residuals into standardized 

res idua ls. that is. 0 
G ill 

I· I' d e,,, trans orm ec Int o = ~ .. . 
,,, , ' \IIS'/,' 

I rid ",1> 3. then the observa ti on in whi ch 

the respcc tive standardi zed residual creatcs the out lier prob lem. 

::> . Checking the no rmal it) assumption 

I'he normality ass umption is one or the most important assumptions in stat ist ical and 

econometric analysis. II' thi s assumption filil s. then all the statistical or cconometric inICrcnce is 

\\ rong. Irthe normali ty assumption has f;l ilcd. thcn there arc alternative methods th at \\ C ca n usc 

24 



lor our in Jl:rem:e. Ihese altclilati\ 'c methods arc the non parametric model. the robust regressio n 

model or othcr paramct ric models, The normality assump ti on can be tested by the BOlAman and 

Shenton tes ts oJ'normalit y, among others, 

TIle' null and the :i1 ternativc hypothescs arc: 

1-/ () : The r(lndom error lenns/hl/()1l' 'he 110/'/1/(1/ dis/ ri !J lIl iflJ1. 

/-/,: 'Ihe I"CI ndom error /eni/.\' do nOljiJlloll ' /he normal dis/ribwiol1. 

We estimate thc kurtosis k and the sk iwncss" 01' the est imatcd residuals and ca lculate thc te st 

statIstIC: 

I, = n[' -t cJ;-3J ] 
6 2~ 

(1. 18) 

, 
L is distributed as X· with :2 degrees o j' freedom, 

3. Checking the CO J1 SlHnl vari ,\t1cl' assum pti lln 

IJ' I\e made inJl: renee with the problem oj' non cons tant va riance , then thc eoc rtieicnt of 

determinat ion about thc model becomes small. mC:lIling our infcrenee is imprecise , In order to 

tcst the constant \'arianee assumption we need to el ass il)' the residua ls in to k·dif'icrcnt classes. 

These categories wi ll be done in such a \Hly that the classes arc internallv homogcneous. The 

constant \ariancc ca n be checked by the Ilartlell's test oj' homoskeclastieity. The nu ll hvpothesis 

is the assumption oj' constant variance is truc alld the altc rn al ive hypo thes is is that at least one oj' 

the \arianec's oJ't he erro r terms is not stati stically cqual to the others, 
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['he nu[[ and the al ternati ve hypotheses are: 

, 
H ,, : (), = (J , = '" = (), 

[-f I : ,\'0/ [ -[ " 

Thcn Ill' est imate the variances as: 

" I 

I Ie'" 
1"- . ,- I I I 

(), =- IIr ,I 1. :2 " k 

Thc test stat istic: 

, '/ 
X" = 2,Jtl2(, log . 

(, C 

( [20) 

is di stributed as Chi-square II ith k- [ degrces 0 [' [i-ccdom , wherc. 

, ! 

q = (linT -k) logSp - - 2)nT - I) logo-~ 
i, 1 

I ! - t I 

c = 1+ 3(k-l ) (~(nT - 1) - (kn T-k) 
k 

))l1r- l ) o-~ 

len T- ii 
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3.2.4 The panel data models 

I'ancl data analysis is a mcthod or stud ying a particular subjec t within multipl e sites. periodical I) 

obsc]'\'cd ovcr a delincd till1c frall1e. Within thc social sciences. panel anal ys is has enabled 

researchers to undertake longitudinal anal ysis in a widc va rict y of lields. In economics. pane l 

da ta analysis is used to stud \' the behavior o r linn s and wages or people over timc. In political 

sc ic.-nce. it is used to study political behavior 01' parties and organi zations over time. It is used in 

psychology. soc iology. and hea lth research to study characte ri stics of groups or people followed 

over Illlle. 

Wi th repeated observations or enough cross-sections, panel anal ys is permits the researcher to 

st ud y the dy namics or change with sho rt time series. The combination of time series with eross­

seclions can enhancc the qu;liitv and quantity or data in ways that would be imposs ible using 

onh' one orthcse 1\\'0 dimensi ons (Gujarati. 63X). Pancl anal)'s is can provide a ri ch and powerrul 

stuch or a sct or people. ir onc is willing to consider both the space and time di mension or the 

data. Panel data analysis endows regrcssion analys is with both a spa tial and temporal dimension. 

The spatial dimension pcrtains to a set of' cross-sectional units or observation. These could bc 

countri es. sta tes, counties. li rms. commod ities . groups of' pcople, or cven individual s. Thc 

te mporal dimcns ion pertains to periodi c obscrvations or a se t of va riables characterizing thesc 

cross-scc tinnal units l)\'e r a part icular time span. Panel da la sets genera!!) include sl'qucnti al 

blocks or cross-sections or data . within each of which resides a lime series. 
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3.3.4.1 Advrtntages of panel data models 

I. Controlling li)r cross-secl ional helel'Ogelleilv. Panel data detec ts whcther the cross-sectional 

crrects arc heteroge neous or not. Timc-scrics and eross-scct ion studies not control li ng thi s 

he terogencity run thc risk of obtaining biased rcsults. 

~ . Panel data givc more inlill'mati"e data. morc va riab ility. Icss collincarit), among thc variab les. 

morc degrecs o r li-ccdom and more enicienc.l . Time-series studi es arc plagucd lI'ith 

mult icoll incari ty. 

3. I)anc! data arc beller ab lc to study the dynamics af' adjlls/menl. The cross-sectional 

distributions that look rclati vc ly stablc hidc a multitudc orehanges. 

-1. I)ancl data mc bCIIC!' abk to idcntil'y Hnd me'lsurc elkelS that arc simpl) not dcteetJhlc in pllre 

cro,;s-scction or pure timc-scrics data. 

3.3.4.2 Panel structure 

Lct)) be thc va luc or thc dCI)Cndenl variablc lor ilh cross-sect ion unit at time t and X bc the ,/ / 11 

" 

\'lillie or thc /' exp lanatory I<lriabl e for thc i'h eross-scctionalun it at time I. where: 

I. ~ .. k (nll mber or eross-scctions) 

t 1. 2 .. '1' (number 01' timc periods) 

.I I. 2 . .. p (nllmbcr or explanatorv variab les) 
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The general panel model is give n as: 

ell-\- X il fJ -\- c: il 
(2.1 ) 

",here V - ( y J'\ II - .... \. IIf · X pll )! 

C' = the constant s of the mode l 
" 

!J)' is /I welllr II/pllrml/e lers. 

C" Ihe rom/om errors o/the //Illdei. 

3.3.4.3 Ty pes o f Pa nel l\1odels 

Tlwre nrc sCl'eral ty pes of panel data ana l) tie models. These arc const a nt cocfTic icl1t s l1Iodeis. 

fi xed dTrc ts mo de ls. and n lnd ol1l effects models . Among these types of models are dvnamic 

pnnel. robust. an c! covariance st ruelUre models . 

I. Th e CO I/SWI// Coefficien/.,· M oriel (c;,=c Ivhich is cons/lin/ V i. I.) 

One I)'pe of panel model has constant eoe rti eien ts, refe rring to bot h intercepts and slopes. In this 

casl~. Ihere arc neither signiliean t cross-sect ional nor signilieant time e ffec ts on the dependent 

I'ariablc. Wc could pool al l of the data and run nn ordi nary leas t sq uares regression mode l. 

.\lthuLlgh lllost oi' the time l'lcrc arc ei ther cross-sectiollal or ~ i gnilicanl time cfll'C IS . there ~l rc 
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llccH,ions when nc ither or these is sta ti stica ll y signilicHnt. This Illodel is sOllle times cal led the 

pooled regression l11o cle l. 

!',;{odelas,l"IIl11pliOI1,\' 

An as, ul11ption or the constant cociTieiel1i l110clel is that all the obsen'ati ons arc homogeno us, 

l11eaning they arc cl ra wn li'ol11 the same population , 170rl11al ly, we have the following assu l11ptions 

abou t the mode l: 

I e = c.\f i , i 
" 

where D = I C' 
, ( o' 11' C' ,I ,'" 

III. The eX IJl anatory variables X me exo £!.enolls. that is. the)' are uncorre lated wi th C' , 
,I .III ...... - . , ( ... /I 

The pooled l110d el is given as: 

'y=C+X/3+&.i=I, 2"k (2 ,2) 

Y it XI 6'iI 

Y o X o 6" 2 ,-
Yi 

,- Xi = Gi= 

\\ here: and 

y,/ Xl 6'i7 

(Txl) (Txp) (Txl) 

3D 



I J' tiJ~ indil idua ls .Ire further stacked, then the model becomes: 

y x f3 * + E 
(2.3) 

where 

YI I X I [;1 

Y2 I Xc [; 2 )' = ..,Ii = 

li* = [~J 
{;' 

I 
and 

Y k Xk ((p + I)xl ) [; k 

(k Txl) (k7\{p + J)) (kTx I ) 

I le fe I is a ('I', I ) I ec tor oj' ones. 

Thi s meldel is applicd to the q alie nature data that thcre is no time or cross-scct ional efreets. The 

C()l'J"Ji clcn ts oj' the esti mates oC thc model are homogenous with the change of' time and across 

cross-sections. The method o r csti mati on is the ordinary Least Square (OLS) cstimation method. 

;j* = (X'X) 
I 
.\" )' 

1, Th e Fixed l<jJecls Model (L ea.I'1 Sq u(fre.l· Dum"'.\' V(friah/e Mode/) 

.'\nllthcr tl 'pC ol'l,anel ll10dcl would have constant slopes but intcrcepts that diffcr according to 

the cross-sectional (group) unit. Although therc :Ire no sign iii cant time elkcts. there arc 

signilicant dilkrenccs among cross-sections in this type o r modcl. While thc intercept is cross-
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sc:clion (group) spc:cilic. itmH)' or mHy not difkr over time. These models are called tixed etTects 

model s. 

,l!o t!el lls.llIl1Iplioll .l· 

Thl' assumptions thm spce il Y the lixed em:ct modc ls arc assoc iatcd with the heterogeneit) of the 

ti llle elTeets of" the cross sect ions. Ilere the constant of" the Illodel is ass uilled to be correlated with 

indcpencknt variab les. ['orillally we havc the fol lowing assumpti ons: 

I. C· =C· , the constant o l' the Illodel is diflc rent across cross-sections. " , 

III. I'he eX I)lamllol'\ ' \'ar iables X arc exogenous. that is . they arc uneorre lmcd with c . 
. .; 1'1 C .. II 

ThL' IIxed elTcet p l11el model is given as: 

Y II = C, + X il f3 + £ il (2.5) 

J'hi s can also bt: \\ riuc il as: 

(2.6) 

\\ here f) = 1, I2i I. and c- (e,· c, ..... cJ 
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Thl' mdhod or est imation to thi s Illodel is the I,cast Squarc DUlllmy Variables (LSDV) 

cst i mat ion method. 

'-( D I X )' (D I X )] I (f) X)' Y I (2 .7) 

Fixed Effeci f~)Jfl(J/fle.l'is resl illg (Ifl e ClIO'V lest) 

We ma)' wish to hierarchically test the cfTee ts o r the fix cd eCreets Illode l. Wc use the poolcd 

reg ress ion modcl 'IS thc baseli ne ror our comparison. We fir st test the cross-sce ti onal effects . Wc 

can per rorm this signi lic<lnce test wi th an F test resem hling the standard I: te st f(JI' R2 change, i,e, 

(R2 _R 2 ) /(k - J) F" = /£1111 puvlr.!d 

(J - R ~ell1 ) / ( k T - k - p) (2 .8) 

Ile re r· t[)tal numbe r 01' time obsel'l 'a tiom, k -the nu mbe r or cross-sections and p -number 01' 

regrl'ssors in the mlldcl. II ' We lind signiliean t impro vements in the R' , then wc ha ve stmistieally 

sigllilicCl ll1 cross sect ional cl'f!:cts. 

3, Th e Ran dom Effects Model 

(i reenc (2()OJ) calls the rilndom ei'lccts m[)del a regression wi th n random constant tcrlll. One 

\·\a)' to handle the erro r is to 'Issumc that the intercept is a random outcomc va ria ble, The random 

[) ut c[)me is a runc tion ora mean \'alue plus a random crror, l3ut thi s cross-sectiona l spec ific error 

te nn c" \\ hi ch indicates the dev iation rrom the constant or Ihe cross-sectional unit. must be 
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uncorrciatcd wi th the errors or the lariables II' this is to be Illodcled, I he timc se ri es cross-

secti onal regress ion model is onc with an intcrcept that is a ra ndo m erfect. 

'I he assumptions that spee it y the random crreets model is that the constant in the fixcd or pooled 

Illodel is taken as the random var iab le, It means that thc C' 01' the model is resulted 1'l'Om bot h 
" 

the cross-sect ional. timc clleets and thc random error. which is high ly dynamic in nature , 

I:orilla lly, wc hal'(; the 10 110>1 ing assump ti ons : 

I. C" = c + C, + V ,, , where C, is the cross-sectional random dfcet and V" is thc random 

crro r tc rlll , 

, 
\1 ,\' (0 ,,,, -, ) 

" v 

!:'Ie'·v 1= O. Vi.! , " 

III. The variance covariancc matrix st ructu re or the random error and the cross-sect ions n, 

, , 
v - ", ' II' I '" ' / 

l ./ , L.J " j 

IIhcre, I is II '/\ / I'ec/or oj'ol1es, 

Q - V0 I , 

I v, The eX l1lan:norv va riables y are exo[!enous, thai is, they are uneorrelated II ith r ' 
• . '\ III ~ .; .1 
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The- random c:lTecl panel model is give n as: 

Y =C-J- X jJJ-C+ V 
If II I i l (2 .9) 

In malrix lo rm. Ihe model is give n by: 

(2.10) 

V = II I X If3 * * -I- U (21 I) 

w here : I is a kTx l veelor of ones. II =Ic' , V 'C' , V , .·· ·. C' ,. I I I I I.. VIl' · ·· ·Ck· V k ! I and 

Th~ melhod or eslimation 10 Ihi s mocle l is Ihe Generalized I_cast Square (C I. S) eS limali on 

melhod. '1 he GI .S eSl imalor i, given by: 

, , 
0** = (X 'O-I X) (·.\;" 0 ' n 
jJ ('/.\ 

(2 12) 

S prc ifi(' ation Tests: th e Q ua nd a ry of R a ndom or Fix ed Effect Mouels 

Ilk' Ilmlsman spec ilicalion Il'SI is Ihe classical leS I 01' 1\ hel her the lixcd or ra ndom "IIl'cls model 

,hould be used. The research queslion is 1\ helher Ihere is signi fiea nl correlation be tween the 
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unobserwd eross-seetional-specilic random elTeets and the regresso rs. I r there is no such 

correlation . thcnthc random criects Illodcl may be Illore powerlld and parsimonious. If the re is a 

eorreliltion. the r,lI1dom cfTcc;ts model would be inconsistcl1lly esti mated and the lixed crrce ts 

modcl \\cHdd be the model oi'ehoiee. 
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eha pter FO ll r 

THE VARIATION OF THE ETHIOPIAN FOREIGN TRADE OF 

EXPORT ACROSS CONTINENTS 

One 01· the ailll s of thi s paper is to identil \ · the geoswp hi ca l and econoillic dependence of thc 

st ructure of the I:thiopian lo reign trade 01 · export. ·:'he need lor classify ing Ethiopia· s tradi ng 

partners into their eontincn ts lor thi s study eill anates frolll the fact that it can hcl p us to 

deeolllPose our general hypothesis about the Ethiop:an I(Jre ign trade 01' export in to mean ingl·ul 

component s and in terpretable resu lt s can be obtained rrolll our statistical and L' eonolll ctrie 

~ lt1 al~ sis. 

Ilasl'duplln the ex port it eills o rthe Ethiopian ro reign trade, wc can anal,'7.e the link and variat ion 

or the export ite li ls to the continent or destinat io n. Suc h kind 01· econometri c anal ysis is helprul 

Illr Dlir general and speeilie objectivc 01· the study bv iden tirying the lollowing importitllt points 

on the I·:thiopian r" rei gn trade or ex port . These points 'tre:-

I. Which ex po rt item dom inates a given contincnt ') 

2. Which continent alTects the Ethiopian foreign trade of'cxport? 

1. Is the I:th iopian loreign trade or export de pcndent on the geographical location or the 

cont inen ts? 

lis ing thesc three eoncrctc points we arc go ing to assess the variation or the I:thio pian to rei gn 

trade or export. 
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4.1 ANAL YSIS OF THE VARIATION OF THE ETHIOPIAN FOREIGN TRADE 

OF EXPORT 

In order to anal)'le the va ria tion or thc Lthiopi an loreign trade oC export ac ross eon ti ncnt s. \lC 

need to knoll' about the compos it ion of the export items. The items oCthe Et hi opian forcign trade 

of c.\port arc classified in to lour categori es lor the purpose of thi s stud y. The reasons behindthc 

importance or eat egori~ing the items me simi lar to the reasons that we gave It)!' the importance of 

the con tinental ca tegories. The categories oC the composition of ex port arc done by mcrging the 

items into categor ies ha vi ng similar relati ve price and source. Based upon thi s we have the 

1'0 11 (1\\ ing ca tegories o r the e,port itcms: 

I. i\gricultur.d products 

Thi s category cons ists of onl y processed and row products of f~u'l1l lands. The item agricu lt ural 

pruciucts inc lude secds. corree. cereal s. colton (whi ch is I' lbri catcci or pre fab ricatcd) and fl owe rs. 

among others. 

~. / \nimal and ;\n imal products 

Thi s is the second category o t' ex port ing items or the Lthiopian lore ign trade 01' ex port. This 

ca tegory contains live animal s. meal. milk (whi ch contai ns cheese and better) and si milar it ems. 

3. Mincral s and Mcta ls 

Thi s Cil tcllorv con tains t\\'o J i i'lcrent classes of export it ems namel y the category or minera ls 

\I hieh consists 01' go ld. s ilver ... etc. and the ciltegory or metal s consisting 01' iron. zink. 

aluminum and sim ilar itcms. The need 01' mergi ng these two categories is that. if \I e t.lke them 
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scp:.Irate ly, their ind ividual contribu ti on to the ex port sector may be insignificant. 'I he re fore, in 

ordn to observe their s igni lieance it is bctter to mcrge thcm together, 

~ , Skin and Leather 

Thi s is the forth ca tegory or ex porting it cms or thc Ethiopian forci gn trade of' export. Thcse 

inc ludc sk in and hidc and process cd leather prod ucts, 

1\ suitable stati sti cal model to analyzc the va riation of' thc Ethiopian forcign tradc of export is thc 

two \\'a) nest cd dassifications, The mc thod oi'anahsis consists or two-file tors, TheSe' t;lctorS arc 

the con tinen tal categorics and the cxport itcms in \'\ hi ch one or thc factors is nesting the other 

lite tOI . 

The nesting factor: Con tinenta l categor ics which import [thiopian it ems, 

Tlw nested f~lctor: The cxpon items of' the I:thiopian f()reign tradc, 

The' llbsernll ions arc takcn in milli ons ot' US dollars far th is anal ys is, 

4,1,1 INFERENCE ABOUT THE VARIA TJON OF THE ETHIOPIAN FOREIGN 

TRADE OF EXPORT 

The model of' the nested classi fication ot'the Uhiop ian rore ign traele o r export is gi\l'n :to;: 

)J = JI + a + fJ + £ ' i = I,L,5,j = 1,2"A,1 = 1,2"" II 
'" 'I' I, I J /1.1 

\\ here y = I~evenuc collec ted due to the export or item j to the cont inent i, 
'I' 

fJ I '110, f d I 'Ii! ' I f' I I'f' 11~ J Item n~stcl Ull cr t lC 1 con tlllcnta I.'{CC c eets. , 
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ex, = the ,'" continent al lixed errects. 

II = the grand mean 

c 1' - 220,1 
0 ·1 115 -

" 
Lis ing the so luti on of'the norlllal equations. we can calculate the sum orsquarcs th at <liT hel prul 

I(lr checking the model adeq uacy and rurthcr analysis (Sec thc sum of squares in Annex I). 

The results or the model adequacy tcst arc prcsented in Table 1.1.1. 

Table 1.1.1: ANOV A 1'01' nestcd classilieati ons modcl 

Sourcc of' 

Vilria ti on 

SSR 

SSI·: 

SSI 

. Df l SS-· - - - SM -
I I:-cal. 

20 

200 

220 

955,275 70 

658.505.80 

1,61 3,781.49 

47.763.75 14.51 

3.292. 52 9 

--- -
I' -va I Lie 

0.0000 

-

/\s can bc sccn li'om the tabl e. the I:'-statistie is signi fiean!. ThLlS, the nested elassi li eat ions modcl 

adequacy dcscribes the total variation oj' the Ethiop ian foreign trade of' export s. and wc can base 

our sta ti sti cal / econometric ana lysis about the var iatio n oj' Ethiopian forei gn trade oJ' export on 

th is model. 

\:0\\ . \\ e need to test whether the continental and itcm cricets arc signi lieant or not on the 

J-:thiop ian I(Jrcign tradc of expor!. The rcsult o j' the test is given in Table 1.1.2. 
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labk 1.1.2: ANOVA l'or thc test ICli' the significancc or conti nental and item eJ'l eets 

Source of Variati on OF 55 I MS F~ca l P ~v al u e -- -
SSR 20 955,275.7 47,763.75 14.51 0.000 

N (p) 1 207,077.7 207,077.7 62.98 0.000 

N{{3/ :i 'O , p) 
19 748,179.00 39,377.8 11.95 0. 001 

II(O ,·pJ 5 350,932 .7 70,187.5 21. 3 0.000 

11(0 , : p ) 4 146,055 36,513.75 11. 1 0.001 

/I( {3 :0 ,'.") 15 602,143 40,142.9 12. 18 0.001 

SS E 200 658,505 .80 3,292. 529 I 
I 

SST 220 _ -----.J 
~~--

From the table 1·1 c sec that: 

u. Thc items and cont inental e lTects corrected for the mean, RC{3 j:i'O , : p), is stat istically 

sign ifican t. Thi s implies that at least one ol'the continental categorics and c.\pOri items do 

hal e a signif icant impact on the overa ll expon trade of U hiopia. 

b. Thc itctm eflect correcteci fo r the contin:nral eflects and mean /I{{3 : a "II) is 
I' ' 

statisticall v signilicant. This implies that at least one or the ex pOrl items sign ificantly 

al'iCcts the CX pO ri trade of I,tiriopia controlling for the continental e lkets (or adjusting for 

the efleets oI' thc ciesti nation cont inen t). 

c. Con ti nenta l cfkets (with an cl withou t adjusting fclI' thc mean) are statisti ca ll y significan t. 

This implies that at least one of the continental categori es do have a signi fi eant eflect on 

the overall exporl trade of Ethiopia . 

. 1\I't.: r dctermining the results rrom the above ANOV A table, we need to ident ify the most and the 

least inllucntial contincnts that consistently aJ'lcet the Et hio pi an fo reign trade of export lI'it h 
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respect to the export items. The hypotheses whieh contai n all the 20 orthogonal contrasts abo ut 

the general variations of the I·: th iopian forei gn trade of ex pons generally take the l'ol lowi ng l'orm: 

!-I " : 
" I 

'/he e.I}i(lri ollhe j il(,1I1 III Ihe ;" CIIJ7IiJ1e111 is 1101 impll r tal1t III Ihe IIrerall 

per/imliOlice II/ Ihe /~'lhiopian/i)reigl1 lrade o/e.rporl, i = /,2,3, ·/,5, ) = / ,2, J, ·/ 

If I : f f " is 1101 11'lle. 

The results arc presented in Table 1.1 .3 

Table 1.1':;: The tes t results abo ut the hypotheses 
-- --_. 

urces of va ri at ions are the export Th,= so 
of item j to the con tin ent i. 

~gricu Itura l prod, to Africa 

SS 

123939.8 

46 7. 2595 

D~ MS 
1 123939.8 

467.2595 

I 
Animal 

Metals 
I -

~ prod ~o Afr ica ___ 
--- -- -~ 

&mi nerals to Africa 32.61567 1 I 
32 .61567 - - -_. - - -- . -- -

, Ski n & leather to Africa 6.387816 1 6.387816 ,- - - - -- - ---
Agricul 

1-
tura l prod. t~~s ia 346613.8 1 346613.8 - - ,. 

Animal s pro::J~ As i,,- __ ~~50259 +-/ 1950.259 

&mi nerals to Asia ~2355 409. 2355 -- - -- ---
= 1-1 leather to Asia 4449087 4449087 -- - - - - --

tura!.l'..'o:!: to Europe 498241.3 1 498241. 3 - ---t-
s prod to Europe ___ 8.636966 1 8.636966 -- .- -
&minerals to Europe 13.25318 1 13.25318 

leathe..>:. t o Europe 18769,79 1 I 18769.79 - -

Met als 

Skill & 

Agric~ 

Animal 

Metals 

Ski n & 

Agricu_l _ 

Allimal 

Metals 

Ski ll & 

t ural prod. to N . Ame!~ -- _1.6514.29 1 -I 16514.29 

,-
. Ag ricul 

I Animal ,- -

I 
~etals 

Skin & 

sjl,>:od to N America 

&minerals to N.America 
--

leather to ~J.America 
- -- -

tilral prod. to S.Ameri~ 

s pro...cJ.t.o S.Amer~_ 

&mi nerals La S.Americ(l 
- - --

leather to S.America 
-- -. 

---

--
---

-

-

-

2.395674 t l- 2.395674 -----
~58467 .-! ...1558467 

~414.7~ 1 8.641476 ,-----
58.73265 1 I 58.73265 

~ 1 0 

0.000269 1 0.000269 +- --- . - --
0.171964 1 0.171964 
- -

·12 

-I 
F-CAL P-va lue 

I 

37,649' 0.0000 

0 .1 4 1938 0.3724 

0.009908 0.4602 
-- _. -

000194 0.4 880 
----'---- -, 

105.29' 0,0000 ----
0.592424 0.468 1 

0.124312 0.3669 
-

1.35 1485 0.15 39 
---- ._- -

151 .349' 0.0000 
--- .-

0.002624 0.4801 - -
0.004026 0.4761 

5,701 64' 0.0087 

5,0 1649' 0,0091 I 
0.000728 0.492.0 I 
0.000777 0.4923 

0.002625 "!1 0.017841 0.4483 

0 1.0000 

0.000269 0.49 29 
- -1-

0. 171964 0.34 09 . -



hOJ1l Ihe rcsuiIs we can see that: 

,/ The signilicant itcms or thc J:thiopian I(lrc ign trade of cxport arc agricuiIural prociucts 

and skin and leathcr across the continents. 

,/ The signi ficant continents that alTect the Ethiopian fo reign tracle of expo rt arc Europe. 

Asia. Af'rica and Nonh /\Illcrica. 

,/ The I·:thi op ian loreign trade of' expon is unafreCled by the cx pon or cach o f' the iwms to 

the continent of' South America. This might be an indication that the lothi opia rorcign 

track of' e.\pon is al'JCctcd bv thc geographical locat ion or the country. 

,/ The expon of' Metals and Minerals and Animal and animal products do not havc a 

sign ilicant contribution to thc Uhiopian roreign trade or export across allthc contincnt s. 

4. :1.2 INTRA CONTINENTAL ANALYSIS OF EXPORT ITEMS 

~.1.2.1 ANALYSIS OF EXPORT TO AFR ICA 

ThL' I:lhi(lpian I(l rc ign tr<Ilk 01' expon to the continent of' /\Ii'i ca is limited to c(lunlries like 

\)jihoUli. Sudan. Ke nya. Somalia and Egypt. 1'1'0111 thc ANOVA table 1. 1.3 wc ha vc seen thal 

ani \' the cxports o r agricultu ral products arc signi fic<lIlt to the ovcral l Eth iopian fo reign tradc of' 

expon 10 the conlinenl orAf'rica. The rank ing o f' exp0rl to Af'riea by moncy value is givcn as:-

I. Agrieullura l products. 

~ ;\nil11aj,; and animal products. 

3. Skin and leather. 

4. Metals and mine rals. 



~.1.2.2 ANALYSIS OF EXPORT TO ASIA 

The Lthiopian lo rcign trade of' export to the continent 01' Asia covers countries like UAJ:. Saudi 

Ara bia. Yemen. China. India . .Iapan. and Korea. l:rol11 the ANOV A tablc 1.1.3 we have seen that 

on ly the expoJ'ls o r agricultural products arc significant to the overall Ethiopian forcign trade of' 

export to thc cOl1linent of' Asia. The ranking or export to Asia by money value is given as:-

I. /\grieultura l products. 

1 Ski n and leather. 

3. I\nimal s and animal products. 

4. Mcta ls and minerals. 

~.I.2..\ ,\:\ ,.\LYSIS OF EXPORT TO EUIWPI': 

ThL' I·:thiopian Ic) reign trade or cx pon to the continent 01' Europe eO\'ers countries like Italy. 

!-"I·ance. Ilritain. (i erman. Helgium. Norway. Sweden, Spa in Turkey, the Ne therlands. (jreeee. 

Denmark and the Czech Repub lic. From the table ANOVA 1.1 .3 we have seen that the expons 

of agricultural products and skin and leather arc signiJieant to the Ethiopian loreign trade or 

expon to thc cont inent or Europe. 13)' money values. the ra nking or export items to the continent 

of l':lIropL' is gi\'cn as:-

I. /\grieultural products. 

2. Skin and Leather. 

3. Metals and mincrals. 

-I. Animals and oll1 imal produc ts . 



4.1.2.-1 /V' AL YSIS OF EXPORT TO NORTH A !VI ERICA 

The I·:thiopian J'oreign trade oj' cxpor! to the con tinen t o j' No r!1J Alll eri ca is limited to countries 

like I 'SA and C'<lI1ada. Frol11 the /\ NOV/\ wble 1.1.3 we have seen that only the expo r! oj' 

agri cultural prod uc ts is signifi cant to the I,thiopian J'oreign trade oj' export to thc continent of' 

North America. The ranking 01' export to North Amcriea by money va lue is given as: -

I. Agri cultural products 

2. Skin and leathcr 

.1. V1ctals :u1d miner.lis 

4. /\nimal s and an imal products 

4.1.3 INTER-CONTINENTAL ANALYSIS OF EXPORT 

-1.1 .3.1 ANAL YS IS OF TilE EXPORT OF AG RICALTlJRAL I'ROIHJCTS ACI~OSS 

CONTI N Ei\'TS 

We have seen tha t agri cultural products arc the most influential itcms to thc overall per J'ormance 

or the i'thiopian J'o rcign trade of' ex port across all continents than the others items. The export o r 

sk in and Ieathcr to [lII'ope is a lso signilieanl. In this section lYe compare the variation or 

agric ultural products export across continents. 

Thl' est imable runetions which com pare the most and least importcr cont inents o r agric ultu ral 

prodllc ts J'rom I,thiopia arc gil 'en as:- a - (J. . + fJ - fJ . with the poi nt estimator 1/ - )J . 
h / o/ I II ) 11 ,'I 
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I·"wr~ i. i' = 1. 2 . . 3. i 70 i'. a , is the continental lixed elTects. fJ is the lixcd elTcct 01' 
I , 

agricultural products.)) is thc rel'cnue collectcd li'o lll the cxport oj" agr icultura l products. 
" 

Ilere the null h),po thesis is therc is no dilference on the revenue ob tained J"rom the export oj" 

ag ricultural products across continents. The rcsults 01' the multiple compari son is gil 'cn in Table 

I. I. ~ 

Tal, le I.I.~: fVlult ip1c comparisons oJ"ngri cul tural products ac ross continents 

l' (llllparaisons or 
cont inents i and i', i'" i' 

- ----
/\ Ii-ica Vs Asia 
---
A frica V s [urope - _.- .,------;--
Africa Vs North /\merica 

(\ sin Vs IOlll'ope 1_ _ __ _ __ 
(\ sia Vs N·Ameri ca 

I J: Ul"llPC Vs-North !\n~crica--
. - I 

The point estimates l of the difference 
- -

~ V - Y 
,/ II , I _._. 

·71.35 

·105.83 
68.13 

-J--l.5 
-----
139.3 _. --- --
174 
- - -- . --

I , 
1 

OF F-cal 
1 8.54* 

I 18 .7* 

I 7.84* 

I 1. 99 

I """) ~,;: 
~--) . 

- ----: 0 .• 1 ) .) _.- . -

Resu lts of the multiple eompmisons and its in terpreta ti ons: 

P-value 
.-

0.0018 

0.0000 

0.0026 
0.0793 
-----
0.0000 ._----
0.0000 ----

I 

./ I-'rom the tablc lVe see that thc revenue ob tained J"rom the ex port of agricultura l products 

is statistically eq ual be tween the conti nen ts oj" Europe and As ia. Ilowever. there are 

di ITerences among the other continents . 

./ Ilased upon the po int estimates oj" the dilTerenees of the money va lue J"rom the export or 

agricultunli products. the ranking of thc cont inen ts as thc dcst inations for Eth iopian 

agricultural products export is:· 

I. I·:urope. 



I. Asia. 

3. North Amcriea . 

4. The las t and thc insign ili cant contincn t to thc ovcrall cxpo n or 

ag ri euliural products is South Amer ica. 

4.1 .4 Model Adequacy checking 

The existcnce 01' outli ers is checked by transfo rmi ng thc res iduals into slandardi zed residuals . 

"rom thc numcrical va luc or the maximum and the mi nim um standardized rcs iduals; \vc round 

that there is no problem or outl iers (sec the plot in Annex 3). 

The normali ty assumption is checked by the Bowman and Shcnton tcst. The test sta tis ti c (1~=2.6) 

is not signi fi cant. Therc forc the assum pti on that the ra ndom crror terms I(li low lhc llorlllal 

dis tr ibution is not vio lated. 

The constant vmiancc assum lltion is checked by the 13anlc tl 's test 01' homoskcdastieity. Thc null 

hy pot hesis is that the assump ti on or constan t va riancc is truc aga inst the alternati ve hvpot hesis 

that thc var iances or thc crror terms arc no t statisticall y equal. The results indica ted that the 

larianees orthc crro r terlns are statist ica lly hOllloskedastie. 

\l ote: 

The data I()r thi s st udy is both a time series and cross sectional. In thc analysis 01' the va riation or 

the I·:th iop ian ron'ign trade o f' exports, II'C assulllcd that there is no seria l corre lation alllong the 

ra ndol1l erro rs, 'I he reason behind this are:-
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I. We have utili l-ed II years 01' data. wh ich is so small to test 1'01' the ex istence 01' 

serial correlati on. 

2. Since the obscn'mions arc randomi/.L:cI at the beginning of our analysis. \\1..' 

already know that the time scqucnce IS elim inated . Therefore. \·\ e assurc 

ourselves that the problem 01' serial correlation docs not affect our inference. 



Chaptcr' Five 

Thc strllctur'c or thc Ethiopian rorcign tradc or cxport 

5 .1 Thc conccpt or thc structurc or thc cxport tradc 

In the pre \'ious chapter wc 11<1\'e disc ussed abo ut thc \Hriat ion or the I: thiopian Ic)re ign tradc 01' 

cx port across conti nent s using the aggregated revcn ue rrom export. In th is chap ter, we try to 

assess the structu re 01' the I,thiopian foreign trade of c,xport using the re ve nuc obtained li'om 

cxport (responsc \'ariablc) and the quantit ics or the items or export (pred ict ors) using pancl data 

anal\'sis. 

One or the ad vantages 01' panel data is that it allm\s us to sec both the ti me and thc eontincntal 

cl lec ts, Thi s is the criti cal step to detcrmine the structurc of the Eth io pian foreigntradc or export. 

Thl' strucl ure or the J-:thiopi an foreign trade or export is asscssed by comparing thc poolcd, thc 

lixl'd erkets and the ra ndom cl'kets pancl data Illodels, 

In Dreier to compme thc rcsults o r the threc di fferent Illodcls that show the structural trcnd or thc 

I:thio pia rorc ign trade or expllrt. we need to ha\'e the 1()ll owing hypo thescs to bc tcsteel li rst:-

I, !\rc there e(l ntincntal lt ime elrcet on the I:t hiopian I() rei gn trade 01' cxport" 

7 !\re the tillle and con ' incntal elkets li xed or random on the I:t hiopian lore ign trade or 

export? 

3, Is there hetc rogenc ity ac ross cont inc nt s on the J:thi opian lorei gn tradc or export with 

respcct to the export itcms '! 



5.2 The assessment of structure of the Ethiopian foreign trade of 
export 

In the panel data 'Illal),sis oi' the I:thiopian i'oreign trade or export. we consider the quan tities or 

the ex port items to predict the revenue from export. The revenue Ii'om export is measured in 

mil lions o r us dol lar and the quantities of ex port items arc measured in metr ic tons. 

5.2.1 The pooled model analYSis 

Our lirst alternat ive is the assumption that the continental and the time elTeets arc homogenous: 

the e(1e l'li eient s or the pooled methods arc the cons istent est imators of the model. In th is case the 

in terpretation is gi\'e n as the l-:t hiopian I'orei gn trade or ex port is showing the stHti e nature across 

continents and the change "I' lime. This llIeans lile structure or the I·:t hiopian foreign trade or 

export is sta tisticnll), stab le wi th time nnd across con tinents. 

II' we ignore the constant o r the model. the eocl'lic ients or the independen t variab les arc 

in terpreted as the ave rage reven ue in millions of US dollar per metric ton of the item or ex port of 

the I()reign trade or I'thi opia. lIen il' lhere arc s)s tematie changes in the IClITi gn trade "I ' 

I'thi opia ac ross eo nlinent s and the shili or limc. there is no fluctuation on these eoe f'l ieients or 

the ,·a ria bics. Th is means that the foreign trade of Fthiopia is showing similar trend across 

conti ne nt s or the sh in or time. 

Th,' pooled model is gi\'cn as: 

y" = (' I /3, A G" + /3 ,AN" + /3 ,M/" + /3 ,S/C -1 {; " 

i = 1. 2 .... 5.1 = 1.2.:; . .1 I 

11'/7('1"(' (' the ('l) nstant ol't he model 
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/3, = Thc coc nicti cn ts o l'the quantit ies of the ex port it cms. 

II ~ RCITnue collcctcd duc to thc cxport ofit cms from continent i in thc VCal I . . " 
/1 (; ... IY .\11 and SK are Ihe (IUlll1lilies oj agricultural products, anilflal and animul I'roduct s. 

I}le/(/Ix (lnd mineruls (ll1d skin ond leathel' . respective'/)', 1I1 (! ({Slfred illll'le/l-;c IOns. 

The model fit statist ics or the poo led model are summarized in Table 1.2.1. The F-stat istic (P­

la luc<O.OOOI) indica tes that thc model is a good lit. 

'1 able I.!.. I : i'ooleel modc l lit stati stics 

SUIll of 
Model Squares OF Mean Square F Sign . 
1 Regression 1124944 4 281236.095 56.533 .000 

Residu al 243762 .4 51 4974.743 

Total 1368707 55 

a. Predictors (Conslant),SK MI, AN, AG 

b. Dependent Variable: y 

Paramcter C' st illll:ltion 

In the poolcd modcl. there arc six parameters to be estimatcd. two of which arc thc constant and 

thc lar iancc and the rest arc It)!' the coclTictients. The mct hod of estimation is the Ordi nan least 

square (OI.S) cstima ti on method. The resu lt is givcn in 'I able 1. 2.2. 

51 



I ahle 1.:<.2: Resu lts 01 the pooled model lor cxports 

(Constant) 

AG 

M nel e I AI'i 

MJ 

SK 
D":pL'l1cknl Vari ab le : y 

CoctTicil'lIts 

B SId. Error 

12.483 12.6111 

.8Y9 .119 

-2.587 1.7911 

-.498 1.974 

16.584 J. 880 

Sla nd~rdizcd 

Coc lTicic ll ts 

Beta 

.641 

-. 1113 

-.1117 

.426 

I:rom the table or the estimates o r the parametcrs we see that: 

Sig. 

.9911 .327 

7.526 .1100 * 

- 1.445 . /55 

-.252 .8112 

5. 75 9 . 111111 * 

,;' The coerJi cient s or agric ultural products and sk in and leather arc signilicant to predic t the 

revenue rmm the export tradc of Ethiopia using the poo lcdmodel analysi s. 

,;' The export of an imal and an imal prod ucts and mctal s and mineral s do have an 

insigni licant impact on the rC\'cnuc rrom the export trade or Ethi opi 'l (Sec the scalier plot 

in /\nnex (,). 

When we lit the pooled modcl. we fin d that there arc correlations among the indepcndent 

variablcs (Sec the Oll tput in ,' nnex 5). 

5.2'.2 The fixe d effect panel data analysis 

Our sl'cond altern ,lI i"e is to provide a model "hich can show the ex iste nce orcon tincn wl or time 

specif ic clTects . II' the observat ions arc li xed . the init ial observations arc exogenous since they 

arc assumcd uneorrda teci wi th the random spheri cal disturbances. In th is case the model is used 

to cheek \I'hether or no t the , trueture of the Et hiopian lo reign trade of expo rt shows sign ificant 

dilkrcnecs across cont inen ts or thl' shili ofti mc periods \li th respect to the quantit) or the export 



items, II" Ill' lind that there me nll sign ili cHn t changes "ith the shin 01" time. thi s means that the 

structure ol' the i't hiopian l'oreign trade 01' export is hOll1llgcnous 1,1 ithin eont inellis O\'er time, 

The continental elTeets tcll us the concentration and the direct ion wh ile the titTle effects tell us the 

net growth 01" the I·:thiopian I() reign trade 01' exporl, II' only conti ne ntal e lTec ts are ohservcd that 

there is n(\ sta tist ica l dilkrenee on the I:t hi llp ian lo reig n trade 01" export due to the shin 01" ti me, 

thell the constants 01' the model arc the lixed clree ts or the correspllnding con ti nent on the 

Lthiopian l'o reign trade or ex port. The changes or the constan ts cxist duc to the sh i Ii 0 1" the items 

of ('sPOri ac ross cont inents. Mcaning the revenue li'om ex port is statist ica ll y constant with in the 

cont inent ",hencI'c r the re were time changcs. In short. wc illierprct the i'" constant <IS the benefits 

\1 1' the I"oreign tr<lde o r I)hiopia duc to cXP0rl to the i'" c0ntinent. 

The tl10del l'or the liscd crfect analysis of the [thiopian I'ore ign trade of exports is gil cn as: 

y " ~ C,'; jJ , A G" + jJ , AN" + jJ , Ml" I- jJ ,SIC + r; " 
i = 1.2. ,.5,1 = I.n ..... 1 I 

v = ReI enue collected due to the ex pO ri 01' items to cont inent i in the yea r t. 
- " 

C, ," The i'" conti ne lliallixed clTeets of the Lt hi opian l'oreign trade of ex pOri. 

jJ, = The cocflicicnts of the independcnt variab les. 

Thl' t110dclli t stat istics ol"thc lixed el"lCets t110del arc sut11marized in Table 1.2.3. 
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'1 able 1.2 .3; I: i x ed c_f_lce t_s _lll o~de:-,I"I~i t"s:.:t~at~i s:.:·t~ie:·"s~ _____ ____ _ ____ ____ _ 
I~- f;q; wilhin = 0 .7527 Obs per group; min = 

Ilelween = 0.9566 avg = 
Overa ll = D.86 I 7 m ax = 

1"(4,45) = 28.32 _~_~ Prob > F' 

C~Jrr (ci,~b) = 96595 

1 1 
I 1 
I I 
O.DODO 

About 86. I 7% of the total variati on of thc Eth iopian roreign trade or export is dctermi ned by the 

lixcd cficcts panel da ta Illude!. Fro l11 the table we sec that the corre lation bet ween the cons tants 

and the CJua ntities o r the itel11s 0 1' export is 0.6595. The large between conti nents eoertieient or 

de tCJ'minat ion (0 .1)566) sho\\ s us that the lixed efk et mode l is sui tabl e to hand le the vari ation 

across conti nents. And. the F- stati sti c (p-val ue<O.OO I) indicates that the modcl is a good li t. 

The parnmctcrs or the lixccJ cCfCet s Illodel are est illl ated by applying thc !'eas t Sq uare DUlllmy 

Variahles (I.S I) \I ) est imat ion techniCJue . The results arc gi"cn in Table 1.2.--1 

Tal'lc 1.2.4; Esti mates o l'the eoc lli eien ts or the lixed erlcctmodel 

ye Cod. Sl d.Err. l p>z 
-- ~ 

c 1 - 1 1.45 5 .02 -2.279* 0 .027 

c2 9D .44 11.529 7 .844* D OOD 

c3 129 .52 66.66 1.9 43* 0.032 

c4 -8602 48.3 - 1.781* D.039 

c5 -1 24.16 65 .9 - 1.884* D.035 

AG 1. D 1 0 . 124 6 .954' D.ODD 

AN D.455 D.32 1.423* D033 

Ml 1.87 1 . DD7 1.857* D.03 

SK 13.74 3 .384 4 .D6 1 * D.OOO 

s igm a c 11 .986D 

sigma v 49 .6883 18 

I" l esl lhal a ll (' i=O; I" (4, 46) = 33D Prob > I" = D.006 

r" LeSl lhal all t i=O ; F ( 10 , 46) = 1.3D Prob > F' = 0. 2851 
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l3cf(lre lI'e interpret the lixed elTecls model. it is belle I' to compare the fit 01' pooled model and 

the lixed elfeet mode l. The hvpot hesis oj" the test problem is give n as . 

f-f t, • C, = c, = C = C = C = c 

f7 I. 17" is nol II"IIC'. 

Us ing the chow tes t, the ca lcu lated F-value is 3.30 with significan ce of probability of 0.001 7. 

Thus. wc rejcet the null hypot hesis. This means the fixed effect panel data mode l is a better fit 

thall the pooled panel data model fill' pred ic ti ng the struct ure of the I·:t hi opian foreign trade o j" 

export. 

5.2.3 Th e random effect panel data analysis 

(l UI' third al ternatll'e is the assum ption that the constants oj" the model arc random variables. If 

th is is the casc the Uhiopian li)("cign tr~lde or ex port is sho\\ ing high scale oj" (1\ nalllism across 

continents and changes o l' time periods. Il ere \\e assume that the continental cJ"icc ts (C , ) arc not 

c.xo~enous. that is. cov(c' . X' ) = O. This means that the continental ef "iCets are entered into the 
~ I ,I ,,, 

dis turbance term s. 13cc<lllSe o/" this. the I"C1rianee covariance matri x oj" the error tcrms becomes 

non spherica l. In th is case the OI_S es timators o/" the coeJ"lic ients oj" the independent variables are 

not cf"licient est1mators. Therelinc. II'C need to usc the CiI.S es ti mat ion mcthod. The 

interpre tati on o f' the est imates of the coe rfi eients of the model is that. the F:thiopian fil rcign trade 

oj" expo rt is hete rogeneo us across conti nents and over time. 
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Thl' ra ndom efreels model is gi vcn by: 

y" = C -I- /J , A G" -I- /Je AN " -I- /J , Mf" -I- /J"SIC -I- C, -I- v" 
i = I.~ . .. 5.j = 1.2.1. .,1 1 

where 

V = Revc nue from the export it ems to con tinent i in the year t. - " 

C, .= The il
" conti ncntal random dkets on the I·: thiopian IC)J'eign track of cxport 

c= The constant of the model 

/J, = The eoeniei ents of the independent va riab les 

The mode l fit statistics lo r the random elTeets model are summarized in Tablel.2.5 

Table 1. 2.5: The model lit of the random clTeets model -- -~~-. --
R·sq: within = 0 .7820 Obs rer group: 

min = 1 1 
Between = 0. 9587 avg = 11 
Uvera ll = 0. 869 max = 1 I 
.---- -~~--~~~~~~~~~~~~~~~~~~~~~~~ 

Ra n dom effeets e_i - Gaussian Wald ehi2 
(5) = 177.34 
Con- (e i , X) = 0 (assumed) Prob > ehi2 = 0.0000 

About 86.9% of the total va riation of the Ethiopian 1C1rcign trade of export is determi ned by the 

ra ndom elTeets panel dat a model. The Wald stati stic shows us that the random elTeets model is a 

good lit (1)·va lue<O.OOOI). 

The Generali zed I.east Square (G I.S) esti mation resu lts fo r the random effec ts model is gi ven in 

56 



Table' .2.6: ' :stimates oJ' i11e eoe nicicnts ol'the expol'! random cneets J110del 

--
yc Cocr. Std.Err. /: p>% 

AC 0.8')93064 0.1 '94925 7.53" 0 .000 
AN -2 .586805 1.79039 - 1 .44 0. 149 
MJ -0 .4980362 1.974 17 -0.25 0.80 1 
81< 16.58447 2.879537 5.76" 0.000 
cons 12,4834 1 12.60999 0.99 0 .322 

~lma u 66.6883 ] 

From the table we see thai only the coefficicn ts of ag ri cult ural produe ts and skin and Icather are 

siglli!icalli. 

T he Hausman speci fication test 

'1 he' Ilausman speei lieat ion tL'st is the classica l tes t or whethe r the lixed or random elrects J110del 

sholiid be uscd. '1 hc researcl! ques ti on is whe ther there is a signili eant correla tion between the 

unobserved eontinental-speeilie randoJ11 cfkcts and the quantities oCthe itcms ol·expol'!. II' there 

is no such correlation, then the randolll c lrcc ts Illodel l11ay be ]]]orc powerrul and parsimonious. 

Il'there is a signilicant corre lat ion, the random el'iCets modc l would bc inconsistently es timated 

and the lixed eCreets mode l would be the 1110de l oJ' choice, The hypot hes is of' the tes t prob lem is 

gl ven as: 

H ,: C01'(C" X ,l '" 0 

The II"usman spcei lieation test stati stic re veals a Chi -square va luc o J' 17. 834 (with I)- va luc< 

IJ .O()IJ I) . Since the sign ili c<lncc probab ilit y is much greater than the signilicance level 0C 1% \Ie 

reject the null 11\ pothcs is. I'herclore, we cons ider the Ii xed elTcc ts panel data models to 

il1\\:stigatc the nature o J' the structure or thc Uhiop ian loreign trade or exporl. 
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Tht: inlcrprclali on of Ihc fiHd crred model 

l.' roll1 the cOl11parison or the model lit. wc reachcd to the conclus ion that the lixed cJ"kel panel 

data model is the best lit than the others 1'01' the prcdiet ion 01' the structu re or the Lthiopian 

roreign trade or export. The rollowing are the interpretations or the lixed erree ts model about the 

Fthiopian I()reign Iracl e or exports: 

,/ I':ac h or the export ilcl11s 01' export has a signiliean t impac t on the revenue obtai ned 1'1'0111 

ex po rt. 

,/ /\11 contincntallixecielfeets arc signilieant. 

,/ The Llhiopian lare ign trade or export is showing hete rogenei ty across eontincnts and is 

hOJnogenous within the continents ol'e r time. 

,/ The lallowing table gives the expceted va l lies or the cont inental lixed cFrecls on the 

1.' lhiopian roreign trade orexport wilh standard error SI1 .<)X l11ill io n. 

Table 1.2.7: Continenla l lix ed errecl s 

The ex peeled values or the continental lixed 
s erreet in ~IUSD 

· 11.·15t 171 
90 .. 1371188 

--~ 

Llirope 
r~ - -- f--

1 ~9.5 1 71 --- --- -- - -
~orth I\I11C11(<I , -Xfl OIX I I )!) 

.. " 

GCll.'.!.h 1\1l1erica~_ _~=-=~ ______ ~.~1"~. 1~.1~5~0~32~ ______ -_-_-__ ~_-__ ~ 

The From the table lye see that Europe and I\sia are the inlluential lar the Lth iopian 

I()re ign trade or exports with continental li xed effects 01' $ 129.52 million and S90.44 

million re speeti\'el\'. 
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5.3 T he g rowth of th e Ethiopian forei g n trade of export 

[n Ihis see li on we Irv 10 summarize thc growlh of the Elhiopian foreign trad e of expo rt by 

co nside ring Ihe revenue from export wilh respeci 10 lime. The growlh o f' Ihe exrort Irade is 

shOll n in li gure I. 

Figu re 1: The growth in revenue from the Ethiopian foreign trade of export 
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• I:rom Ihe seatler pl ot we sec Ihal the revenue obtained from Elhiopian foreign trade o f' 

CXpOrl is generall y grll\\ ing wilh time. 

• [:l'Om Ihe scalier plol lI'e sec Ihat; there arc 111 0 time phases on the Ethiopian foreign trade 

or cxpor\. rhe lirst li mc phase is from 1970 up to 1990 in which Ihe revenue 1'r0111 ex ports 
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lias staglwn l. The second phase is 1990 to 2007 in whieh Ihe Ethiopian loreign trade or 

cxpo rl s showing rapid growth . 

• l:rol11 Ihe lit \\c see thai the growth o l' lhe Llh iopian ioreign Irade or exports is showing 

Ihe cub ic Irend. 

Figure 2 The rate growth of the Ethiopian fore ign trade of export 
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• The seal ter pial or Ihc gro" th rate 01' the Ethiopian lo reign Irade 01' export looks random, 

This rnean s Ihat Ihe growth rate 01' the expon Irade has no panicular trend . 
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Chapter Six 

COllclusiolls and Rc('ol11l11cndations 

l lsing the nested elassilications and panel data modds. wc analv/ed the variation and the 

st ructure of the I-thiopian loreign trade 01' export. According to thc results obtained rrom the 

anal ys is. \\ e can conc lude the following import ant points on the export trade, 

I, The Fthiopian ")rcign trade or cxpOI'! is dependent on thc export or agricultural products 

and skin and leathcr. I:rom the ex pected va lues 01' the rcvenue rrom export trade. 

agricu ltu ral proeluets account for 85% and skin and leathcr account lor I o'y" or the overa ll 

revenue Ii-om the export trade of Ethiopia, 

7 Across all the con tinents. thc leading cxport item or thc Ethiopian loreign trade of expol'! 

is agricult ural produc ts . l\'c.\ \ lu agric ultu ral prodllcb. onl) the c.\POI"1 or skin alld leather 

to the continent ol'lOlII'ope is signilicantly arreeting the "th iopian foreign track orcxport, 

3. The Ethi opian f(lreign trade o r expol'! is afrected by all eontincnts except South .'\meriea, 

Consideri ng the revcnue obtained I'rom exports. the cxpected ranking or the import 

partners 01' J:thi opia arc: Lurope. As ia, Arrica. Nort h America ancl South .'\merica (in 

descending oreler ), 

.j, 13) assuming that thele is no struetur:t1 break on the fo reign trade of Uhiopia, the average 

annual IT,'ClllIC earned II-om c.\port is $6~ 1.32 millioll. 
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). The expected rc ve nue collected and share liom the L1hiopian foreign trade or export 

across the continents (wi th standard error of $ 34.6 million) arc as 1()l lo",s 1\l'ri ea 

$ 115. l.j (sha re 18.24'Yo) . As ia $2 17.04 (share 34.38%). Europe $256. I 2 (share 40.57%). 

Nort h I\merica $40.5X. (share 6.43%) and Sout h America 2.44 (share 0.387'X») . 

6. The contri hut ion ol' the export of animal and animal products and mctals and minera ls to 

thc overall L1hiopian foreign traete o r export is insignificant. The expected share or these 

two items to the Ethi opian foreign trade of exporl is less Ihan 5%. 

7. The structu re o!'thc J:thiopian loreign trade or export sholl s lack of' diversilieGt i,) n across 

contincnt s. Especiall y it is at its inlill1t stage to the cont inent 01' South America. 

8. The struct ural trend or the Ethiopian roreign tradc of' export shows that the revenue rrom 

export is generall y increasing with time. 

9. Therc arc two ti mc phases on the Ethiopian roreign trade of' export. The lirst time phase 

is f'rom 1970 up to 1990 in which the re vc nue I'rom expons \\'as stagnant. The second 

phase is 1990 to 2007 in whic h the I·: thiopian loreign tradc 01' expons shows rapid 

growth. 



Rcco m mcnda lions 

Usi ng thc t\AO way nesicd class ilicat ions and the pancl data models we try to asscss the 

\'ariat ion and the structu ra l trend or the I: thiopia i()re ign trade of export, The result of the 

study indi cated that the ex port trade is growing with ti me, It is also ident iiied that the i()reign 

trade or lethi op ia is afreeted by the geographica l location of the import partners of [ thiopia, 

Wc recol1lmeud the rollowing points to improve the pe ri Ormil11CC o r the I:thi op ia n I() rcign 

tr"de of' exporl, 

I. Whcn we cons ide r the revenue obtaincd l'rol11 ex port trade 01' Ethiopia. we " ' und that its 

\',Ilue has considerably increased rrol11 19')0 up to 2007. Thercl c) re, bo th the government 

andthc pri\ ate seTtor should work togethcr to keep up the pace, 

2. The con tribut ion of an imal and animal products and l11etals and minerals to tota l revenue 

I'r0111 export is insignilican t. Here l11ueh attention should be given to the export of thcsc 

itcl11s in Older to achie\'e signilicant gro" th in re\ cnue I'romthe ex port trade o l' l· th iopia. 

3. Nex t to agricultu ra l products. the cxport of skin and leather to Europe is signi lieant to the 

towl re vellue I'ro l11 the expo rt tradc 01' I-ethiopia. The export 01' thi s item should be 

di\ 'crsilicd across all cnnt inents, 
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~ . Incrcasing the quantities 01· all export items can increase the revenue li·olll the export 

tradc . Therefore. by anal yz ing the clemancl of the international market system. the country 

should increase the supply oj" the itel11 s. 
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ANNEX 1. The su m of th e squa res 

• The total sum of squ<lrcs 

SST = 1613781.49 

• The regression sum of squa res 

SS R =955,275.70 

• The sum of squares of the continental effects 
Ii{a , .p ) =350,936 .7 

• The sum of squares of the continental effects after fitting the mean. 

Iila , :!I ) = 13U218 

• The sum of the square of the itcm clTects al'ler lilting the continental effects and the 

mean. 

Ii ( /3 : a !I) =9. 15:). 544.55 

• I'he S UI11 o f the sq u<lrcs abo ut thc mean 

SS M ~nO(3 \56)2 

/I(p) =219,214.9 

• The SUIll o['thc squares alkr fitting the mean. 
SSRm = SSR-SSM 

IIIj3ji,a , : l') ==736060 .8 

• The error SUI11 of squ,lI'CS. 

SS[ =658,505.80 
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ANNE X 2: ExpeCled share ,lnd revenu e f1'll tl1 expo rt , I(1'O SS contine nts O il the Ethio pidl l 

fore ign trade 

The export of it em j to the con tinen t i. 

I A~ricul t u raI2~ 
~n im a l prod. to 

M inera ls & Me 

.~~~-

d. to Africa 
-~~ ~-~~ 

Africa 
-

ta Is to Afri ca 

· to Afr ica 

d. t o Asia 

Skin & Leather 

Ag ricul tural pro 

~n~a l 'prod. to_ 

Minera ls & Met 

Sk in & Leather 

----
Asia 
~~--. 

als to As ia .-
· to Asia 

-----_.-

~~ 

.-~~ 

~ 

A~r i ctJl t u r al pro 

Anima l pr0..c!.: to 

M inera ls & Met 

d. to Europe 
~ ~--. 

I:u r~ 
--- -~-

als to Europ co 
~ ~-

Skin & Leather · to Eu rope 

d. to North Am erica .-- -. Agr i cul~alJl ro~ 

orth America 

I 
Anima l £l rod. ~ 
Minera ls & Met 

~~~- ~- --
als to North Am erica 

~-- -
· to North Am erica -_. - .--. I Sk in & Leather:.... 

d. to Sou th Amer ica Ag ricu lt urill P':9 

Anima l prod. to 

Min era ls & Met 

~- -----~ 

South Amer ica 
~--- ~~-

als to South America _.- ---- --- - ~~---.-

Skin & Lea t her · to South Am er ica 
.- ~-

T01a l 
--~ ---.~~ 

The est imated 

mo ney value from The 95% 
expo rt in MUSD. prediction inte rva l 

~~ 

- Lower Uppe r 
-~~ -~~ 

106.1473 72.18332 140. 1113 
~~~~ 

-~~-- ~ 

6.5 1752 6 0 40.4 8153 
~-~~ --~-

1. 72 193S 0 35. 68594 

0.762044 0 34.72604 
I-~-~~ 

177.5 115 143.5475 211.4755 

13.31526 0 47.27926 

6. 099445 0 40.06344 

20.11125 0 54.07525 

212.8254 178.8614 246.7894 
- - -~ 

0.886 103 0 34 .8501 I 
~~ - - - --. 1 

1.09765 0 35.06 165 

41.30792 7.3439 19 75.27192 

38.7466 4.782605 72.7106 

0.466678 0 34 43068 
- - -- -I 

0.482274 0 34.44627 
~~ --~- - --~ - - 1 

0. 886334 0 34.85033 
~~ - - ~- ~- -- --

2.3 10699 0 36.274 7 
- -- -- - ~ ~~ 

0 0 33.964 
- ~ --- - -

___ 0004.~ 0 33.96895 

0.12503 2 0 34.08903 
~- - ~ 

631.326 406.7188 131 0.606 
- ~-
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ANN I':X 3: The plot orthe standardized re siduals vel's us the observed values for 
export 

- -- ---- - ---
3.00+----------------------------1 

i~ 
I~ 
Ie 

2.00-

1 00-

0.00-

!!,'~ ~ - '00 -

Iii 
-200-

o 

!;J 

0 

o 
o 

o 0 

o o 
o 0 

o 

o 

0 

r9 -3.00+--..<::t:--------- ------------------j 

I , 
a DO 10000 

, 
20000 

, 
300 00 

I 
-10000 

OBSERVATIONS 

,\1\:\/0:'( -1: The statistics 0C lhe res iduals 

N 220 
Mean 0000 
Std. Error of Mean 8.42 
Std. Deviation .048 
Skewness .147 
SId. Error of 

3.094 
Skewness 
Kurtosis .293 
SId. Error of 

.0012 
Kurtosis 
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ANN~XS : Th co utpttts 

Mociel lit o r the poolccimodcl 

The po oled model Summary 

Model 
1 

Adjusted 
R .~ R Square I _R Square 

.907 822 .807 

Std Error 01 I I th e Estimate . 
70.53186 

Predictors: (Constant). AG , AN, Mt, SK 

Coc fficien t Co rrelati ons for the poolcd pan el model 

5 1< ~ II 

SI( /.(}(}() .099 

MI .099 1.000 
Co rrelatio ns 

AN ./)88 -.205 

AG -.554 -.2 11 
Mod el 

SI< 8. 292 .563 

M I .5r;3 3.897 
Covariancl's 

AN .45fJ -.723 

AG -. I (j I -.O5!) 

Dl! pl' nd~nl Variab le: ~ 

AN AG 

,fJ88 -.554 

-.205 -,2 " 

).000 -.413 

-.413 1.000 

.456 -.191 

-.723 -.050 

3.1()5 -.fJSS 

-, fJ88 ,!)14 

The revenue obtai ned li'om ex port of sk in and lemher and agricultural produc ts. mctals and 

l11i, 'c rnls and animal alld animal produc ts ane! meta ls and minerals and agricu ltu ral products arc 

lincarll corrcl8lcd. 
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ANNEX 6: Plots of rcvcnllc aga inst quantity 

Y 

The plot of the revenue from export against the export 
qua ntities of agricultu ral products 
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The plot of the revenue from export against the export 
quanti ties of animal and animal products 
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ANNEX 6: Plots of re vc nuc against quantity 

y 

The plot of the revenue frolll export against the export 
quantities of agricultu ral products 
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The plot of the revenue from export against the export 
quanti ties of animal and animal products 
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The plot of the revenue from export against the export 
quantit ies of skin and leather and animal products 

70000 
0 

60000 0 

0 
500.00 

0 

400.00 
0 

0 
Y 0 

0 
300.00 

200.00 0 0 
I 

'O d?b 0 R Sq Quadratic =0.58 

100.00 0 R Sq Linear = 0.588 CD 
0 

0.00 

0 .00 5.00 10.00 15.00 2000 25.00 

SK 

74 

I 

~ 



DECLARATION 

I. the unders igned. declare that th is thesis is my ori ginal work . has not becn prescnted lor dcgrecs 

in 'Ill \ uthe r l ·n ivcrsity and all source materials used lor thc thesis havc becn duly 

<lek nowledged. 

~ lim c: YO HA N ~ ES Y EllA B E ----------------- ------ ---------- ----­

Sigllaturl'_ -21><--' .( .-
Pla ce of submissiol1-DI: PARTMENT 01: STA II STleS. 

SCI ENe!: FACULTY 

/\J)J)IS /\81\11/\ UN IVCRSI T Y 

Date of sub missio n 

This thesis work has been suiJm il1ed 1(". c.xamim ,vith my approval as a Unive rsit y' advisor. 

Dr. EM MAN U E L GNO II AN N ES - - - --1;;:::;:::;::;1----

75 


	MX-M464N_20211210_153425
	MX-M464N_20211210_154120

