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Abstract 

The paper presents (/ slllall lI1acroeconoJl'letric 1I10dei by categorizing the working of the 

econolllY in to aggregate demand, aggregate supply, 1I10netwy sector, and price sector. The 

1II0dei is estimated usillg data/i'om 1970171 to 2008109 employing an eclectic approach, the 

Engle·Cirager /WI) step procedure and Autoregressive Dynamic lag Model (A RDL) approach 

!,jl'eseal'Cln el al (2001) 10 ohtainthe cointegrating relations and shorl mn dynalllic 1II0dei. 

7he cotlslmctioll ojlhe lIIodel folloll's the lines oj aggregate supply · aggregale demand 

jiwllell ·ork. The adequacl' ojlhe model and itsjiJrecasting accuracy is checked using MAE. 

MA PL, RMSI'E (/17d Theil's inequality coeffiCients. And the lIIodel is jiJ/lnd to track 

endogenous poriahles It'ellf(JI' (he given sample period Policy simu/oliol1 {(sin!!. Ihe c~vnam;c 

simu/otion method cOlllpares Ihe (0'11uIllic re,\jJonses to Ihe .liscal poli(y in the ./(Jrm (~j" 

ex/w!1.v;'mw:v goverument has an expansionol :V e.llec/ Oil dOml!Slic Oil/pili. hOIl /ever ./hllO\red 

hy ill/lolio}] lind (TO B 'ding. oW (?l private im'esfl1lenl. 7'he other simulation is CI lIlone/llI:1' 

reslruilJllw/i(:IJ ill Ihe jiJnl1 (?rredllcing domes/h' credit is e.fTeclille 10 aile viole il!/la/;oll and 

j",,,ron! 'he 'rode halonce Iho/(gh it is less e.!lecti\·e to increase domestic ()/(tput. Efhiopio11 
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1 INTRODUCTION 

1.1 Background 

Macroeconomic adj ustment policies have been adapted in Ethiop ia since late 1950s 

hitherto, Main objectives of these macroeconomic policies had been to bring a long term 

change in the structure of the economy and a rapid economic growth, Ethiop ia has aspired 

to bring structural change starting from the time where the first development plan has been 

designed however, from 1950s up until now the country is under the vicious circle of 

subsistence fanning characterized by holding more than eighty percent of the population 

main source of livelihood, 

Ethiopia has implemented different development plans, In the imperial era there had been 

three plans ranging from 1958-62, 1963-67 and 1969-74 and each of them having five 

years duration under free market ideology, In Derg era the first development campaign 

plan was with the intention of creating sociali st Ethiopia which was commenced from 1978 

up to 1984, and the second plan was a long term plan designed to have ten years epoch 

launched in 1984/85 and supposed to end in 1993/94 (see Alemayehu (1999), 

Aye le(2003)), In the ruling government of Ethiopia, Ethiopian Peoples Revolutionary 

Democratic Front (EPRDF), different development plans had been exercised unlike ex­

governments from the point of implementing development plans, In the early 1990s least 

developing Countries (LDCs) had been levied a program by the Briton woods Institutions 

(World Bank and IMF) tagged by the structural adjustment program (SAP) and Ethiopia 

has been one of those countries selected for the prescription to swallow the medicine, And 

other programs implemented were own demand driven with the intention to achieve the 

millennium development goals (MOGs) set by the Un ited Nations, T hese development 

plans are Sustainable Development and poverty Reduction program (SDPRP) extending 

from 2000-2005 and Plan for Accelerated and Sustained Development to End Poverty 

(PASDEP I) extending from 2005 to 2010, And recently Ethiopian government has 

announced a deve lopment plan named Growth and Transformation Plan (GTP) (see 

MOFED 2000, 2005, 2010), 
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Though Ethiopia has long period in exerc isin g development plans in the standard of other 

African countri es (Aye le,2003), but still now there is no macroeconomic models that had 

been attempted at an institution or government level to make po li cy analysis except at 

individ ual leve l mainly in the context of some partial academic resea rch (EEA, 2008) . 

Models are used to orga ni ze and describe our understanding of the workings of nat iona l 

and globa l econom ies, prov ide a common framewo rk for commun icatio n, pred ict future 

econom ic developments under alternative scenarios, and to evaluate potenti al outcomes of 

po licies and extern a l events (Garratt el ai, 2006). Macro-econometri c mode l that rea ll y 

mimics th e working of the economy allows policy makers and other stakeholders to make 

po li cy exerc ises and understand how the economy functions. 

Sound economic pol icy ana lys is and forecast relay on the quality of the data . Like other 

developing countries in Ethiop ia there is absence of data for some economic variab les like 

capital stock, amount of labor and also poor quality of data are part of the problems that 

exists. But this does not prohibit us from building the macro model s, but these limitations 

have to be considered in the modelling exercise. 

Having thi s as a background, the main objective of the paper is to build a macro­

econometri c model that represents systemati c interaction of the economy and to 

characterize Ethiopian economy based on a model and to undertake a counterfactua l 

analysis from the s ide of fi scal , monetary and externa l sector of the economy and forward 

policy implicat ion. 

1.2 Statement of the problem 

In order to implement effective and sustainable economic policy appropriate economic 

guide line, development plan, is very decisive . But to mon itor and evaluate this guideline 

appropriate tool is very mandatory. One of these tools is macroeconomic mode l. 

Macroeconomic models are laboratories to test ideas and policy proposals of policy makers 

and anal ysts by subjecting their anatomy i.e. economic structures of the sectors. Hazel and 

Norton ( 1986) and Roberta (2005) explain models are a d isti ll ation of econom ic theory and 

the use of models ensures po li cy-mak ing is gu ided by a correct understand ing o f how 

economies fun cti on, and hence they help us to confirm and strengthen ex isting ins ights. 
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Constructing macro model particularly to the case of develop ing countries IS often a 

difficult task due to insufficient and scattered data sources. In addi ti on, macro-economic 

modelling is not an end by itse lf rat her a dynamic process which needs cont inuous 

updating to capture the current economic condi tions of the country. Hence to app ly 

va luab le and better economic policy, to make a counterfactual macroeconomic policy 

exercises macroeconomic model is a vital tool. 

One of the techniques that help to construct macroeconomic mode ls is macro-eco nometri cs 

approach. Though after 1970s macro-econometric modelling was censured by Lucas( 

1976) cri tique wh ich argued macro-econometric models are designed to perform former 

task on ly, and applyi ng these models for simulat ion provides no useful information as to 

the actual consequences of alternat ive economic po l icies even features of the model which 

lead to success in short-term forecasting are unre lated to quantitative policy eva luation. 

Expli citly, the critique squabbles there is no reason to believe that the 'structure' of the 

decision rules (or economic relations) would rema in invariant under a policy intervention, 

i.e. policy evaluation should be based on a simple principle of rational expectations theory. 

As a response to Lucas (1976) cri tique there has been different approaches and tests 

forwarded by Hendry (1980) and Fair (2004) . Hendry( 1980) brought a methodology 

known as "general to specifi c approach" or commonly known as the London School of 

Economics(LSE) methodology where models are postulated in terms of Economic theory 

and structure( Stat ic and dynamic nature of relations) to be determined by the data. Fa ir 

(2008) has also tested the ra tional expectation hypothes is and forwarded in most cases the 

theory is rej ected by using the relationship between unemployment and inflation of US 's 

data. 

In principle forward looking and rati onal expectation are theoretically very interesting but 

app li cation of these models to develop ing countries, especially where there is sluggish 

flow of informat ion to the actors of the economy and where infinites imal modern sectors is 

main manifestation of the economy the relevance of Lucas critique is not worth mentioning 

(Pau ly, 2000). 

Once a macroeconomic model is we ll deve loped it can be used for the ana lys is of policy 

3 



reforms such as stabilizati on po li ces to redu ce in flat ion, ba lance of current defici t, and 

government budget de fi c it; li berali zati on o f trade, exchange rate; tax reforms, and other 

relevant polic ies too. 

To sum up, macroeconomic model like macro-econometri cs models have to be built for a 

country in o rd er to assess economic situation and its functioning. 

1.3 Obj ec tive of the study 

The main obj ecti ve of thi s study is to construct a sma ll macro-econometrics model fo r 

Ethiopia and eva luate di fferent po li cy interventions. The speci fi c objectives are to: 

.:. Develop a macro-econometrics mode l by giv ing emphasis on the macroeconomic 

context of Ethiopia for bas ic elements of the economy; 

.:. Characterize the macroeconomic structure of the economy based on the model 

developed; and 

.:. Have a counterfactual simulati on exerci se from the fi scal , monetary and external 

sector of the economy. 

1.4 Significance of the study 

Though Ethiopia has exerci sed different development plans still the country does not have 

a macroeconometri c model that is institutionalized by government or concerned body 

which is used as a frame work to make po licy ana lys is. Macro-econometric model th at 

satis fi es the very nature of a country's economic situation has paramount importance 

compared to that of main stream economic theori es especiall y in the case deve loping 

countri es like Ethiopia. This thes is is beli eved to fill thi s gap by deve loping a 

macroeconometri c model taking key macroeconomic fea tures of the country. 

The thesis has two main signifi cances . First, it g ives what the long run and short run 

determinants of di fferent components of the economy are. Second, it helps po licy makers 

to undertake diffe rent po licy exercises and it a lso contributes to furth er studies related to 

th is thin area of research focus to the case of Ethiopia. 
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1.5 Organizatio n of the study 

The thesis is organ ized into seven chapters. The second chapter fo llowing the introduction 

focuses on the basic macroeconom ic performance of the country for the study 

period(l 97017 I up to 2008/09). Literature review is done from two sides one purely from 

theoretical aspect for di fferent sectors and the other on empirical literature which is 

di scussed in chapter three. Chapter fo ur explains model specificati on and estimation 

tec hnique app lied. Chapter fi ve gives empirica l analysis to the model deve loped and gives 

interpretations of each of the equat ion for both long run and short run dynamics. The 

penultimate chapter deals on how the model tracks actual data and dynamic counter factual 

ana lys is. Finally, conclusion and policy implication will be di scussed. 
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2 REVIEW OF ETHIOPIAN ECONOMY 

The basic aim of th is chapter is to give highlight on overa ll performance of Eth iopian 

economy for the study period that ranges from 197017 1-2008/09. An overview of the 

economy is given in relation to demand side, supply side, price, monetary and external 

sector deve lopments. 

2.1 Supply Sid e of the Economy 

The real sector of the economy comprises agriculture, secondary (manufacturing, 

const ruction and electr icity and water product ion) and service sector. Agri culture sector 

has played a central role in the economy of Eth iopia for the last four decades ( 197017 1-

2008/09) by having average share of about 55 percent and thi s sector is characterized to 

depend on the nature of motherland's good weather condition i.e. on the ava il ab ili ty of 

amount of rainfall. MOFED (2009) documents agricul ture sector contributes 45.9% on 

average at the period the economy has shown an imperati ve econom ic growth ·from 

2003/04 up to 2008/09 with an average of 11 .5 percent. Due to its role to the subsistence 

economy and the labor force it absorbs agriculture has been the central focus by all 

governments so as to build their mass bas is by hav ing different economic deve lopment 

plans. When we see the development trend in agriculture sector its share has declined from 

65 percent in 1970/0 I to 42 percent in 2008/09. 

Industry sector has more or less a constant share to the economy fo r the last fo ur decades 

which has contributed as low as 9.2 percent in 1992/93 and as high as 14.8 in \ 984/85. 

The higher contribution of industry was in 1984/85 which is not because of the good 

performance of industry rather due to the drought that has happen in the country which 

resulted in a relat ive decrease for share of agriculture va lue added. Thus we can say the 

sector has on average a share of 13 percent of the total economy even· in the period when 

the count ry is experi encing a continuous double digit growth . 

Service sector's share has increased from 24.5 in 197017 1 to 44.7 percent in 2008/09. The 

increase in the share of service sector is more ascribed to the increase of wholesale and 
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retai l trade, rea l estate, renting and business ac ti vities. The contribution of each of the 

sectors from tota l GDP for the last four decades is given in fi gure 2. 1. 

Figure 2. 1: Share of Agri culture, secondary and Service Sector 
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Source: Own computat ion based on MoFED (2009/ I 0) and EEA (2009) data. 

The average economic growth rate for last four decades has been 3.82 percent and taking 

on ly the period for existing ruling government (1992/93 - 2008/09) economic growth has 

recorded an average of 5.5 1 percent, however and average of 11.6 percent is achieved for 

the period between 2003/04 - 2008/09. The economic growth of pre-1991 is signifi cantly 

less than that of the post peri od but still the structure of the current economy is as where it 

has been in the early 1970s and even the contribution of sectors to economic growth is 

more or less with similar pattern. The contribution of different sectors to econom ic growth 

is given in tab le 2. 1. 

Regarding contribution to economic growth, service sector has contributed 50 percent of 

the growth to the total economy and agricu lture has contributed around 36 percent and the 

rest 14 percent is from industry sector on average for the period between 1970171-

2008/09. When we compare the sectors contribut ion of to the overa ll economic growth , in 

the pre- 199 1 peri od the contribut ion of agriculture to the total econom ic growth has been 

around 39 pe rcent on average and in the ex isting regime the average contribution is stil l 

36.6 percen t. Indust ry contr ibutes 1 1.1 percent in the pre- 1991 peri od and in the EPRDF 
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reg ime it contributes about 14 percent and in the case of service sector it is 49,7 percent in 

the pre-1991 and simi larly it rema ins 49.36 in the post period, In ge neral , even in the 

recent period (2003/4 - 2008/9) the contri bu ti on of d ifferent sectors to economi c growth 

and the struct ure o f the economy is fa irl y simil ar to pre-1 99 1 peri od. 

Table 2. 1 : Average Growth Rate and Contri buti on to Economic Growth of Sectors 

Period Agriculture Industry Service Total 
Average Contributio Average Contrib Average Co ntrib Economic 
g rowth to growth ution to growth ut ia n to G rowth 
.. ate(%) Growth(%) rate (%) G rowth nlt e (0/0) Growth (%) 

(%) (%) 
1970171- 1.32 0.66 1.78 0. 19 3.07 0.85 1.71 

1991 /92 
1992/93 - 4.25 2.02 6.43 0.77 7, 13 2.72 5.51 
2008 
2 QI.l 3/4 - 10,79 4.97 10,3 1.35 12.95 5.30 11.61 
20..08/9 

u 

Source: Own computation based on MoFED data. 

2.2 D emand Side of the Economy 

Demand side of GDP is dominated by consumption with a share of about 90 percent before 

EPRDF reg ime and 92 percent after that, on average. Rea l gross capital formati on as a 

share of real GDP has increased fro m 13,8 to 2 1.1 percent ; resource balance has gone up 

from 3,5 to 13 percent post-1 99 1. The share of demand component fo r differen t period is 

dep icted in Table 2.2 below. 

Table 2.2: Share of Demand Components 

Demand Co mponent 1970171 1992/93 2003/04 
to to to 2008/09 
199111992 2008/09 

Real Final Consumption 89.7 91.8 95.1 

Real Private Final consumption 79,7 80.4 83.8 
Real Government Final consumption 9.9 11.4 11.3 

Real Gross capital formation 13.8 21.2 24.3 

Real Private cap ital fo rmation 7,77 9.98 9.93 

Real Government capital formation 6,07 11.62 14.39 ' 

Reso urce Balance 3.5 13.0 19.5 

Source : Own computati on based on MoFED and EEA data base, 
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The average growth rate of demand components for pre- I 992 is minima l as compared to 

post- I 992. Fina l consumption has reg istered 1.97 percent average annual growth rate for 

pre- I 99 I period and 6.45 percent for the post-period and a m. ,cntum ' growth of I I 

percent between 2003/04 to 2008/09, on average. The annua l gro~~ rates for gross capita l 

formation, export and import growth rate for post - I 992 is more th,1n 5 times as .compared 

to the pre-period. Table 2.3 below gives the average growth rates of demand components . . ' 

Tab le 2.3: Average Gro\qh Rate of Demand Components 

Demand Component 1970/71 to 1992/93 to 2003104 to 
199111992 2008/09 ' 'X/09 

Filial Consumption 1.97 6.45 1 U .9~ , 

Private Final Cons. 1.92 6.42 12.06 

Government Final cons. 3.70 8.2 1 2.83 

Gross capital formation 1.90 12.98 12.34 

Export 0.26 10.69 7.4.0 . ' 

Import 2.67 12.38 12.79 " 

Nat ional saving 3.19 9.56 16,77 

Source: Own computation based on MoFED data . !, , 

The growth in gross capital formation has been very sluggish , in the pre-' existing regime ' 

w hich has recorded an average growth rate of 2 percent annually but 13 percent, for post: 

period which is credited to the investment atmosphere created for the private investment. 

and government investment for post 1992 period. In the period between 1992/93 to 2008/09 

the real private investment has been growing on average at 8.3 percent annually. 

2.3 Fiscal Development t :.' 

One of the economic instruments used to gu ide the economy is by implementing a fisca l 

policy throu gh revenue collection and proper al location of resources . General government 

pul ls receipts from tax revenue, non tax revenue and grants. Tax revenue has a share of 60 

percent , and non tax revenue and grant have a share of 2 I and 19 percent from the tota l 

receipt on average for the last four decades . Of the total expenditure ,63.9 percent is 

covered from revenue, 15 percent from the grant and the rest 2 I percent is covered from 

domestic and foreign borrowing. After economic liberali zation i.e. over the peri od 1991 /92 

to 2008/9, the share of import duti es and taxes cover 40 percent the to tal tax revenue due to 
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the increase in custom reven ues tax ga ined from the increase in imporl. Government 

revenue, expenditu re and surplus starti ng from 197017 1 to 2008/09 is presented in fi gure 

2.2. 

Figure 2.2: Trend of Government Revenue, Expenditure and Surplus 
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Source: Own computation based on MoFED data 

From Government expenditure side, budget is a ll ocated for current and.capital·expenditure . 

Current expenditure includes general services consisting of general government serv ice 

expenditures, national defense, internal order and justices, econom ic services and social 

services. Capital expenditu re includes expenditures on econom ic and soc ial developments. 

The proportion all ocated for current expenditure is on average 69 percent and the 

remaining 31 percent for capital expenditure for the last four decade. In the EPRDF reg ime 

there is a sli ght improvement in the allocation of resou rce to speed up economic 

development yet the share of recurrent budget takes 62 percent and ,the rest 38 percent is 

allocated to capital expend iture on average. However, for recent · period (2003/04 -

2008/09) the budget allocation is fai rly equal ly shared between the two categories of 

expenditure. 
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2..1 Monctary DC\'clop lll cn ts 

The an nual growth rate or domesti c liquidity is measured by the broad money supp ly 

across a period of time. The expansion of broad money has reached its cl imax in the last 

six years o f the stud y period, however, annual average growth had been simil ar for both 

pre and post-1 99 1 periods that has reg istered 13.7 and 14 percent respecti ve ly. For the last 

six yea rs (2003/04- 2009/10) average annual growth rate of domest ic liquidit v has been 

I S. I percent wi th maximum of 2 1.2 percent ror the year 2006/07 . 

Narrow money, which includ es currency outside of banks and net demand depos it s, has 

grown by 16 .5 percel11 and 11 .5 percent for pre and post-199 1 pe ri od respecti vely; bu t for 

recent pe ri od (2 003/04- 200819) annual percentage growth is equi va len t to the pre- 199 1 

period. Ma in faclOrs influencing the growth of broad money are net fo reign asse t and 

domestic credi t. The annual growth rate of net fo reign asset is hi gher for post- 1991 per iod 

and domestic credit has reduced on average especiall y due to the decrease in government 

claims though there is an increase for the non governmental institutions, on average. The 

growth rate of hroad money and its determinants is shown in fi gure 2.3 below. 

Figure 2.3: Growth rate of Broad Money and its determinants 
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In the recent period (2003/04 - 2008/09) the growth rate domest ic credit is 2 1 percent on average. 

Claims by non-governmental sectors have been gro\ving with 311 average of 31 A percent and for 

govcrIlmcllt it has been gro\ving wi th an average of 11.5 percent. 
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2.5 Price Developments 

Price leve l is affected with many facto rs in the case of Eth iopia. In pe ri ods when there is 

drough t, hi storica l data attcsts the presence of price hike due to the decrease in agricultu re 

output. Fo r instance in drought year 1984/85, 199 1/92, 2002/03 agricultu re outpu t has 

dec li ned by 20, 3, II percent respect ive ly and thi s has caused infl ation rate up to 19,2 1, 

and 23.5 percent respect ive ly. 

A Iso fo llowing monetarist 's argument , inflation is a monetary 'phenomenon that results 

fro m monetary growth. For the period starting from 2003/04 - 2008/09 innation has been 

gro wi ng with 16.7 percent and money supply has al so been growing by 18 percent on 

average that shows a strong co-movement between the two va ri ab les. 

Fig 2.4: Inflation , percentage change in agr icu lture output and growth rate of broad mone 
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Source: Own computation based on MoFED ,N BE and EEA(2009) data 

In the peri od (2005/6-2009/ 10) which is known as PASDEP period, the country has faced a 

peak to peak growth of 64.1 % CPI for the first time in its entire econoni ic hi story. This 

inflationary per iod (2005/6 up to 2008 '9) has created high macroeconom ic instab ility and 

erodes the wea lth of househol ds. The main reasons for the periods inn ation had been 
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import ~d in fl ation (such as the incrcnse in the price 01' fuel, stee l, fertil izer), money su pply 

growth . ineffic ient marKet stru clU res and inflati onary expectations by the marKet 

parti cipants (seeMOFED(2009);A ndnet and Abebe(2006); Alemaye hu and Kibrom(2008)). 

2.6 Externa l Sector Development 

Ex ternal pos iti on of a given economy can be traced using balance of payment as a mirror. 

Ba lance of payment summari zes the econom ic transact ions of a given economy with the 

rest of the world. In the case of Ethiopia ove rall balance of payment has a swinging 

pattern and at limes when it is in surp lus capita l account surpasses curren t account. In the 

last fou r decades except 1972173 and I 973174 current account ba lance has been below Lc ro 

whi ch shows the coun try's high dependence on imported commodi ti es. The development 

in the overa ll ba lance of paymeJ1l , current account and cap ital account is presented in 

fi gure 2.5 below. 

Figure 2. 5: Trends on overa ll ba lance of payment, current account and cap ital account 
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Source: Own computation based on NBE. 

Ethiop ian expo rt sector is hi ghly dominated by export of pri mary commod ities namely 

coffee. o ilsceds, pul ses, chat, flower, anil;l al and an imal's pri mary products like leather 

and leat her prod ucts and go ld . From the total merchandi se e.'po rt coffee contri butes abo ut 
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52 percen t on average far the per iod f970/ 1 - 2008/09, and around 47 percent post- 1991 

and 35 pe rcent fa r recent per iod 2003/0-1 - 2008/09. The recent decli ne in share of coffee 

export ea rn ing is due to the increase in export of oil seeds, pu lses, !lowers and chat. Items 

li sted above have a share of 85 percent on average from the IOta I merchandise expon 

earnings . The trend on the share of export for each of the commod ities is given in fi gure 

2.6. 

Export or commodities has grown by 6 perccnt on average for pre-199 1 peri od and 13 

percent for post-1991 period and recent ly by 24 percent for the pe ri od 2003/04-2008/09. 

(MOFED, 20 I 0) has argued the increase in recent performance of export is ascribed to the 

fa vorab le exchange rate po li ces and improved infrastructure but \\·it hout standing thi s fact 

till noll' the country is export ing similar commoditi es fo r the last four decade without any 

structural change. 

Figu re 2.6: Trend on Export of Commodi ti es 
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Source: Own computation based on NBE. 

Ethiopian im port is characteri zed mainly by im port of raw mater ials, semi fini shed 

commodi ties, petroleum and petroleum products, capital goods li ke import of tyres of 

heavy vehicles, aircraft and consumer goods. Of the total imported commodit ies consumer 

goods have a share 6f 33 percent and th e rest took 67 percent, on ave rage. From consumer 

goods abo ut 67 percent is on non durab le commoditi es which includc ce rea ls, other food 
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it ems, medi cal and pharmJc~ uti ca l and tex ti le fabric s; the rest on durables li ke rndio and 

te lev ision, tyres, Ca rs and other vehicles. The amount of merchandi se import annual growth 

rate has ri sen from 9 percent of pre-1991 period to 22 percent for the post period and by 35 

percent when we take out the period 2003/04 - 2008/09. 

Trade deficit widened on average by 25 percent for pos t-1991 and 34 percen t for 2003/04-

2008/09. This is due to the fac t that export earning covers about 60 percent of the imported 

merchandi se in pre-199 1 period on average and a quarte r of the total import for post-1 99 1 

peri od due to the trade li bera li zation. And strikingly merchandise export can only finances 

abou t 2 1 percent of merchandise import for the per iod the country has experienced 

con tinuous growth . Th is \\ 'idening gap between im port and export is financed through 

exte rnal source either transfe rs or debt. 

2.7 Development in Foreign Exchange Market 

Before the fell of Brel10n Woods system one of the main feature regarding international 

monetary system were the relat ively fixed exchange rates of individual currencies to US 

dol lar and the convert ibil ity of the dollar into go ld for foreign officia l institutions. 

However, sta ring from 1971 it was replaced by the present regime of rapidly fluctuating 

exchange rates. 

In the case of' Ethi op ia starti ng from 1970/7 1 the offic ial exchange rate of birr against 

do ll a r has been two bi rr and forty cents in the offi cial market and 2 birr and ninety fi ve 

cents lo r the parallel foreign exchange rate market. In the pre-I 974 period birr has been 

deprec iating by 5 percent on ave rage but during Derg reg ime ( 1974/75 - 1990/91 ) the 

exchange rate has been fi xed at a va lue of 2.07 birr. However, a ft er 1992/93 exchange rate 

has been liberalized and the rate is deva lued by 106 percent once to get its market price. In 

the Derg regime before the officia l deva luati on was made the paralle l market of do ll ar was 

the one that represents the tru e va lue Ethiopian currency (b irr). The offi cial and pa rall el 

exchange rate va lues and amo unt of deprec iation in percentage change is given in fi gure 

2.7 be low. 
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Fi gure 2.7: Annual depreciation and exchange rate o f birr aga inst do ll ar 
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In the period 1974175 - 1991 /92 parallel exchange market premium is on average 127 percent 

greater but post-1992/93 period the average paral le i exchange rate prem ium has deteriorated 

to 12.7 percent and if we exc lude 1992/93 the premium goes down to 6.8 percent on average. 
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3 LITERA TU RE REVIEW 

3. 1 INTRODU CTION 

This chap ter reV iews theoreti cal and empirica l li teratures at sectoral level to li ght how 

behavioral equat ions are spec ified that are go ing to be used in the developmen t of the 

macro-econometri cs model. The theoreti ca l literature focuses on standard theories for 

diffe rent sectors, and theo ri es related to deve loping economies. The empirical li te rature 

gives an explanati on on models constructed fo r deve lop ing countri es. And the fi nal sec ti on 

br iefly summar izes mac ro-econometri c mode ls deve loped to Eth iopia. 

The fo rmulat ion of a comp lete macroeconomic fram ework suit able fo r policy analysis 

requ ires not only a desc ripti on of the basic accounting identities or equilibrium cond iti ons 

that must hold at aggregate level, but also the specification of pr ivate agents' behav iora l 

func ti ons (Agenor and Monte l,2008, p.62). Since behaviors of agents vary across 

economic status, pragmatic behav ioral equations should be ident ifi ed consistent to the case 

of deve lop ing countri es. To enr ich thi s issue and bu ild a good representative model of the 

whole system to give literature rev iew at sectoral level is found to be relevant. 

3.2 THEORETICAL LITERATURE 

3.2.1 T heoretica l Model of Aggregate Demand 

Aggregate demand of a give n economy comprises domesti c absorption and trade ba lance. 

Domesti c absorption equates the sum of pri vate consumption, investment and governm ent 

consumption . 

3.2.1.1 Consumpti on Behav ior 

Consumption expenditure takes the lion share among aggregate demand components; and 

margina l propensity to consume gives a lot of imp licat ion on the long run growth pol icies. 

Since higher MPC implies lesser sav ing thi s in turn leads to lesser in vestment and gro\\·th 

rates . Literature on consumption behav ior can be viewed as Keynes ian and post- Keynes ian 

theo ry. Fol lowi ng Keynes which gave the first hypothesis of consumption behav ior in 

1936, abso lute income hypothesis (A I 1-1), other theo ri es had been developed following thi s 

theory were: Post-Keynes ian thcories includ ing Duesenberry's ( 1949) relative income 
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hypothesis (R II-I), l\IIodiglinn ia and Blumberg's (1954) li fe cycle h'pothesis (LCH) and 

Fri ed man 's (1957) permanent income hypothesis (I' ll-I). The other recent hypothes is that 

cons iders forward looking behavior of consumers was deve loped as respo nse I to Lucas 

( 1976) critique is the random walk hypothesis of Ro bert Hall ( 1978). Both Keynesian and 

post-Keynesian explain the aggregate consumpt ion level by focusing on the micro 

found at ion of economic theory (Campbell and l\IIankiw, 1989). 

Absolu te income hypothes is (A IH) takes lor granted that the amo unt of aggregate 

consumption mainly depends on the amount of aggregate income (both measured in terms 

of wage-u nits), thi s is because of psychological characteristic of the community, and i.e. 

the portmanteau fu nction 'propens ity to consume' is a stab le function. ' Also the average 

propens it y to consume (A PC) given as the ratio of consumption to income decrease as 

income ri ses (Keynes, 19 36, p.70). 

But after World War 1/ Keynes's conjunctures fa iled to manifest the ex isting rea lity, i.e. 

income has rai sed but saving did not. Thi s experi ence dramatically underlined the 

inadequacy of consum ption fu nction that relates consumption or sav ings solely to current 

II1c ome. And another anomaly for A IH arises from Simon Kuznet(1942) time series 

analysis on average propensity to consume, which resu lted APC is more or less constant 

for the sample peri od considered for the study (1879 up to 1938 of US's data). Though, 

Keynesian conjunctures fa il to hold for long se ri es still that ho lds for short time period 

household consumption data. This con troversy has created consulllplion puzzle as many 

li teratu res desc ribed it (see Friedman, 1957, P. 4, l\IIankilV, 2009, p.435, Camp bell and 

l\IIankiw, 1989). 

I Fo llowing Lucas's crit ique, Robert Hall (1978) proposed a new approach to studying 
consumption that was firm ly founded on the postu late of rationa l expectat ions and that was 
immune to the problems Lucas poi nted out (see Campbel l and l\IIa nkiw,1989, p. I). 
2 "The jill1damental psychological law, upon \!'hich we are entitled fO depend IVilh great 
confidence both a priori ji-om our knowledge of hllman naillre and ji-om Ihe delailed f acls 
of experience, is thai men are disposed, as a rule and 011 the average, 10 increase Iheir 
consumption as their income increases, b1ll no! by as much as the increase in their 
incollle.. we lake il as a jiil1damemal psychological rille of any modern community Ihal, 
when ils real income is increased, it will nol increase ils consumption by an equal absolute 
alllollnl, so thai a grealer absolute amount IIlIIsl be saved, unless a large and unusual 
change is occurring allhe same time in otherfactor" (Keynes, 1936, p.70) 
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To solie conslimp ti on puzzle, i.e .to bring reconciliati on for the cyclica l or shorl run 

achievements of the Keynesian consumpt ion hypothes is and fa ilure in the long run resulted 

in other th ree fundam enta l theori es RII-I, L1H , and PII-1. The main goa ls of these 

hypotheses were to so lve the two anomalies raised. These are: average propensity to 

consume should decline as income increases for cyc li cal fluctuati ons (short run) and APC 

should remain constant for permanent li fe time income in the long run (Campbell and 

Mankill·. 1989). 

Duescnberry( 1949) hypothesis o frelati ve incomc hypothes is has both social and econom ic 

components. Hi s hypo thesis appeared by criticizing assumptions about consumption 

choices. I-Ie argued AIH is badly nall'ed and simplisti c, because it fai led, inter alia , to 

recogni ze the central imporlance of habi t fo rmati on and took no acco unt of how levels of 

ex pendilU res could be increased not by cha nges in income or pr ices, but by contact with 

"superi or" goods generated by the consumption expenditures of others with whom the 

individual or fa mily came into frequent con tac t. Duesenberry ca ll ed this largely social 

in nuence on consum ption as "demonstration effec t," and this is the mechanism that tended 

to force up consumption expenditures independently of price and income considerations. 

Given the importance of social considerations in determ ining expenditures, RIH argued it 

is re lati ve rather than absolute levels of income that determines the nature and direction of 

indi vidual 's consumption and saving. Also it adds if theory is inline with thi s argument, 

theory of consumer demand will be a more plausible economic theory (Manson, 2000). 

Mod iglani el 01 ( 1957) emphas ized income varies systemat ica ll y over people's li ves and 

savin g all ows consumers move income from those times in life when income is high to 

those times of low. This interpretation of consumer behavior formed the basis for life cycle 

hypothesis. In LCH consumpti on depends on both income and wea lth. They noticed that 

wea lth does not vary proportionately wi th income; hi gher income corresponds to low 

average propensity to consume in short peri ods. But over long periods, both wea lth and 

income grow together and hence it fu lfill s Ku znc ts finding of constan t APC and the long 

run constrain t of the consumption puzzle (Mank iw, 2009, p 447 - 45 1). 

Permanent income hypothes is (PI H) emphasizes income of an ind ividual is subject to a 

random and temporary shock. I-Ience, current income of an individual equates the sum of 
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permancnt component and transitory componenl.) PIH forma ll y hypo thes izes the relation 

between permanent income and permanent conslimpti on as pCrlll~IIlCnt consumption is tili..": 

product or pe rmanent income and other va ri ables. 

It should be noted that the ratio between permanent Consumption and permanent income 

is independent of the size or permanent income but does depend on other vari ab les, in 

pa rt icular: 

( I) the rate or interest (i) or sets or rates of interest at whi ch the consumer unit can borrow 

or lend; (2) the relati ve importance of property and non property income given by the ra ti o 

of no nh uman wea lt h to income (w); and (3) the portmanteau fac tor determin ing the 

consumer, unit's tastes and prererences for consumpt ion versus addi tio ns to wea lth. Th is 

hypothesis also so lves the consumpt ion puzzle like LCH (Fr iedman, 1957, p.2 1). 

Robert I-Ial I ( 1978) sholl ed, i I' I i recyc le pe rmanent income hypothesis is correct and i I' the 

consumers have rational expectations, then changes in consumption over time should be 

unpredictable and the variab le is sa id to follow a random walk. This implies consum pt ion 

lagged more than one period has no predictive power for current consump ti on' ; and a 

more stringent testable implication of random-walk hypothes is holds consum ption is 

unrelated to any economic vari able that is observed in earlier peri ods even lagged income. 

Hence forecasts of future changes in income are irrelevant, since information used in 

preparing them is a lready incorporated in today's consumption (Hall , 1978).5 

However, Campbe ll and Ma nk iw (1989) found expected changes in income are associated 

with expected changes in consum ption. In other words, Ha ll 's hypothesis of consumpt ion 

as a random wa lk does not hold. They fou nd when income is expected to rise by I percent 

consumpti on should be expected to rise by 0.5 percent. This strong connection between 

current income and consumption prov ides at least circumstanti al evidence for 'rule 01'-

) "The permanem component is to be interpreted as refl ecting the effect of those factors that the unit regards 
as determining its capital value or \'!ealth: the nonhuman wealth it owns; the persona l attributes of lhe earners 
in the ull it , such as their tra ining, ability, personality; the attribu tes of the economic acti vity of, the earners, 
slIch as the occupation fo llowed, the locati on of th e economic activi ty, and so 0 11. It is analogous to the 
"expected" va lue of a probability distribut ion. T he frGllSlf ol:" component is to be interpreted as reflecting al l 
"other" factors , factors that are likely to be ireated b~ the unit affected as accidental" or "ch emce" 
occurrences, though they may, from another poin! of vie\\'. be the predi ctabl e effect of specifiable forces, for 
exam ple, cycl ical fluctuations in economi c acti vity" (Friedman M ., 1957, P. 2 1-22) . 
.j T he Illlplication is tes ted with time series data for the post \\ar Uni ted Stales (sec Hall , 1978). 
5 (Mankiw, 2009:456) documen ts the idca as this hypoth eSIS call be said differently as consllmpt ion reflects 
"s urprises" about the life lime incomc. 
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th ulll b· 6 bchavior on the part of some consumcrs. This implics predic tab le changes III 

income Icad to a predictabl e changes in consum pti on . 

The bas ic difference between Keynesian and post-Keynes ian theory is the issue of 

scnsiti vity and smoothing. In Keynes ian consumption funct ion, current consumption is 

sensiti ve to change in current income; whereas in post-Keynes ians, Euler consumpti on 

functions is implemented to smooth entire life time consumption assuming ava ilable 

liqui dit'·. In other wo rds, AIH does not take expectation into cons ideration thus no more 

inte r- tempora l deci sion by households; whereas post-Keynesian theories do. When inter­

temporal decis ion is conside red in the short run MPC is less than what Keynes has 

suggested and nea r unit y in the long run. Consequent ly if the short r,lil MPC is low, then 

multiplier effect of changes in government expenditure will be small (Agenor and Montel, 

2008, p. 62-64). Bayer & MC Morrow explained this consequence as- in the contex t of the 

overal l macroeconomic debate and Friedman 's PIH can be interpreted as a d irect assault on 

the effi cacy of Keynesian short term demand management po li cies (Bayer & MC Morrow 

,1999) . 

Agenor and Montel (2008) surveyed literatures on theory of consumption behavior related 

to developing counties. In their study, income decomposition (as permanent and transitory) 

matters, that is propensity to consume out of permanent income is greater than propensity 

to consume out of current income which is consistent with theory of consumption 

smooth in g. However, neither e lasti city of consumption with respect to permanent income 

fo und to be unity, nor elasti city of consLlmption with respect to transitory income equa ls 

zero. This evidence supports stri ct PIH is not supported by the data of developing 

countri es. If househo ld' s behavior is consi stent with consumption smoothing, the 

application of thi s theory to developing countries rai ses four major issues. These are: (I) 

Can househo lds effectively smooth there consumption? (2) I f households are able to 

smooth consLlmption over time, can they choose effect ive length of planning hori zons? (3) 

What is the effect of interest rates on the level of current consumption, and groll'lh of 

consumpti on since theory makes no pred icti on ? (4) What is the effect of fi sca l po li cy on 

private consumption? (Ibid p.66 - 74). 

6 Consumers consuming thei r cu rrent income. 
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In pa rti cular, ir current income plays a cent ral role in consumption - in case of rul e-o l~ 

thumb consumer's analysis based on PII-I fo r policy analys is is less reliable than AIH . Thus 

old-fashioned Keynes ian consumpt ion functio n may therefore provide a bette r benchmark 

ror anal yzing fi sca l policy than does the mode l wi th in fini tely- li ved consumers (Campbell 

and Manki w, 1989). 

3.2.1.2 Investment Behavior 

Investment , a determinant fac tor fo r the rate of phys ica l capital accumulati on which in turn 

affects the growth of producti ve capac ity, is a forward looking acti vity with irrevers ible 

aspect and tend to be a volatil e component of aggregate demand (Agenor and Mantel, 

2008, p.74). The major reason behi nd volat ility of investmen t is arguably the uncertainty 

th at surrounds its expected profit ability. In vestment relates goods market wit h the money 

market via interest rate, whi ch is an instrument of monetary policy and it is also used a 

bridge to link impact of fiscal pol icy such as capital tax, tax breaks, and deprec iation 

all owances on out put (see Branson. 1989. p.3 16-332 ; Mankiw 2009, p,467-468). 

The first in vestment theory is explained by neoclass icals. This theory is derived uSing 

microeconomic foundation concept where a firm can maximize its market value by 

adjusting its capital stock to a point where marginal value product of capita l equals the user 

cost of capital (market interest rate) . But it lacks to explain what determines marginal value 

product of capital (Mankiw 2009, p,467 -468 , Romer, 1996). 

The other theory is Keynesian theory of in vestmen t explained by Keynes ( 1936) margi nal 

effi ciency of capital. /n words of Keynes marg inal efficiency of capital is defined as : 

"More precisely, 1 define the marginal efficiency of capital as being equal to 

that rate of discount which would make the present value of the series of 

annuilies given by the returns expected from the capital-asset during its life 

j usl equal 10 its supply price'" (Keynes 1936, p:91). 

Simply it is interpreted as the rate of interest which will disco unt the presen t va lue of the 

projec t to zero. 

7 "Suppl y price is defi ned as a price which wouJdjust induce a manufacturer newly to produce an additional 
lInit of such assets, i.c. what is sometimes ca ll ed its rep/acellleni cost" Keyncs( 1936), p. 91 
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The accc icrator model is identifi cd as a Kcynes ian construct which is primar ih' oIV ing to 

it s widesprcad LI se in econometri call y estimated macroeconomic modcls. In this modc lt he 

firm is assumed to keep a stab le relationship between capital stock it desires to maintain 

the level of out put. A key im pli cati on of thi s model is that investment (change in cap ital 

stock) is dri vcn by change in aggregate demand (Bennett, 1987). 

The standard model of business fi xed in vestment model is neoclass ica l model of Jorgenson 

(1967) which is advanced fro m prev ious neoc lass ical mode l, also named as flexible 

acce lerato r model (MankiIV,2009,p.462). This model examines the benefits and costs to 

fi rms owning capita l goods; and how the level of in vestment, i. e. add iti onal stock of cap ital 

is rel atcd with marginal product of capita l, interest rate and tax rul es afTecti ng investment 

i.e. the real cost of capital depend on the relati ve pri ce of cap ital goods, the rea l in terest 

rate , and the deprec iati on rate. Accordi ng to th is model fi rm's dec ision to in\'est de pends 

on whether marginal product of capital exceeds the cost of capital. The model also assumes 

that if a firm is willing to pay the cost of capital, the financial market will make the fund s 

mailab le (see Mank iw, 2009, p.462-4 71; Romer, 1996,p. 345-3-1 7). 

This model has at least two major failings as a description of actual b~hav io r. First the 

model concern s finns ' demand for capital and it implies that firm s desired capital stocks 

are smooth fun ctions of exogenous variables (J ergonson, 197 1l As a result, a discrete 

change in one of the exogenous variables leads to a di screte change in the desired capital 

stock. The problem wi th thi s implication is that, since the rate of change of the capita l 

stock equals in vestment minus depreciation , a discrete change in the capital stock requ ires 

an infinite rate of in vestment. For the economy as a whole, however, investment is limited 

by the economy's output; thus aggregate investment cannot be infin ite. The second 

problem with the model is that it does not identi fy any mechanism through which 

expectations affect in vestment demand . But in practi ca l terms, expectations about demand 

and costs are key to in vestment dec isions. Firms expand their capi ta l stocks when they 

expect their sales to grow and the cost of capital is low, and they shrin k when they expect 

their sales fall and the cost of capi tal to be hi gh (Romer, 1996, p.347-348). Also in the 

.~ The determinants of the desired leve l of capi ta l may be di\ 'ided into three groups: I )capacity uti liza tion. 
represen ted by the rat io o f output to capacity. th e difference between output and capacity. change in output, 
sait!s less previous peak of sa les, and so on; 2) intern al fin ance, represented by th e now ofin tema l funds, th e 
stoc k of liquid assets, debt capacity, and accru ed tax liabil ity; 3) extern al fin ance, represented by in terest 
rates, rates or return , stock prices, the market value of the firm (Jorgenson, 197 1, p. 11 30). 
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contemporary situati on or deve loping cOllntrics wherc their financ ial mark ct IS 

characteri zcd as high ly "repressed" makes the assumption of absence of liquidity 

constraint e lusive. 

Both Keynes ian and the neo-class ical accelerato r model s di d not consider adjustment cost9 

and the effect of expectation. However, there ex isted an investment theory that overcomes 

these drawbacks namely, q theory mode l of investment. Tobin (1969) proposed that firm 's 

base their investmen t based on the ratio of market va lue insta lled capita l to replacement 

cost of install ed capi tal, which is cal led Tobin's q. Thus a firm increases its capital stock if 

the market value of capital exceeds what it costs to acquire it, and it decreases its capita l 

stock if the market value of the capita l is less than replacement cost (See Branson, 1989; 

Romer, 1996; i'vIankiw, 2009 ). 

In practica l terms, marginal q- the ratio of the market value of a margina l uni t of capi tal to 

its replacement cost gives relevant in fo rmation to charac teri ze investment behavior than 

ave rage q. Marginal q is like ly to be harder to measure than average q-t he rat io of the total 

value of the fi rm to the replacement cost of its total capital stock. If the fi rm is a pr ice-taker 

with constant returns to sca le in both product ion and install ation, then marginal q is equa l 

to average q. I f a firm is a price-maker then average q is higher than marg ina l q by what is 

legitimately ca ll ed the monopo ly rent. Thus it is im portant to know how marginal q and 

average q are related (Hayashi , 1982). 

Howeve r, Blejer and Khan (1984) argue there is big gap in standa rd investment theories of 

developed nat ions so as to direct ly apply fo r developing cou ntries. The ma in ones are 

instituti onal and structural fac tors that are present in most deve loping countri es-such as the 

absence of we ll -functi oning fin ancial markets, the re lati ve ly larger ro le of the gove rn ment 

in cap ital formatio n, d istort ions created by fore ign exchange constra ints and other market 

imperfect ions. Thus, the assumpt ions underl ying in the standard opti mizing in vestment 

models lypical! y are not sat is fi ed in deve loping count ri es; secondl y even if the sta ndard 

mode ls cou ld be d irectly adapted to deve lopi ng countri es, severe da ta constra ints arise 

'J Romer ( 1996) c iting MU5sa( 1977) ,the adjustment costs come in two forms. interna l and external. Internal 

adj ustment costs 3r ise w hen firm s facc direct costs o f changing their capi tal stocks. Exa mples of such costs 
are th e costs of installing the new capi tal and training workers to operate the ncw machines. Ex tl:rnal 
adj ustment costs ari se when each finn , as in our baseline model , faces a perfectl) clasti c supply of capital , 
but where the pri ce o f capital goods relative to other goods adju sts so that firm s do not w ish to invest or 
di sinvest at infinite rJtes ( Romer 1996,1'.348). 
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whcn attempts are made to implcmcnt thcm cmpirically. For cxample, data on va ri ables 

such as the stock of capita l, the labor force, and wages simply do not ex ist for most 

developing countries and in the absence of in formation on rea l financi ng rates (debt and 

equity). it is not poss ible to ca lculate easi ly the service price or user cost of cap ital (B lejer 

and Khan, 1984). 

3.2.1.3 Gove rnment Secto r 

One of the key dividing issues between Keynesians and Classica l economists is their 

altitudc on the ab il it y and necess ity of ro le of government in the operation of the economic 

process. Classica l economists strongly believe that government has the ability to innuence 

the outcome of the econom y but should not intervene the econom ic process; whereas 

Keynes ian 's strongl y urge government has both capacity and commitment to reconc il e the 

economic process us ing countercycl ica l policy (I-I eijdra and van der Ploeg, 2002, p.18-26). 

Keynes ians argued federa l budget should be a ll ocated to increase aggregate demand 

consistent with the full-cmplovment rate of output. But the nell' classica l econom ists 

be li eve there are strong forces pushing a market economy towa rds full-employment 

equilibrium and apply ing macroeconomic po li cy has noth ing to add for stabi li zing the 

economy. In short, mac roeconomic pol icies are ineffecti ve (Ibid). 

In the case of deve loping count ries, the role of government is very high compared to 

developed economi es. What in terests in government modelling is its budget deficit status 

and how it finances. To mode l gove rnment sector, we need the government budget 

constraint. Consideration of the macroeconomics of government budget constraint points 

to the dangers that ari se from excessive budget defi cits: innat ion, exchange cr ises, ex ternal 

debt cri ses, and high real interest rates, with im plications for real exchange rate, external 

trade account and investment (Fischer and Easte rl y, 1990). 

These different consequences in the macro economy resu lt from the way how government 

finances the budget defic its. If the option of financ ing is through printing money it is 

associated with innat ion; by ru nning down the fo reign exchange leads to the exchange rate 

cr isis; by borrowi ng from abroad brin gs exchange rate crises; and borrowing domes t i c all~ 

creates a "credit squ.eeze" through hi gher interest rates that resulted from competition " 'ith 

private sec tor which passes to each componcnt of the aggregate demand (see Fischer and 

Easterly, 1990 ; Easterly and Sc hmidt -I-Iebbel, 1994 ). 
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In relation to consumpti on ex pendi tu re, Fischer and Easterl y ( 1990) and Easte rl y and 

Schmidt -Hebbel ( 1994) citing the work or Baro ( 1974) on Ri cardian eq ui va lence result, 

whi ch states the effect of defici ts and taxes are equ ivalent on consumpti on was argued by 

cit ing (Haq ue and Momiel , 1989; Corbo and Schmidt-Hebbel,199 1) that the hypothes is 

does not hold fo r the case of deve loping countries(Jbid). 

The re lat ionship between Pub lic investment and private investment sti ll remain an 

empiri cal question . In order to see how government affects d ifferent ac tors of the market 

and even the markets themse lves, government expendit ure and revenue have to be checkcd 

very close ly. 

3.2.1 .4 E xter na l Sector 

In ternational trade is the bridge that li nks the domesti c economy with the rest of the wo rld . 

And this can be eas il y traced using re lationships established using the ba lance of payment. 

The well establi shed theoretical models related to the ba lance of payment include 

elastic ity, abso rption, Mundell - Flemmi ng and monetary approach. 

Elasti city ap proach is concerned to answer when will deva luati on (in the case of fixed 

exchange rate) or deprec iati on (in the case of float ing exchange rate) compensate for price 

distortion in international trade, which are assumed to be the major cause of the va lue of 

import exceeding export. Marshall -Learner condition (o r Marshal-Leamer-Robinson) is the 

main theory of elastic ity approach to the balance of paymen t where level of analys is is 

given using partial equi lib rium frame work of export and import markets. Th is theory 

states that rea l deva luation (o r rea l deprec iation) of currency improves trade ba lance if the 

sum of elastic ities ( in abso lute value) of demand for import and export with respect to rea l 

exchange rate is greater than one. If the sum of these elas ti cicites is less than one, then 

devaluation is followed by current account deterioration (Johnson, 1977). 

In empirical analys is, the distincti on between the lo ng and the short run ana lysis is decis ive 

which leads to a J-curve effect, i. e. real deva luation (depreciat ion) will wo rsen the curren t 

account balance in the short run , but will improve in the long run give n Marshall- Learner 

cond iti on is sat isfied. However the mode l has been critic ized since it lacks the general 

equ ilibri um [aunda ti on: and it ignores the elreet of devaluation may have on the domestic 

pri ce le ve l and domes tic nom ina l wage fo rmation (see Johnson, 1977; Dh liwayo, 1996). 
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Absorption approach of balance of payment has come as a theory by criticiz ing the 

drawback of elasticity approach. The absorption approach views the balance of trade li'om 

the po in t of national income accounti ng, i.e. current account balance is the di fference 

between national income to absorption. The main argument suggested is favorable 

configurat ion of price elasticities may not be suffi cient to produce a pos itive ba lance of 

payments effect resulting fro m devaluation , if deva luation does not succeed in reduci ng 

domestic absorption. Dhliwayo( 1996) ci ting the ori gi nal papers on absorption approach to 

BOP by Machlup ( 1943) and Alexander ( 1952), has explained the ma in argument of the 

theory. Devaluat ion increases the domesti c income relati ve to domest ic absorption and 

hence curren t accou nt balance improve given the margina l propensity to absorb is less than 

unity; otherwise foreign ba lance is not improving except through the di rect effects. But 

when marg inal propensi ty to absorption is greater than one, wh ich imp lies the economy is 

at ful l employment ; devaluation wil l improve the ba lance of payments through the direct 

effect on absorpt ion - the expenditure red ucing effect of deva luation. This expendi ture 

reducing effec t occurs through three channe ls, namely, the real cash ba lance , income 

redistribu tion and money illusion effects 10 (Ibid). 

Mundell - Flemming model is the most widely used Keynesians Model. It got its 

Keynesian nature from the early works of Mundel (1960, 1961a and b, 1963) and 

Flem mi ng ( 1962) (Boughton, 2003 ; Snowdon and Vane, 2005 11
). These models were 

developed in an open market contex t. Mundell's paper had in troduced "princip le of 

effect ive market class ification"- which ex plains that a po li cy instrument should be 

ass igned to the target over which it has the strongest (re lati ve) influence. To answer thi s 

question, he has developed a model that consists of goods and services and foreign 

exchange market; also us ing the model he has deve loped the dynamic adjustment of 

interna l and external ba lance in response to monetary shocks. Whether monetary (that is, 

interest rate) po li cy should be directed towards inte rnal or ex ternal ba lance was shown to 

depend on whether the exchange rate is fl oati ng or fixed. And he suggested monetary and 

fiscal po li cies are both more effective for resto ring interna l balance under flexib le than 

fixed exchange rates, but the advantage for monctary pol icies is greater; and in an extreme 

10 Details all how the three channels red uce expenditure is exp lained in detail in Dhliwayo, 1996, P. 5 and 6 
11 In their reference they hcwc considered 1963 article of Mundel l sec p. 123- 134 . 
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case with pcrli.:ct cap ital mobilit y. fiscal po licy lV ill be ineffec ti ve for restoring internal 

balancc(BoughtotJ. 2003). 

Fleming ( 1962) focused on examini ng the consequences of a country's choice of exchange 

regime on the effec tiveness of fi scal and monetary policies for regulat ing domestic output. 

He argued that monetary policy is more effect ive under floating exchange rates, both in 

absolute terms and relative to a fi scal policy action of a given size. He also sholVed the 

effect of floating on the effecti veness of fi scal policy measured as an autonomous change 

in domestic spend ing with a fixed stock of money lVas ambiguous (Ibid). 

By joining these tlVO independent models 's whi ch emphasize on ex terna l and domestic 

markets brings the fu ll Munde ll- Fl emm ing model. 

The monetary approach to the ba lance of payment is influenced by Johnson ( 1972a) and 

Frenkel and Johnson (1976)(Snowdon andVane,2005 p.188). This app roach argues balance 

of payments is a monetary not a real phenomena i.e. ba lance of payment is the change in 

the monetary base less the change in the domestic component (Johnson, 1977, Ardalan, 

2004, Snowdon and Vane (2005), p. 187-192). Following the work of Jonson (1972) as a 

monetary to balance of payment approach the model developed assumes rea l income is 

fixed at its full employment or natural level, the law of one price holds in both commodity 

and financial markets, illld both the domesti c price leve l and interest rate are pegged to 

world levels (Ibid). 

Arda lan (2004) explains Johnson (1972) and Hume (1752) monetary approach is s imilar 

except their departure on abso lu te, rather than relative price leve l consideration of Johnson 

(1972) . In Hume ( 1752), the domest ic price level can vary from purchas ing power parity 

due to stock di sequilibrium in the domestic money market. Such a vari ation in relative 

price leve ls gives ri se to changes in trade fl ows which affect the balance of payments, and 

hence the domestic money stock in the long run. The monetary approach, on the other 

hand, often rei ies on the excess demand for money to direcrly affect {he overall balance 

rather than via a change in relative pr ice levels. It should be pointed ou t that both the 

!-Iumean adjustment process and the monetary app roach ha\ 'c the same implications with 

respect to the price level in the long run (A rdalan, 2004). 

The policy implications of the monetary approach under fix ed exchange rates includes fi rst 

there is an automat ic adj ustment i.e. monetary approach predicts there is au tomat ic 
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adjustment mechanism that operates, wit hou t discretionary government po li cy, to correct 

balance of payments d isequ ilibria and rollowing thi s the power 01' expend iture switching 

polic ies will onl y tem porarily improve the ba lance of payments if they induce an increase 

in the demand for money by raising domestic prices. Secondly, in the case of a small 

country main taini ng a fixed exchange rate with the rest of the world, the country's money 

supply becomes an endogenous variab le hence the power of monetary policy will be 

completely impotent to influence any va ri able, other than forei gn exchange reserves, in the 

long run. Thirdly, in fla ti on is viewed as an international moneta ry phenomenon wh ich can 

be expla ined by an excess-demand expectations model because excess demand depends on 

world, rather than domestic monetary expansion (Johnson, 1977; Snowdon and Vane, 

2005, p.189- 192). 

3.2.2 Theoret ica l model of Monetary Sector 

"Money is just one of many commod ities" (McCallum, 1989, p.3), hav ing three mall1 

fun ctions: medium ofexchang~, unit of account and store of va lue (McCallum, 1989, p.16-

18). 12This shows the relat ionship between money and economic acti vity is closely 

related lJ Like other sectors of the economy there are different arguments among different 

schools of thought concerning theory of money demand. In thi s section emphasis is given 

onl y to major theories of money demand that include: quantity theory of money, Liquidity 

Preference, and modern quantity theory of money in relation to funct ions of money. 

Us ing quantity theory of money we get two versions of thought : Class ica l' s Fi sher ( 191 1) 

and neoclassica l's Pigou ( 19 17) approach . According to Fisher (191 1) com monl y named as 

"equation of exchange" relates the quantity of mo ney in circulation (Ms) to the vo lume of 

transactions ('I') and the pr ice level of articles traded in a given period (P-r) through a 

proport ional ity facto r ca ll ed the "transact ions ve locity of circulat ion" (VT), which measu res 

the average number of times a unit of money is employed in carryi ng out transactions in 

the given period which can be mathematical ly given as: MsVT.= PTT. Th is theory implies 

money is held simpl y to facilitate transactions and it does not have any intrinsic util ity. In 

class ical model velocity of money and volu me of transacti on are assumed to be constant 

t2 There are some lit~mlllrC5 Ih~H add Source of deferred payment as a fourth fUllctions (see Sn rarn. 
1999c) 
1) " • • money is th e drink which stimulates the system to activity" KCYllcs( 1936), p. J 12 
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and hence the equil ibriu m price leve l moves in stri ct proport ion to the quantity of money, 

tha t is, money is "neutral" (Sriram, 199ge). 

The other approach, Cambridge approach or cash balance app roach is pri marily associated 

wit h the neoc lass ical i' igou (19 17). This approach has similarities with that of Fisher 

(19 1 I) but there are th ree bas ic differences. Fi rst emphas is is made on indi vidual's choice 

rather than on market equi libria. Second, money is held not only as a medi um of exchange 

as in Fi she r's case, but also as a store of va lue that provides sat isfact ion to it s holder by 

adding convenience and security. And third , it po inted out the ro le of wea lth and the 

interest rat e in determining the demand fo r money. Unlike Fisher's formu lation, the 

veloc ity is termed as the "income veloc ity of circulat ion" determined by technologica l and 

instit utiona l factors and is ass umed to be stab le (Ibid). 

The second theory, Liqu id ity prefe rence, d iscusses the th ree moti ves for money demand. 

With the words of Keynes these are: 

(ij Ihe Iransaclions-lIIolive, i.e. Ihe need of cash for Ihe currenl Iransaclion of 

personal and business exchanges; (ii) Ihe precaulionw y-molive, i.e. Ihe desire for 

securily as 10 Ihe f uilire cash equivalent of a certain proporlion of 100ai resources; 

and (iii) Ihe speculalive-motive, i.e. Ihe object of securing profit f rom knowing 

beller Ihan lhe market what the fUlure will bringforlh (Keynes, 1936, p.l l l ) . 

In other words, transaction and precautionary moti ves of money demand are fo r mediu m of 

exchange though the latter is for caut ion aga inst unexpected needs. And the speculati ve 

motive for holding money is related to store of wea lth, and the amount of money holding is 

sensitive for fu tu re levels of in terest rate, to be spec i fi c the future yield on bonds. Hence 

Keynes's money demand theory incorporates interest rate fo rmally as determinant fo r 

money demand compared to his predecessors. He has al so theo ri zed money demand 

depends posit ive ly on the level of income and negatively with interest rate. The major 

implicat ion of the Keynesian analys is is that when interest rate is very low, everyone in the 

economy expects it wil l increase in the fu ture. And hence they prefer to hold money 

whatever is supplied. At thi s stage, aggregate de mand for money becomes perfectly elastic 

with respect to the interest rate. The economy gets into a situation call ed "liquidily lrap" 

th at is interest elasticity of money demand can be in finite at low levels of interest rate 

(Keynes , 1936; Sri ram, I 99ge). 
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Other approaches or money demand had evolved relay ing on di fferelll characte ristics of 

money after Keynes's 1V0rk. The moti ve for holding money has lead to the formulati on of 

differe nt theo ri es, lo r instance the medillill of exchange func ti on leads to transactions 

models of IVh ich invento ry models aSSu me level of transactions to be known and ce rtain; 

the precalliiol/Clly demand models treat net in flows as uncertain ; and store-of-value 

func tion gives ri se to asset or portfo li o mode ls where money is held as part of the port fo li o 

or assets or the ind ividua ls (Ibid). 

Another approach which di ffers from the prev ious theo ri es is the consumer demand theory 

approach or the modern quantity theory of money. This theory is developed foll owing 

Freidman's (1956) argument on demand for assets should be based on axioms of consumer 

choice, and by treating money like any other asset yielding a flow of se rv ices and usi ng a 

broad measure of wea lth (human and non-hu man) as the appropr iate budget constra in t. 

Freidman's theory differs from Keynes in three main aspects. First he suggested a broad 

range of opportu ni ty cos t variab les thus changes in in terest rates should have little effect on 

the demand for money as the differentials of expected returns between alternati ve asse ts 

and money remain rel ati vely stable . Second money is considered like an asset and the 

opportunity cost of holding money is expected rate of inflation, which is a proxy fo r yie ld 

on rea l goods. Third pe rmanent income is the key determinant of money demand as money 

demand is not very sensiti ve to the changes in differentials of expected rates of alternative 

assets and money (Ibid). 

As a summary, though there are di verse theo ri es that diffe r in ass igning the ro le of money 

by emphas izing on transactions, speculati ve, precautionary or utility, all of them share 

com mon important elements (variab les) among almost all approaches. A general 

specificati on for money demand function in the long term demand for money expressed by 

demand for rea l balances(the ratio of selecled nominal monetary aggregate to price leve l) 

is a functi on of the chosen sca le variab le i.e. to represent the econom ic ac tiv ity and the 

opportu nity cost of holding money (S ri ra m , 200 I). 
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3.2.3 T heo reti ca l 1lI 0dei of Agg regate Supp ly 

Theoretical underpi nn ings on determi nants and functiona l form expla in ing aggregate 

supply needs special ca re due to its contentious nature. By defin ition aggregate supply is 

explai ned by prod uction fu nction that maps aggregate inputs in to aggrega te out put. But 

what matters is what does "mapping aggregate inpu ts into aggregate outpu t" exactly means 

(Fe lipe and Fisher, 2003). Aggregate supply is deri ved by re lying on microeconomi c 

fo undation 01' firm level agg rega te production functi on. However, some li teratu res like 

(Fe lipe and Fisher, 2003) and (Fe li pe and McCombie, 20 I 0) argue there is a serious 

problem to use aggregate supply at macro level due to aggregation problem and concluded 

aggregate production fu nctions do not exist at macro level except in un li ke ly spec ial cases, 

and in fen'ed any economic theory that makes use of thi s concept and app lying econometric 

estimat ion has no scient ific va lue. But, Romer (1987) argued though producti on functi on is 

theoret ically microeconomics concept empiri ca l evidence provided to have a tendency of 

macro. Also, Temple (2006) has shown the existence of production function using value 

added approach as an out set"; and po in ted what arg uments to use as inputs. He also added 

identifying func tional form should be the focus on empirical esti mation. 

To truck different objecti ves the main criter ia to choose functional forms depends on the 

di ffe rent criteria. To el icit some of them, fi rst the fu nctional form should be parsimony in 

pa rameter, i.e. excess parameter exacerbates problems of mul tico ll ineari ty so the 

functi onal form should contain no more pa rameters than that are necessary.15 Second ly, 

ease of interpretation, i.e. excess ively complex or parameter reach functional forms may 

contain im plausible imp li cation, th us the functional form chosen should have to contain 

parameters that are important and does have intuitive economic interpretation. Third ly, it 

should be computational ease; i.e. the functional fo rm can have linear or non li near forms 

but th is is directly re lated to the tradeoff between the computational requ irement and of the 

form to be app lied. The other two criter ia are re lated to the mode l developed - the 

1-1 For the proor see(Tcmplc,2005) 
15The objec ti ve of most production stud ies is to analyze the income shares of factors of production especially 
on th e aggregate shares of cap ital and labour; 10 check whether th e existence of constan t returns to scale or 
the presence of decreasing or increasi ng scale of returns: the degree of substilUtabilily of factors of 
production; the decomposition o f production relati onships into nested or additive components, i.e. issues of 
scp<Jrability : and th e modification of the technological structure over timc- techn ical progress(Fuss et ai, 
2005). 
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intcrpo lativc and ext rapo lative robustness. The in terpolat ive robustness checks "hether the 

producti on functi on is consistent with in the range of observed data; and the ext ra po lati ve 

robustness checks the compatibility outside of the range of observed data. This behavior is 

ve ry important in case of forecasting (Fuss el al 2005, p. 2 19-268). 

To explain behav ior of producti on fu nction there are severa l types of functional forms that 

are proposed but the commonest are Cobb-Douglas and constant elasti city of substitution 

(CES) producti on functions. Cobb-Douglas type of production func tion is chosen from 

others types because of its sim plicity for estimation relative to others; and the pa rameters 

estimated (fac tor shares) are constant. This functional form restricts the elas ti city of 

substitutions among factors of producti on (capital and labour) is always unity; and 

techni ca l deve lopment is Hicks-Neutral and the returns to scale are constant. To improve 

the res tri cti on of elastic ity of substitution, cons tant elastic ity of subst itution is introd uced 

(Fuss el ai, 2005).'6 

In macroeconomic models, aggregate demand and aggregate suppl y interact to dete rmine 

the short-run performance of the economy, but when it comes to the long-run analysi s of 

econom ic growth , aggregate demand usuall y makes its ex it and aggregate suppl y rules the 

roost (Dutt, 2006). So the model that is going to be deve loped will treat the two sides of the 

economy. 

3.2.4 T heo rctical model of Labor Market, Wage and Price 

This sector has a strong link with other sectors of the economy. If lYe take labor market , it 

is related 10 suppl y side; price sector affects goods market i.e. demand side of the econom y 

direct ly, and in relation to external sector via the price of import and export of 

commoditi es and it al so interacts to the monetary sector 100. 

Th e common traditional theories related to modell ing th is framework are of two types. The 

monetar ist inflat ion theory and wage price mechanism or the Ph illi ps curve. The 

monetari st inflation theory emphas izes monetary va riab les are the causes for the swinging 

of pri ce i.e. an increase in money suppl y transmits to the real sector vi a a change in price 

leve l. In Phill ips curve the transmi ss ion mechan ism is through cxcess demand 111 labor 

marke t which determines the unemp loymem rate and fi na ll y affec ting price. Another one is 

1(. Sec Fuss el (I/(2005) "A Survey of Fu nctIonal forms In {he Economi c AnaJy<;;s or Producti on" p219-

268 
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a structu ral model of in fl ation which stresses the source of pri ce instab ilit \' is due to mnrket 

mechanism, A number of theories postu lated to explain determinants of infl ation are 

discussed in detail with their stre ngth and weakness in (F risch, 1990, for a survey), 

The deve lopment of conte mporary inflat ion theory was 

deve lopment of the Phillips (1958) mode l, form ali zed by Lips 

Iy influenced by the 

\ 1960), who deri ved the 

Phil lips curve from a supply and de mand system of a s ingle labor market wi th theoret ica l 

ex planation unlike Ph illi ps ' s empirical basis , The main idea of Phill ips-Lipsey mod el is 

that wage inflation is explained by excess demand in the labor ma rket, whereby the rate "f 

unemployment is interpreted as an indicato r of the level of excess demand, Philli ps-Lipsey 

model be li efs a sta bl e relat ionshi p Phi lli ps curve ex ists (Fri sch, 1990), 

However, empirical refutation on the shape of Ph il li "c has brought Friedman(I968) 

and Phelps ( 1967) nat1lral rate of hypothesis whi ch l1lakes a distincti on between the sho rt­

run and long-run Phillips curves based on the ' natural rate' of unemployment: According 

to Fr iedman and Phelps, short-ru n Phil li ps curve has a negati ve sloped relat ionship 

between the rate of inAati on and the rate of unemployment, with inflati onary expectations 

being constant; but the long-run Phillips curve is a vert ica l line at some unemployment rate 

ca lled the "natural" rate of unempl oyment. Also thi s rate is consistent wit~ any rate of 

inflation provided that it is fu ll y anticipated, In the ir hypothesis an adaptive expectations 

adjustment mechanism leads to a gradua l rev ision of in fla ti onary expectations, The 

increase in the expected rate of inflation leads to an upward shi ft of the short run Philli ps 

curve, This hypothesis restricts the scope of monetary and fi sca l po licy considerabl y, but a 

systemati c exploitat ion of the short-run Phil li ps curve by econom ic po li cy remains poss ible 

(Frisch, 1990), 

Natural rate hypothes is was later chall enged by Lucas ( 1973) and Sargent and Wa ll ace 

(1975),who argued that natural rate is inconsisten t with the concept of adaptive 

expectations since economic agents usua ll y have biased ex pecta ti ons, but rat ional 

ex pectati ons are more representati ve of agents behav ior than the adaptive expectations 

embodied in the natu ral rate model (Fri sc h, 1990), 

Blanchard and Summers ( 1988) postulated hysteres is hypothes is wh ich argues non­

acccle ra ti ng inflation rate of unemplo\'l11ent (NA IR U) is a function of actual employmcnt. 

34 



Ilowever. Ihe expeclations-augmenled Ph illips curve rcmains a dominant theory in 

mai nstream macroeconomi c ana lys is (Blanchard and Summers, 1988 ). 

The second theory of inflation, monetarist theo ry of infl ation , argues in fl ati on is sole ly a 

mone tan phenomenon. This theory is based on fo ur propos iti ons. Fi rst the economic 

system is inhe rentl y stable and hence it returns automati call y to full -employment 

eq uilibri um afte r a disturbance. Secondly, any rate of growih of money supp ly is 

compatible with full-employment equi li brium. Altho ugh different rates of in flation result , 

which means the quant ity theory of money ho ld s true by considering output and ve loc ity of 

money is give n, money suppl y adju sts the leve l of pri ce. Thirdly, a change in the rate of 

growt h of the mone'· supply has a transitory effect on the leve l of out put in short run 

dynamics but a permanent increase in the [rend rate of inflation. And at last, activi st 

de mand management and compensatory counte rcyc li cal policy are considered as a source 

of instability (F risch, 1990). 

·But with in moneta rist's closed economy in flation model, there is no consensus on the third 

propos ition exp lained above. Because of this there are two main classes as Monetarism I 

and Monetarism II. Monetarism I rests on the di stinction between the short-run and the 

long-run Phi llips curves; for monetar ism" not even a short-run Ph illi ps cu rve ex ists. So 

the main difference between the two schools is that monetarism I allows for short-ru n 

adjustment processes in which the commodity and labor markets may not be in 

equ ilibrium, whereas monetarism II assumes that there is not just a tendency toward long­

run equilibr iu m bu t a continuous seq uence of equilibria. Accord ing to monetarism I, as 

lo ng as the expectations adjustment process is not terminated, the rate of unemployment 

and output deviate fro m their "natural" levels but to moneta rism II systemati c monetary 

po li cy does not matter' 7; i.e . it does not affect rea l variables such as the rate of 

unemplo ,·ment or output. But to the rat ional expectations approach, monetary policy has 

rea l effects caused by the unpredictable cOlllponent orthe money su pply hence they will be 

in congruent wi th that of Monetari sm II (Fri sch, 1990). 

Another approach of monetarist theory is the open econolllY vers ion. Thi s approach has 

been deve loped foll owing the balance-o f payments theory, wh ich \vas pri ncipally 

17 A change in the rate of growth of the money suppl~ can be divided into a systematic part (correctly 
an tici pated by the agents) and an unexpected "surpri se" part. A change in the systematic part increases the 
expected rate of inflation and simultaneou sly the actuJI rate of infl ati on. 
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developed by Mundell ( 197 1) and Johnson (1972b). Their study foc uses on the model ofa 

small. open economy th at is linked to the world economy through the balance of payments. 

In con trast to the monetari st theory of the closed economy, thi s model stresses that an 

increase in the domest ic money suppl y does not raise the domesti c rate of infl at ion but 

leads to deteriorati on in the balance of payments (current account balance). However, the 

moneta ry approac h supe rsedes the model of the single economy and sketches a theory of 

wo rld in flat ion, according to which changes in the world price leve l depend on changes in 

the \\"Or ld money supply (Fr isch, 1990). 

Structural model of inflation , unlike Phillips cu rve model and the monetari st theory of 

inflation attempts to explain the long-run trend of ri sing price leve ls. Structural models 

propose the long- run infl ati onary tendency is traced to the interactio n of four factors, 

which are partl y techno logica l and partl y behav ioral tha t const ri ct the operati on of the 

market mechanism. These factors are differences in product ivity in the industrial and 

service sectors, a uni fo rm rate of growth of money wages in sectors, di fferent price and 

income elasti c ities lor the output of the industri a l and serv ice sectors, limited fl ex ibility of 

prices and wages; that is, wages and pFices are rigid in a downward direction. 

"Structural" models are characterized by the assumpti on that economic acti vity can be 

aggregated into two sectors; a "progress ive" (industri al) sector and a "conservati ve" 

(service) sector. Given different rates of producti vity growth in the industrial and service 

sectors, a uniform rate of growth of money wages throughout the economy must lead to 

permanent cost pressures in the service sector, which is assumed to have the lower 

produc tivity growth . Because firm s in thi s sector use the markup pric ing rule (a fixed profit 

margin imposed on ri sing unit labor costs), thi s cost pressure creates cost-push inflation for 

the economy as a whole. Structural infl at ion, therefore, implies a change in the re lative 

suppl y prices of the two sectors. The suppl y price of the service sector ri ses relati ve to the 

supply pri ce of the industrial sector. Finall y, in sim ple terms, this type of inflation assumes 

small pri ce elas ti cit y but a large income elasticity of demand for the outpu t of the service 

sector (Fri sch, 1990). 

The Scandinav ian mode l of inflation is constructed from Aukrust (1977) ,md the team of 

Edgren. Faxen, and Odh ner (EFO) ( 1973), fo rmulated an infl ation model for a small , open 

economy, in which they linked the fu ndamental pr inciples of the structu ral model with the 
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small-country assumption . The model is aggregated as export and import good s into an 

"cxposed" sector and nontraded goods into a "sheltered" sector that operates under fixed 

exchange rate reg ime. IS More precise ly, the "exposed" sector incl udes all those goods (and 

services) subject to international competition, whe reas the sheltered sector represents those 

goods and serv ices completely protected from international competi tion. 

In the Scandinavian model the exposed and shel tered sectors differ through speci fi c 

assumptions about technical progress and the price behavior of suppliers. First , it is 

assumed that tech nica l progress is biased toward the exposed sector, where labor 

productiv ity expands at a faster rate than in the sheltered sector. Thus the rate of change in 

labor prod uct ivity in the exposed sector exceeds sheltered sector. The di ffe rences in the 

degree of market compet ition lead to different pr icing strategies by firms in each of the two 

sectors . In the exposed sector firms are pure price takers in accordance with the model of 

pure competi tion; they adjust the quantities they prod uce to the given, fi xed wor ld ma rket 

price. Whereas wo rl d market conditions determine product prices in the exposed sector (or 

the rate of increases in pr ices in the exposed sector), finns in the sheltered sector form 

prices on the basis of total costs. Specifica ll y, we assume that pri ces in the sheltered sector 

reflect un it labor costs and a fi xed pro fi t margin or markup. In contrast to the exposed 

sector, pri ces in the sheltered sector change when uni t labor costs change. Therefore, prices 

in the exposed sector are determined in the world market, whereas pr ices in the she ltered 

sector are determined through the deve lopment of domestic costs (Frisch, 1990). 

3.3 EMPERlCAL LITERATURE OF DEVELOPING COUNTRlES 

So as to deve lop a macro-econometri cs model that does re fl ec t the working of a deve loping 

country's economy a related empirica l literature survey has pa ramount importance, a la 

with such idea mode ls for deve lopi ng countri es are sum marized. Models of recent pe ri od 

are in vest igated and block by block summary is given fo r models done in the case of 

Africa. In addition to this some developing countries other than Africa are also 

sum ma ri zed spec ially those peculiar characteristics. And finally, models constructed to the 

case of Ethiopia lVill be discussed. 

16 The di vision IS following Bela Balassa ( 1964) model of an open economy wi th two sectors: the 
progress ive sector. which produces traded goods, and the stalic sector, which makes non-traded goods. (See 
Fri sch. 1990 , p. 163 ) 
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3.3.1 IVI acroeconol11ctries Modelling In Africa 

iVlusila and Rao (2002) deve loped a macroeconomct ri cs model lor Kenyan economy. Thci r 

main objecti ve is to ma ke dec ision by tes ting sensitivity of difTerent macroeconomic 

variables for differe nt policies includin g fi sca l, monetary and exchange rate policy. The 

model contai ns fo ur blocks: producti on, expend itu re, monetary and price blocks. The 

model contains thirty two equations of which 20 are stochastic eq uati ons and the remaining 

12 equations are accounting ident iti es which close the mode l. 

Production block is further di saggregated into five sec tors: resource sector (comprising of 

agri culture, forestry, fi shing, minin g and quarrying), man ufacturing, construction , 

government se rvices and other sector. To model each of these sectors input-output 

formu lat ion wh ich gives a relationship between the va lue added and final demand 

consumers is used. To specify each of the sectors their main role is identified using the 

input-output tab le. Resource sector is identified so as to sati sfy the domestic demand and 

export demand ; thus value added is spec ifi ed as a function of real consumption and export 

of goods. All but construction, which is specified by in vestment expend iture in 

construction and land improvement, are speci fied like the resource sector. 

The expenditure sector consists of consumption, investment, government and net export. 

Rea l consumpt ion is specified as a fun cti on of real di sposable income, interest rate and 

expected inflation which is in line with the Keynesian AIH, but with some adjustment of 

hab it persistence so as to have a good approx imat ion. Government sector is further 

di saggregated into government expenditure and revenue. Current expend iture of 

government is treated as exogenous; whereas revenue from direct tax is ass umed to vary 

directl y with nominal GOP, i.e. in line with the autoll1atic stabilizer hypothesis l 9 The net 

export block includes export and im port of goods and se rvices sector. In thi s block both 

export and import sec tors are further di saggregated into goods and services. Export is 

determined by real world income and the ratio of export price to the price of foreign 

substitutes . Demand for illlPorts depends on country's rea l GOP and on the ratio of import 

price index to price of domestic substitutes. 

1'.1 In an economic boom tax revenue is higher an d in a recession lax revenue is lower; not on ly in absolute 

terlll s but as a proportion of national income 
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i\!oncy suppl, ' is modeled as exogenous; specificall y it is determined \\hen monetary 

au tho rity sets the interest rates. The money demand is split into two components as narrow 

money and time and sav ing deposi ts. The tlVO spitted components are spec ified as a 

func tion of rea l GDP and no minal interest rate. 

Price block has included GDP deflator, consumer price index, export price index and 

import price index as a subset. Consumer pri ce index is considered as a function importe 

price, GDP deflator and rea l money balance. GOP deflator is determ ined by imporl price 

and exogenous variable facto r cost which is a proxy for wage. This implies both GO P 

deflator and consumers price determ ination fo ll ow a mark up over cost approach. The 

export and im port price ind ices are assumed to be determ ined on the world market and 

changes in domes ti c exchange rat e. 

Data spanning from 1970-1995 is used for constructi ng the macroeconometric model. The 

parameters for short run and long run dynami cs were estimated using ordinary least square 

estimator (OLS) which is consistent for coi ntegration analys is. 

Ameyaw(2004)has constructed a small macro-econometric model fo r Ghana ian economy 

to make ana lysis on inflation and BOP issues. To make such analysis the model includes 

price, monetary, and externa l sector block. In the price block commoditi es are class ifi ed as 

tradab le and non-tradable commodi ti es. The tradab le commod iti es are expa lined as a 

fun ction of offic ial exchange rat e, parallel exchange and world pr ice of tradable goods. 

Pri ce fo r non tradable is determined by domestic money market equili brium condition . 

Demand for narrow money (M I) is spec ifi ed by the income level, infl at ion and rate of 

deprec iat ion of the domestic currency in the parallel market. 2o And money demand 

equati on for the time and sav ings deposits is assu med to be a funct ion ofreal GDP, interest 

rate, and the rate of inflat ion. In external sector, export is disaggregated follow ing the 

Ghana 's export traditi on . The export sector is subdivided into export of cocoa, go ld, and 

other exports. The specificati on for export is s imilar to Musila (2002) but there is 

add it ional determ inant para ll el exchange rate. The import equat ion is formu lated as a 

func tion of rea l domest ic income, relati ve pr ice of imporl s. cap ital ava il abi lit y var iable (a 

proxy for FDI or forei gn capital inflows) and essen ti al import s (food and drinks, medici ne, 

: ·1 This way of modeling is also appli ed in the case of Ethiopia by Di ck, Durcvall , Josef, L. Locning, 
Yohallllcs, A. l3 irull " Inn ation Dynamics and Food Pri ces in Ethi opi3 ." where p;millcl c.'(changl! is L1 sed to 
n:prcscl1 ! currency substitut ion in the cOUl11ry. 
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and crude oi l). rinall y the model closes with ba lance of Payment and monn suppl y 

identity, and trade balance definition. 

Matlan yane (2005) modeled Leso tho 's economy by di saggregating the econom y into four 

blocks as rea l, external, government and monetary sectors where each of these blocks are 

further disaggregated in to differen t sectors . 

The rea l sec tor consists of suppl y side, demand side and price bl oc ks. The supply block 

consists of domestic output, demand for private investment, labour demand and rea l wage. 

Domes ti c output is determined lI sing Cobb-Douglas type of production functi on tak ing 

labour, capita l as factor inputs and technica l progress. Labour demand and capita l are 

spec ifi ed stochasticall y; nevertheless techn ica l progress a measure of tec hnica l 

advancement is estimated by a time trend exogenous ly. Pri va te in vest ment is speci fi ed as a 

combinati on of simple acce lerato rs principle and Jargonson's neoclass ica l Oex ible 

acce lerator approach. It is spec ifi ed as a function of rea l output and user cost of capital 

which is determined endogenously. Labour demand is specified using micro founda ti on 

concept of profit max imizing behavior of a firm, and is determined by rea l GDP and real 

wage. 

The demand side of the rea l sector holds private consumption onl y. Its specification 

follows permanent income and life cycle hypothesis. This is based on the notion that 

consumer's access to liquidity. If consumers are li quid ity constrained, consumption 

cho ices is based on disposable income and their rate of time preference and rate of return 

are ident ical; but ['or unconstrained consumers dec ision is based on tota l life time resources 

with marginal propensity to consume flu ctuating over time to acco un t for consumption 

smoothing. In the long run pri vate consumption is spec ified as a funct ion of rea l di sposab le 

income, real broad money to proxy money supply (M3/ 1 to proxy rea l wealth, and the real 

Treasury bi II rate. 

The extern al sector estimates real export and import of goods and servi ces and identities 

describin g maj or accounts in the balance of payment which includes the capita l and 

financial balance, cu rrent account balance, and overall balance of the balance of payment. 

Both export and import functions are specified like Musila and Rao (2002) and Ameyaw 

21 It is de fined as the sum of real nominal rvl2 and government deposit. 
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(2004) in the prcvious models rev iewed above. Exchange rate is given exogenously as the 

count ry's econonw is wo rking unde r a fi xed exchange rate regime. 

The government sector is mode led in order to describe its expenditure, revenue, budget 

fina ncing and debt accumulation. Government expend iture is treated as exogenous 

variab le. And government revenue is disaggregated into five kinds of taxes : individual 

income tax , company tax , other income tax, goods and services tax and other taxes 

stochasti ca lly; and other sources of revenue custom reve nue and non tax revenue 

determ ined exogenous ly. Us ing govern ment revenue and expendi ture as argument the 

di fference from prev ious to the latter is assigned to the budget balance. Govern ment debt is 

di saggregated into five types: tota l govern ment debt, externa l debt, domestic debt, short 

term domes tic debt and long term domes tic debt. The first four are determi ned 

endogenously and the last one is determined exogenously. Domesti c debt is speci fi ed as a 

fun ction of government budget balance and bond interest rate, and exte rn al debt is related 

to the current nom inal current account balance. Total government ·debt . is equated as the 

sum of internal and external debt. And deducting the long term debt fro m the total 

gove rnment debt gives the short term debt. 

Monetary sector is disaggregated to estimate demand for three monetary aggregates, viz, 

currency in circulation, demand deposit and time and sav ing deposits; and nominal 

Treasury bill rate. Money supply is determined exogenous ly and adj usts to money demand . 

Money demand equat ion of currency in circulat ion is specified fo llowing the theory of 

transaction balance approach to money demand by which public hold ing of currency 

re presents the money held for the purpose of effecting transactions; demand depos it is 

spec ified as a function of real nat ional outp ut and the interest rate22 and time and saving 

deposi t rate is specified as a fu nction of real nat ional ou tput and rea l treasury rate. Interest 

rate (nominal Treasu ry bill rate) is specified stochast icall y as a funct ion of rea l national 

output, government budget defic it and consumers pr ice innat ion rate. Monetary sector 

closes by eq uat ing money mult iplier as the rati o of nomina l broad money to reserve mo ney 

as an identi ty. 

The price block comp ri sed four types of prices: producer price, consumer price, export 

pri ce, and import prices like Mus ila and Rao (2002) but equati ons are spec ified differently. 

~: which is the treasury bill rate is taken for estimating interest rate 
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Thc consumer price is modeled as a func ti on of producer pr ice, excess demand and impOrl 

pr ices, IVhil e producers price as a funct ion of capacity of utili zat ion ~3, and the ratio of real 

wage to user cost of capital. Both export and import prices are specified as a function of 

wor ld price and nominal exchange rate but producer price is added as an argument in the 

specifi cation of export equation. 

In general , the model has characteri zed the economy cavernously, and interaction among 

different sector is we ll managed. However, some of the assu mptions are difficult to rellect 

the character isti cs of a develop ing coun try's economy such as the assumption of 

investment as a functi on of real GOP and user cost of capita l alone might create omitted 

variable bias whi ch may have a potential to di sto rt results. For example other factors like 

government investment, availabi lity of credit, and availability of foreign reserve to import 

capital goods wh ich are thought to determ ine private investment in the case of deve loping 

countries had been incl uded in the mode l. Aggregate Supply equation's assumption of 

technical progress using time trend as a proxy is poss ible, but if it had been speci fied with 

factors that determ ine the technical advancement wou ld have been very plausible. In the 

model ing of export and import equat ions, assumption of one com mod ity has been 

considered. But it would have better of imported commod ities were disaggregated further. 

Since most of deve loping countries imported commodities belong to capita l goods, 

in termediate goods or fina l consumpt ion goods and thi s would add more va lue to the 

model. 

The modelin g technique app lies cointegrat ion analysis using Eangle ~ Granger procedure. 

However due to small samp le period employed fo r mode li ng (1980-2000) the author has 

used dummy variables liberall y which is not recommended in macro-econometrics 

modell in g. As the number of dumm y va riables increases it minimi zes forecastin g power of 

the model. 

Akanbi and Ou Toit (20 I 0) constructed macro-econometric model for Nigerian econom y 

havin g real, external , government , and monetary blocks. The main object ive of the model 

is to explain and give suggestion for the pers istent growth~poverty divergence experienced 

by the co untry. To track this objective they come up with two model s by chang ing the 

2) Capacity utilization is defined as the ratio of actua l real GOP at factor cost to the potential GOP at !~H;t or 
cost, where the potential real GDP at factor cost is derived by fining a trend on actu al real GOP using th e 
I-Iodric-Prescott filter. 
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economic environment using closu res (idc ntities and bridge equat ions) fro m the singlc 

frame work. The fir st mode l is identi li ed as a suppl y side oriented i.e. when demand side is 

marginali zed and mak ing the supp ly side of the economy very act ive . On the supply side, 

the presence of structura l constraint, total output (GD P) is spec ified as a fun ction of its 

determinants. The second model is demand side ori ented (suppl y side marginali zed). It is 

generated following the Keynes ian demand identity which makes the demand side to play 

active role in the economy, i.e. assum ing lim ited or no supply constraint in the economy 

and demand management persuades. 

The real sector specifica tion is characteri zed in a similar fashion like that of Matl yana 

(2005), but the arguments cons idered differ. Output specificati on of Akan bi and Du To it 

(20 10) deemed technologica l progress is determined stochastica ll y li ke other factor in puts 

of outpu t - capi tal and labo ur. Technologica l progress is explai ned as a fun ction of 

macroeconomic stability, openness of economy, human resource development and 

financial sector development. Two ou tput functi ons fo r oil and non oil are specifi ed us ing 

Cobb-Douglas production function24 Capac ity utilization, level of political stability are 

among others to affect private investment in addition to the usual total output and user cost 

of capital in the model. 

Exchange rate is spec ified ass umi ng prices are st icky in the short run and explai n the 

prolonged departure of the exchange rate from long-run Purchasing Power Pari ty (PPP) as 

a fu nction of re lative income (ratio of do mesti c GDP to foreign GDP), relati ve money 

supply (rati o of domesti c money supply to foreign money suppl y) and relati ve price (rati o 

of domestic price to forei gn price) with their major trading partners. 

Monetary sector is included to eli cit in fo rmati on on how monetary va ri abl es feed into the 

economy. Money suppl y is assumed to be exogenous whereas money demand is out off 

modelling and viewed only through the inverted demand function, i. e. the nom inal interest 

rate equation. 

In government sector, government expenditure is determined exogenously, and the revenue 

side is not mode led. Aka nbi and Du To it (20 I 0) argued si nce more than 90 percen t of 

:.1 in Saluda (1995) modell ing the SClme economy. aggregate supply equati on is esti mat ed by a Cobb­
Douglas production fun ction using gross private capital stock, publi c capital stock, labour force and time 
trend thai captures the effects of technical change as argu ment. 
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government revenue is generated for the production of oil only and also tax revenue plays 

insign ifi cant role in the economy, tax revenue is not mod li ed in their study . ~5 

The pr ice block IVhich serves as a maj or linkage between the supply-side and aggregate 

demand-side throug h capacity utili zat ion and excess demand is represented in the model 

through producer price and consumer price. Consumers and producer price are specified in 

simi lar fashi on with that of Mat lyana (2005); but consumer price specification added 

exchange rate as addi tional argument. 

The mode ling tech nique of Akanbi and Du Toit (20 I 0) and Matlyana (2005) is similar in 

terms estimation technique and even in most of the structures of the equat ions; though 

certain differences in equat ions spec ifi cations are inc luded so as to reOect the working of 

their respecti ve cou ntry's economy. 

Haque et al (1 990) developed "a framelVork for macroeconomic ana lysis of developing 

countries" using pooled data of 31 countries. They have pointed out that modeling of 

developing countri es is unlike that of developed nations since there is no consensus on the 

frame work to study the macroeconomic issue. The prototype model has made two· strong 

assumptions, at least to the case of Ethiopia26 The first assumption, expectations are 

formed rationally by forward looking economic agents, and the second one is concerni ng 

cap ital mobility. 

Haque et al (1990) framework of model ing is a variety of Mundell -Flem ing, i.e. havi ng 

one domestically produced good consumed both domestically and abroad and one 

imported good . The model constructed consists of four blocks: aggregate demand , 

aggregate suppl y, monetary sector and government sector. 

Aggregate demand is defined like nati onal accounting identity. Consumption is specified 

as a fu nction of interest rate and current disposable income. Disposable income is defined 

as GDP plus ea rnings in net asset held abroad minus the interest paid on domestic debt and 

taxes is linked to the net changes in consumer wea lth as an identity for private sector 

budget constraint. Thi s constraint im plies consum ption equation is identified foll owing the 

2> In Sa luda ( 1995), he rather explained government revenue frol11 oil sector is about 75%, and government 
revenue is modelled by ident ify ing income from oil source and non oil. He represented the government 
re venue behavior using 7 equations; where 5 of them arc behavioral (2 for oil and other fo r n Oll oil ) and the 
res t arc ident ities. ( consider the time where th e models a f C deve loped to evaluate the share of oil) 

2(, In the ir modeling Ethiop ia is a subset from the 31 countri es considered in the study( sec p, 547) 
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life cycle hypot hes is with rea l money balance as a proxy fo r wea lth. In vestment is 

dete rmined simply as a func ti on of rea l interest rate, to tal outpu t and initia l capita l stock; 

nevertheless other fac tors bel ieved to affect private in vestment of developing countries are 

not taken into cons iderati on. 

In exte rnal sector, import and export behav iors are de termined stochastically. Ex port is 

specified as a fun ct ion rea l exchange rate and income of the import ing cou nt ry of the 

domest ic supply. Im port behavior is mode ll ed to refl ec t the shortage of fore ign exchange 

availab ility that leads to the impos ition of im port con trols and foreign exchange rationi ng, 

and specifi ed as a funct ion of rea l exchange rate, rea l domesti c output, and reserve-import 

ra ti o (reserve divi ded by import in domesti c currency) lagged one period variable. 

Aggregate suppl y dete rmines output us in g Cobb- Douglas product ion function taking 

labour and capita l as inputs. The product ion function assumes con stant returns to scale; and 

it a lso adds ratio of output to labour one period lagged fo r lagged adj ustment, and time 

trend fo r technica l progress over time as add itional explanatory variables. To model suppl y 

function assumption of complete wage-price fl exibility holds true is a strong ·assumption to 

be real in case of developing countri es specifically to country like Ethiopia which · is 

include the modelling exercise. 

In the money market, sup pl y of money is determined endogenously following the 

monetary approach to the balance of payment ; and money demand as a functi on of income 

posi ti,·ely and nominal rate of interest negat ive ly in the usual manner. Also interest rate is 

determined stochasti cally assuming agents do have forward looking behavior (th is is al so 

subj ect to critiques to deve lop ing cou ntries where information asymmetry is the very 

nature of the economies). It is specified by the interest party cond ition that equates the 

do mest ic nom inal interest rate to the sum of the nominal rate prevailing abroad and the 

expected change in va lue of the domesti c cu rrency (uncovered interest pany). Thi s way of 

specification has al lowed them to test for the degree of capital mobi lity in the economy. 

Government sector of I-Iaques et at (1990) model specifies govern ment budget constraint 

dynamica lly as a functi on of expenditure and revenue ,whe re expend iture is exogeno usly 

determined .. 
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[n their estima tion, they have assumed slope pa rameters do not change across count ries so 

that it can be interpreted as a "typica[" deve loping country model ~7 III thcir estimation 

techn iq ue they have checked the error components structure and have shown the procedu re 

they fo ll owed all ows effic ient estimation in mode ls with panel data. But recent literatu res 

on panel data analys is expl ain estimati on techniques including two-stage least squares 

(EC2SLS) and th ree stage (EC3 LS) applied in Haq ue et al ( 1990) lead to spurious resu lt. 

Bodan and Lc Dem (1996) constructed a mode l th at describes a dynam ic mode[ of a sma[1. 

open develop ing coun try wi th a pegged exchange rate regime and pe rfec t capital mobil ity, 

which is app lied for the case of Cote d' [voire. The paper's object ive is how to represent 

labour market into the mac roeconomic models of deve loping countri es . Thus, detai l 

di saggregat ion of labor market vis-a- vis value added is done. The supply side of the model 

is disaggregated in to three sub sec tors: agricu ltural sector, urban forma l sector, and the 

urban informal sector. The agricu ltu ra l sector is fu rther disaggregated as one that produces 

agricultural exports and that produce agri cultural food crops. Production in the urban 

formal sector consists of manufactured goods, which are so ld to both the international and 

domesti c markets. Output of urban informal sector consists of non-traded goods. In the 

spec ification of production ti.ll1ction, agriculture sector va lue added is determined by the 

labour engaged in the activiti es and technical progress28 Labour is allocated in the two 

sectors based on the amount that max imizes revenue gained in either of the two 

sectors29The fo rmal urban sector Producti on is spec ified by combin ing: cap ital, labor, and 

intermediate inputs. Technology is desc ribed by CES prod uct ion function in capital and 

laborJO For in fo rmal sectors out put it is specified as a function of techn ica l progress and 

labour engaged in the acti vit y, though labour is determined as total labo ur force in the 

urban sector less the labour force engaged in the formal and pub li c sectors. 

The demand side conta ins pri vate consumpt ion (di saggregated as food and manufactured 

commodities), investment (both government and private) and external sector. And most 

27 But ,there is heterogeneity among the countries that arc considered in their sludy(see p.5 -1 7 which countri es 
arc included) 
28 Modelling is based 011 th e assumption that land is essent ially fixed and the stock of capi tal is minimal and 
the possibil ities for its extension are rather limited. However, in recent peri od to the case of Ethi opi a 
expansion in culli \ ated area is responsible for recent improvements in agricultural output :( see Seyoulll ,200 8 
: Hill el 01,2009 ) 
~') For mathemati cal deri vation see Bodrat and Le Oem (1996) , p.4 25 --l 26 
JO Thi s meth od isa ppli ed in AJemaychu and Hui zinga (2006) 
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equations :Ire spec ilicd in the usual patte rn . Final l, the model closes by sec tora l ide ntities 

and budge t balanc ing equa tions for the public, pri vate, and ex tern al sectors. 

The 1l10de l does have ma ny strong fea tures espec ia ll y in terms or labour di saggregat ion 

and speci lication as it largc ly refl ects the work ing of developing countries; but assumption 

on the rura l labour force in agricultural sector as unemployment is non-exs istant and labour 

fo rce of informal sector as a residual are subject to cri ticism. The other assumption (li ke 

Haq ue e l al( 1990)) on capita l mobi lity is a lso another strong assumpti on which has to be 

seen \\ ith precaution. 

3.3.2 Othcr Cou ntri es ~Iacro-economctrics Models 

Maroney et al (2004) const ructed a macro-econometri c mode l for Bangladesh economy 

using data from 1974 to 2000. The primary obj ecti ve of th is paper was to anal yze the 

empirical strength of short-run and long run impac t of monetary po li cies, fisca l polic ies, 

external resources, and remittance shocks (or in novations) on Bangladesh's macro­

economy. The methodology implemented is a vector error correction model. This is 

pres ided by unit roots and Johanson 's cointegration test to check necessary condit ions 

fulfillm ent. The economy is modelled using nine key macroeconomic var iables including 

real gross domest ic product, consumer price index, terms of trade between agriculture and 

manufac turing sectors, rea l investment, rea l value of remittances, real net exports, rea l 

ex terna l resources (intern ational ·reserve), money stock(M I), and rea l government 

expcnditurc. 

ad im et al (2008) dcve loped a small macro-econometr ic model fo r Pakistan's economy. 

The model is constructed based on data ranging from 1973-2006. The model contains II 

endogenous and 30 exogenous va ri ables. The mode l focuses on the demand side of the 

economy thus labour supp ly and product ion fu ncti ons are marginali zed. The behavioral 

eq uations in the model include: consum pt ion, private investment, exports of goods & 

services, imports of goods & services, money demand, money mult ipl ier, overnight ca ll 

money rate, we ighted average lending rate, food and non-food consu mer pri ces and GDP 

deflator. 

Thc model is closed b)· four iden tities and two delin itional equations. The lirst identity is 

ror tolai investment. which is the sum of government investment and private investment, 

where the former is treated as an exogenous va riable. The second identity rep resents the 
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tradc balance wh ich is mca s ur~d as e-xpo rt s minus imp0rl of goods and scrv ices (bo th arc 

endogenous in the model). Th ird iden tity is nati onal income accounting ident ity (nominal 

GOP), whi ch is the sum of consumpti on (pri vate and government), in vestment and the 

trade ba lance. Fourth identity is abou t consumer price index which is the weighted average 

of food and non-food consumer price index. The two defi nitional equations are narrow 

money supply (M I) which equa ted as the product of money supply one pe ri od lagged 

limes money ll1ultipli er: and rC 'll GDP as a rat io of nominal GDP to GO P denat or. 

Singh (2005) developed a small macro-econometr ics model for Fiji 's economy hav ing AO­

AS fram ework . In the model there are 9 behavioral eq uat ions and two identiti es thal close 

the model. The behaviora l eq uations specifi ed are private consumption, private investment , 

exporl and imporl from the aggregate demand side of the economy; supp ly side is spec ifi ed 

by a si ngle equation as a fu nct ion of capita l, la bour and technica l progress estimated by 

time tre nd. Monetary sector of the model includes money demand as a fun cti on of rea l 

income and in terest rate, and money supply is considered as exogenous. The price block 

consists of three types of price: producers price GOP denator as a proxy (which is also 

pract iced in Matlyana(2005), Musil a and Rao (2002) ), consumers price index and wage. 

The two ident it ies that close the model are the nationa l account ing ident ity that equates 

GOP and the other identi ty equates amount of output as the we ighted ave rage outpu t 

suppli ed and output demanded . 

The model devel oped has a samp le pe ri od from 1970 to 2002; the techn ique for estimat ing 

each of the equations is fo llowing Genera l To Specific method (GETS) al so named as 

London schoo l of Economics (LSE) Technique and Johanson's Max im um Likeli hood 

(JML) method. Each eq uati on is estimated using both techniques and an equation that 

tracks behavior of the data is included to the fina l macro-econometrics model. 

Ra and Rhee (2005) developed a medium sized Keynes ian macro-econometric mode l for 

Nepal- i.e. demand dri ve n. This model contains five bui lding blocks: fi nal demand, pri ces, 

credit and money, gove rnment, and the ba lance of payment. The model is developed to 

ana lyze po li cy simulation, econom ic planning and debt susta inability. The model simu lates 

a policy analys is us in g scenarios lhat are congruelll to the nati ona l plan of til e counlry. 

In model ing consumption behav ior. variab les expected 10 affect consum ption including 

di sposab le income, real interest rate and money suppl y were used as an argum ent. Rea l 
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illl~rc s i ralc is round 10 bc insignifican l (i.c. real illiercsi ralc has no role 1'0 1' in ler lemporal 

decision) and also Ihe rea l money ba lance (Ihe ralio of M2 10 consumer price index) is 

taken as a proxy fo r wea lth is fou nd 10 be insigni ficalll whi ch leads us 10 conclude 

Nepa lese consumers are it la with the rul e- or - Ihumb consumers. Hence, consumption is 

affected onl y by rea l di sposable income and its lags. Pri vate investment behav ior a lso 

de viates from Ihe usual convent ion since ou tput is found to be insignificant. Government 

development cxpendi ture affects pos iti vely and significalllly, and interes t rate negative ly 

and signifi can tly. In monetary sector modelling is done for cred it (both private and 

gove rnment) and net fo reign asset endogenously. Pri vate credit is only sign ificant ly 

affected by real income; government cred it expla ined by Ihe overa ll government budget 

deficit and net fo reign asse t as a fun cti on of overall balance of payment. Ba lance of 

payment which contains fo reign loans and ofticial capila l grants as a subset is related with 

government block usi ng two br idge equations to link foreign government borrowing and 

fore ign grants which are elements to government sec tor. 

Th is model is used so as to judge the achievab ility of the national plan by tak ing different 

si mulation scenari os (low and hi gh case scenari os). By comparing scenari o results with the 

nati onal plan recommendat ions were given so that the optimistic national plan to be 

alla ined. 

3.3.3 Macrocconomctric Modelling In Ethiopia 

Kiclane and Kock launer ( 1985) has bro ught macro-econometri cs mode ling exerc ise in the 

hi story of Ethi op ia fo r the fi rs t ti me. The model deve loped is a supply driven model hav ing 

27 equations out of whi ch 19 are behavioral equati ons, 7 of them are identity equati ons, 

and the remaining I equation is a bri dg ing equation. 

The suppl y dri ve n model consists of four secto rs: production, expenditu re, ex ternal trade, 

and sav ing and trade gap. Production sector is di saggregated among agri cul tu re, non 

agriculture, const ruc tion and other services. Expenditure block comains pri vate 

consumption, government consumpt ion and in vestment. Investment IS further 

di saggregated into agricul ture, other commodities, construction and other services 

investment. External trade consisting of export and import is di saggrega ted as export of 

cofree and other commod iti es lor export seClor: and imports of capital goods, intermediate 

goods, consumplion goods, ruel and se rvices ror import . Saving is disaggregatcd in to 
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private nnd gove rn ment ; and the onl y bridging equati on relates sav ing gap with trade gap 

so as to close the model. 

The model is pec uliar in terms or not including monetary sec tor and price. Somc equation s 

facc se ri ous spec ification problem to serve as behavioral estimation equations. Also the 

macro model lacks inter sec toral lin kage which makes forecas ting and impul se response 

analys is difficult and de li ve r a plausible result. In terms of model estimation techn ique, 

si nce adequate stat istica l tests are not scrutini zed estimations might not escape their 

~PlJri0 l1 S Jl al u r~ \\ ili ch generall : Jllva lidal~ the macro model. 

Lemma ( 1993/' constructed a macro-econometric model fo r Ethiop ia whichinclined more 

to the supply side of the economy - it is a supply driven mode l. The model has four blocks: 

producti on sector and in vestment, fore ign trade, public finance and price blocks explained 

by 53 equati ons of which 14 are behavioral and the rest are identi ti es. The model is 

constructed to be in harmony wi th the structural and institutional peculia ri ties to the 

soc ia list era (1974/75- 199 1) of Ethiopian economy. In modeli ng supp ly s ide, agri culture 

and non-agri culture sector are specified independently. The aggregate level of investment 

is a function of major so urce of fundin g such as government savings, credi t from banking 

system and foreign capita l inflow. Foreign trade block contains three export behaviora l 

suppl y functions: pri vate export for pulses and hide; and public coffee export fun ction. 

Import demand conta ins cap ital and raw material goods, and consumer good import which 

is ass umed to be exogenous. The government cu rrent expenditure and export tax rates are 

treated as po li cy instruments. f inall y, the pri ce block identifies two pri ce equations based 

on consumer price index (C PI ) and industr ial sector price defl ator. 

Daniel (2001 ) has bui lt a smal l macro-econometrics model hav ing AD-AS framework fo r 

Ethiopian economy. The model di saggregates the economy into four blocks: aggregate 

supp ly, aggregate demand , monetary and price blocks. Aggregate supply is flll-ther 

disaggregated into agri culture and no n agriculture sector; and aggrega te demand in to 

pri vate consumption , private investment , government consumption and ex ternal trade 

sectors. 

1) This paper' s revic\\ is b<1 sed 011 the literature review done by Alelllaychu and Daniel (200-t ) ." A Review 
of Macro Modelling in Ethiopia", p. 16- J 7 
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Suppl> side of the cconon1\' is specified using two behav iora l equati ons. The first. 

agricul tural suppl y functi on is specified as funct ion of labou r engaged in agri cu ltural 

sec tor, amount of rain fal l, relative price of agri cultural sector to non agricul ture, time 

trend , and partia l adjustment of one lagged per iod agr icu ltural output. Non agri cu ltural 

sector, it is speci fi ed as a fun cti on labour force III the act ivity, gross investment, 

intermediate imports, and capac ity utilizat ion rate. In turn capac ity utilization rate is 

spec ified stochastica li \ taking amount of rain fal l and import of capital goods as 

explanatory factor. 

In demand side, consump ti on is specified following Keynesian A ll-! theory \\'ith pers istent 

habit formation. Private in vestment is modeled fol lowing acce lerators pr inc iple but 

ex tended to capture the constraints that reflect deve loping countries case and it is specified 

by real output, govern men t investment determ ined exogenously, total im port , capital 

flight 32 and public bo rrowing". Government expend iture is determ ined endogenously by 

foreign capital infl ow1<, import pr ice level and total revenue. Government revenue is 

explained as a fun ction of real output, level of foreign trade, and fo reign cap ital inflow. In 

the side of external sector, export is specified as a function of terms of trade, rea l exchange 

rate, capacity ut ilization rate and level of domestic output. Import behavior is specified by 

c1ass i fying imports into two classes: im port of consumer goods and intermediate goods. 

Both of them are speci fied as a fun cti on of real income, rea l exchange rate and one lagged 

pe ri od of fo reign exchange reserve. 

In moneta ry block, money supply is considered as partl y endogenous from the behavior it 

inherit s from the side of balance of payment and fi sca l deficit. Money supply is included in 

the model as an identity equated as the sum of bud get defi cit , domestic cred it to the private 

sector, and change in fo reign exchange rese rve. Money demand is modeled as a funct ion 

of sca le va ri able i.e. rea l income and the opportunity cost of hold ing money interest rate 

and innation rate. Exchange rate is spec ifi ed stochastically; and modeling is done on real 

exchange rale detcrmined by terms of trade, openness, foreign financial nO\\ s and excess 

money suppl y. 

32 The paper cons iders this \ ariablc as controversial and it does not have any importance to the case of 
Ethi opia and hence it is lert Oll t in the modeling exercise: whereas Haque et al( 1990) an d Bod rat and Le 
Dcm( 1996) had assumed ill {he reverse order . 
33 Alcmayeh u and IIl1i zing3 (2006 ) also used thi s approach. 
3 1 Thi s factor is added following th e fi scal response to forei gn financial now. 
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Thc pri cc le"cl is rep rc,c nt cd by a single equation. It is determined as a fun cti on ofc"cess 

dcmand over suppl y in domesti c economy, excess money supp ly over money de mand. 

imporl pri ces, and capacity ut ili zati on rate. 

Danie l (200 I) macro-econometri c mode l comprises 12 behav ioral equat ions and 13 

identity and bridge equations. The lVay how equat ions are cross linked gives the mode l a 

good feature on tracking imp ul ses and implied responses in a ni ce manner. When we see 

the model developed in genera l, it is mode led in stati c manner; i.c. shorl run dynam ics of 

the economy is not measured and some behaviora l equations are misspecified. For 

instance, if we take private investmelll eq uati on tota l imp0rl is conside red as determ inant 

for private investment; but had been capita l or intermediate imporl s; on the speci fi cat ion of 

the supply s ide of the agricultura l sector the inclus ion of re lative pr ice of agriculture to non 

agr iculture 'S ; and in the non agriculture behaviora l equat ion non agr icultu ral ou tput 

determi nants like gross investment and capacity utili zation rate had suffered the model a 

lot. Since there is high multico llinear ity between investment, imports and also between 

capaci ty utili zation and in vestment. Capac ity utilization rate, that is included so as to 

refl ec t suppl y constrained nature of the economy, is not spec ified properl y and thi s has 

decreased the power of the fu ll model because of its linkage with other equations36 

From empi ri ca l resu lts, res iduals of private investment and suppl y equat ions (for both 

agr iculture and non agri culture) had shown non-normality behavior which is one sign of 

mi sspecifi cation. J7 Since some of the relevant test stat isti cs (used as a battery of test) li ke 

Durb in Watson test stati stics, unit root test, integration levels are not reported; so it is not 

poss ible to say on het roskedasti ci ty, serial correlati on, and spuri ous nature of the equations 

included in the model. 

Alcmayehu and Huizi nga (2006) also constructed a macro mode l fo r Ethi opia .'8 The model 

is based on the aggregate demand - aggregate supply (AD-AS) framewo rk . The supply 

side contains three main components: formal sector, informal sector and agricultural 

15Th is style of modelling is used by Bocl rat and Lcdem(J996); but they ha ve appl ied it for th e same sector 
tagnculure seClOr producing 1\\0 ty pes of cOJllmodities) to maximize revenue earned by all ocating the initial 
endowment of labour, not across di fferent sectors. ( for denvation and argument see p.425-4 26) 
30 Sec the de finiti on of capacit~ utilizat ion according to Jorgnson (1971) of literature part. 
)7 The paper passes thi s resu lt by stating as in Johanson's procedure the problem o f non normal \ CClOr 

re s idLJ~l s is not a problem. 
)S Though the model dc\c lopcd is using red uced form o f behavioral equ:lIions, I slJll1lll<lrizc onl y the 
theoreti cal mode l 10 be cons istent w it h the objecti ve of the paper. 
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sec tor39 Forlllni seetor' s output is ass umed to be dema nd dri ven in the sho rt run , but 

suppl y dr iven in the long run 4 0 The supply is formul ated as a function or labour, capita l 

and intermeciiate imports. Agr icultural sector is modelled as suppl y dri ven which is 

spec ified by exogenous fac tors that incl udes land, fertili ze r, qualit y of seeds, labour and 
• 

rain fall. The output of non informal sector is measured res iduall y by subtracting 

agricultural and formal sectors output from GDP; and it is spec ifi ed as a functi on of labour 

engaged in the sector. Demand for factor input , labour, for urban sec tors is a function of 

for mal sectors outp ut , wage and pri ce level; bu t fo r the other two sectors labour is 

ca lculated residual ly and assumed to grow with growth of economica ll y ac ti ve popu lati on 

to be engaged in productive work and th is is a Similar assumpt ion that is used by Bodrat 

and Le Dem( 1996). 

In vest ment is specified fo llowing neoclassical in vestment theory, and other fac tors to the 

context of developi ng country. It is explained as a function of output, real interest rate, 

publi c investment, capaci ty utili zat ion, re lative price of capita l, and deprec iation costs. 

The level of import depends on the percentage change in import due to output effect and 

re lative prices, where import price is formulated as a funct ion of exogenous price of 

imports in foreign currency, exchange rate and import tariff. 

Final demand for goods, consumption is mode lled as a function of current income and 

in terest ra te." Consumption is disaggregated into consumption of food and non food 

sec tors. 

The modeli ng of export assumes Ethiopia as a sma ll and open economy i. e. the country is a 

price taker in the worl d market, and the law of one price ho lds for the major long exist ing 

export, coffee. Hence export of coffee is supply driven based on profit motive; and the 

behavioral equation is specifi ed as the difference between exogenous world price and 

domesti c cost. But for non coffee export it is modelled as demand driven. Hence export 

ot her than coffee is specified as a function of the income of the level of trading partners, 

39 Th is way of classi fi calion is also applied by Bodrat and Le Dem( 1996) 
~o It is justified as supply components like investment to increase capacity are ou tside of the firm 's control , 
such as the quality of infrastructure, and an overall stable economic and political climate. 
~ ] Consumption behavior's equation is formul ated followin g permallCI1! incomc hypothesis but due 10 
absencc of reliable data the rescarchcrs ignored the wealth va ri able from the equat ioll .(sec p.15 ).Though, they 
specify foll owi ng the permanent income hypothesis they did nOI ju stify whether th e behavior of Ethiopian 
hOLJ seholds is consistent wilh the hypothesis. 
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rea l exchange rate and cap ital stock which is es ti mated by in ves tmcnt as a rat io of to va lue 

added. 

For government sector, government expenditu re and revenue are form ulated using semi ­

behav ioral equations. Price eq uations we re spec ified for agri culture sector, formal s~ctor 

and non formal sec tors. To specify the determinants of price level neoclass ica l assumptions 

of mic roeconom ics were in action. In the case of agricultu re sector pr ice of agri culture 

commodi ty is formu lated as a fun ction of domesti c supp ly of agricultural output, imported 

food item. price of imports, nominal exchange rate, and autonomous consumption level. 

For the formal sector pr ice is determ ined by wage, labor producti vity, user cost of cap ital, 

pri ce of import, capacity utili zation, indirect taxes, and subsidy. For informal sector pri ce 

is formu lated as a mark up over the informal sec tors wage. And final ly, the general price 

leve l is calcu lated as a we ighted average of the price of each of the sectors.'2 

In monetary block, demand for money is defin ed as a function of rea l GDP, the price level 

and the nominal interest. Interest rate, interest on bonds, is spec ified as a function of tota l 

output , price leve l and money supply. Exchange rate is considered as floating, and it is 

spec ifi ed as a fun ction of level of import, export earning, aid and external finance. 

In the macro mode l, Alemayehu and Huizinga (2006) have used a reduced input output 

matrix th at gives a link between the components of aggregate demand and sectora l va lue­

added. 

Ethiopian Economic Association(2008) constructed a macro mode l for Ethiopian economy 

with a frame work of AD-AS but more inclined to the suppl y side so to elucidate the 

suppl y conslra ined nature of the economy. The model can be categorized to a class of 

medi um-large kind of macro-econometri cs model as it consists 44 behav iora l equations, 38 

ident it ies and bridge eq uat ions, and 61 exogenous variables. The EEA model contains 7 

blocks: producti on, aggregate demand, labo r market, prices, fi sca l sector, monetary sector, 

and ex ternal sector block. 

Each block is subdi vided into different major sectors. The production block conta ins 

agriculture, indust ry and services sectors. Demand block consists of consumption and 

investment of pri vate and gove rn mcnt , export and import sectors. Th is block ide ntifi es 

42 Detai ls on the mathematical derivation arc avai lable at Alcmayeh u and Hui zinga (2006), nlso si milar kind 
of analys is is given ill Bodra! and Lc Dem( 1996). 
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behavioral equations for consumption and investment ; other sectors are trea ted in the 

external scc tor account. These sectors are includ ed in demand block fo r the sake of 

creating idcntity onl y. Price block has specified two behaviora l eq uation namely, general 

consumer pri ce index and food pr ices. The Fisca l Sector is sub divided into revenue and 

expenditure. The moneta ry sector is c lass ifi ed into two categories; the assets side and the 

li ab ilities side. Behaviora l equation s are spec ified for the asset side of the economy 

especia ll y, for domest ic cred it. The external sector class ification is based on the balance of 

payments and behaviora l equations are identified for the trade account only. Also the real 

exchange rate categori zed in th is block is determined using behav ioral equation. The 

equati ons of the model are deve loped usi ng Dynam ic OLS COOLS) Meth od4
] The model 

is tested using a battery of tests. 

The brief review of the mode ls done above gives va luable contribution to modelli ng the 

macroeconomic behavi or of their respecti ve economy. However, each model has its own 

limitations. The construction of macro-econometr ic model of an economy is an evolving 

process and a given model cannot consider all aspects of the economy. The model 

presented in th is paper is bu il t on the accumulated knowledge of past models and makes an 

attempt to provide improved specifications fo r endogenous variab les and estimation 

techniques app li ed. 

"3 Detail on this technique can be referred from Stock-Watson (1993) 
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4 MODEL SPECI FICATION AN D ESTIMATION 

4,1 Introduct ion 

Macro-econometr ics model can be crudely de fined as the set of behav iora l equat ions, 

institu tional and deti nitional relationships that represents the structure and operations of an 

economy, Behav iora l equations are constructed based on the indiv idual behav ior of the 

econom ic agents (\'a lad khani , 2004), The ea rli est models of 1970 were developed by 

foc using onl y on the demand side of the economy by marginali zing the supply s ide of the 

economy since the peri od had been "golden age of Keynes iani sm", Thus the model does 

not give suffi cient attention to the role of the money market, relative prices and 

expectations, To fi ll th is gap different altern ati ve modell ing app roaches were deve loped, 

As cited in So ludo (2002) and Va ladkhani (2004) , Chall en and Hagger ( 1983) had 

classified macroeconometri c models into fi ve catagori es as Keynes- Kl ein (KK) model, the 

Phillips-Bergstrom (PB) model , the Wali'as-Johansen (W J) model, the Wa lras-Leontief 

(WL) model, and Muth-Sargent (MS) model. 

The KK models are demand oriented models that dea ls with the problems of short-run 

instability of output and employment using mainly stabili zation po li cies. The PB model is 

also a demand-ori en ted model and modelling is done based on differential or diffe rence 

eq uati ons to esti mate the structural paramete rs of a stochastic model. The W J mode l is 

ma inl y a mul ti-sec to r model which is developed based on Walras's postulates that the 

economy consists of various inter-dependent markets, which reach an equilib rium state by 

the profit maxim izing behavior of producers and uti lity maximizing behav ior of consumers 

in competi tive marKets. The vari ous sectors in the WJ model are linked together via thei r 

purchases and sa les among economic agents. The WJ model is hi ghly non-linear and uses 

logarithmic di fferentia tion . The WL is a general equilibrium system which incorporates the 

input output (10) tab le in to the Walras ian general equ ilibrium . The MS model is based on 

the evo lution of the theory of rational ex pectations. The MS model has similarity wi th KK 

regarding its dyna mic prope rly and no n-l inear, stochastic and incorpo rati ng the use of 

discrete time (see So ludo (2002); Va ladkhani (2004» . 
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From 19705 onwa rds the acceptance of macro-econometric modelling ro r the purposc or 

policy ana lys is and forecasting has been in question44
. Thi s is because of seve ral reasons 

such as: forecasting inadequacy, theoretica l contrasts with rational expectations theory, 

structural instab ility (Lucas critique), the endogenous- exogenous di vis ion of the model 

\ariables in order to pass the identification cond itions, the ex istence of the problem of unit 

roo ts and" ignoran ce" of cointegrati on and the ti me-se ri es properties of the data(fbid). 

Lucas ( 1976) critiq ue argues macro-econom etric models are des igned to perform the 

former task onl y and appl ying these models for simulati on prov ides no useful information 

as to the actual consequences of alternati ve econom ic po l icies - even fea tures of the model 

\\ 'hich lead to success in short- term forecasting are un re lated to quanti tati ve pol icy 

evaluation. Exp li citly, the critique squabb les there is no reason to be li eve that the 

"structure" of the dec ision rules (or economic relations) would remain invariant under a 

po li cy in tervent ion; hence po li cy evaluation shou ld be based on a simple principle of 

rat ional expectations theory (Lucas, 1976). 

To rectify the drawback of earl ier modell ing approach at least three methodological 

alternatives of mode ll ing have emerged in the literature, these are Sims ( 1980, 1982), 

Leamer (1983), and Hendry (1980). The fi rs t one is Sims's atheoreti ca l VAR, which 

underscores the role of data with no theoretica l fou ndation. In th is app roach there is no 

di fferentiation between exogenous and endogenous variables in the system. The second is 

Leamer's methodology wh ich starts by defi ning the concept of exogeneity as the 

cond itional di stribu tion of the endogeno us variab le given the exogenous vari ab le remains 

stab le to any changes in the exogenous variab le. The third approach is the Hendry'S 

methodology which is known as the "genera l to spec ifi c modelling approach" or the 

London School of Economics (LSE) methodology in the li terature. This methodo logy 

accepts structura l models as the start ing point but goes one step furth er to adopt a totall y 

different and ri go rous technique for model spec ification, es timation, hypothes is testi ng and 

sim ul at ion. Thi s approach begi ns with a general dynam ic autoregress ive d istributed lag 

(A DL) model whi ch is postulated in te rms of economic theory. Then, by perfo rming a 

~~ Modelling approaches of the early 19505 and 19605 arc kn owll as th e Cow les Commission approach 
\\ hie h is based on the structural mu lt i equati on modelling 
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number of likelihood ra ti o rcstri ction tests on thi s model , a spec ific model can bc obtai ned, 

so that it is congruent with the data gcncration process (DGP). In other words, theory 

determines the explanatory variables, whereas the stati c or dynamic nature of the 

relationship \\'ill be de fined by the data. The model evaluation in thi s methodology is 

extensively examined by a batte ry of diagnostic tests and forecasting performance. Pass ing 

different types of diagnosti c tests is a necessary but not sufficient condit ion. In add ition, 

Hendry's approach expects too much from the data (Pagan , 1987). 

Rega rding Lucas's cr iti que, Klien (1989) has argued there is more pers istence in the 

structure of economic relationships. Though there is change in the economy of the world 

this does not mean that the parametric structure is changing; he also suggested that randolll 

errors and exogenous variab les Illay be the main source of changes. Also, Fa ir(2004, 2008 ) 

argues expectat ions of the future affect current decisions, agents are assumed to form 

these expectat ions on the basis of past va lues, where the parameters multi plying these 

va lues are constant which means expectations are backward looking . He also added 

"parameters in the expectation equat ions are assumed not to depend on the parameters in 

the model: expectations are not model consistent (rational)" (Fair (2004); Fair (2008)) . 

For macro-economet ric model to be app li cable different resea rches (Hendry and Richard 

(1983), Pesaran and Smi th (1985), Intriligator el af. (1996), Jansen (2004» had suggested 

more or less s imi lar criterions. The fi rst issue is on data ad miss ibil ity, that is economi c 

vari ables should be placed in an acceptable range. Second, there should be consistenc y 

between eco'nomic theory and interpretat ion of parameters of the model, i.e., an approp riate 

theory should support the signs of the estimated parameters. Third , estim ated parameters 

should remain stable over the period under study. Fourth, residua ls should be random, i.e. 

they sho uld be stochastic and stationary. Fi fth, an exogeneity test should be undertaken to 

ensure that the explanatory variabl es are at least weak ly exogenous. Finall y an 

encompass ing test is also suggested to be undertaken to test whether or not the estimated 

model is super ior to all the alt ernati ve ri va l models. 

In th is study. the full system is comprised from different subsystems the economy. Jansen 

(2004 ) has noted modelling macro-econometri c models uSing a single fram c\Vo rk is 
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becoming difficul t due to the complex nature of the economy. Jansen (2004, p. 17) has 

exp lained it as: 

.. Users of macroeconomic models ofien dellland a delailed descripl ion 

of Ihe economy, and in arder 10 accomlllodale Ihal demand, realislic 

macroeconomic models invariably becollle 100 large 10 be speciJied 

simullaneously. The suggesled melhodology Iherefore relies on valid 

condilioning and lIIarginalisalion of Ihis }imclion in order 10 arrive al 

lraclable subsyslems, which can be analy:ed wilh slalislicallllelhods. 

The objeclive is 10 oblain dala congruent sub-models Ihal represenls 

parlial Slrucl1lre, lvhich can be combined inlo a lIIodel for Ihe enlire 

economy. 

The mode lling technique for this stud y is based on first selecting relevant variab le that 

represent subsectors of the economy using econom ic theory. Then we construct the 

relevant subsector models. This is done by using the theoret ical long ru n equ ilibrium 

relationsh ips among variables of interest. Fina ll y, by combining these subsystems model of 

the entire economy is constructed. 

The fu ll structure of the model constructed in thi s thesi s consists of fo ur blocks aggregate 

demand, aggregate supply, price, and monetary block. Aggregate demand block is 

comprised from pr ivate consumption , private investment, government expenditure and 

ex ternal sector of the economy. Aggregate supp ly deals wi th the product ion of agr icu lture 

and non ag,:icultural goods and services. Price block consists of producers and consumer 

price equat ion. These price equations are affected by monetary sector, aggregate demand 

and aggregate supp ly. Monetary block is comprised of money demand and money supply 

that interacts wi th different blocks of the econom y. The next sect ion deal s with 

specification of each block in detail. 
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4.2 Mod el specification 

This sec ti on presents the behav ioral equati ons, ident iti es, and bridge equat ions of the mode l. 

The specificati on is done us ing general to specifi c approach (LSE) approach for spec ify ing 

each of the equations conside red in the mode l. 

4.2.1 Aggregate Demand Block 

4.2. J.J Priva te Co nsumption 

The spec ifi cati on of pr ivate consumpt ion fo ll ows permanent income and li fecyc le 

hypothes is. Hence in the long run , pri vate consumpt ion is specified as a functi on of rea l 

di sposab le income, rea l weal th , real in terest rate and level of in Oati on. This means the 

behavior of ho useholds is by assum ing they save fo r fu tu re consum ption. For consumers 

hav ing lack of liquidity constraint consumption is based on disposable income whereas for 

unconstrai ned consumers the rate of time preference and rate of return (consumption 

smooth ing) is done based on marginal propensity to consume and the amoun t of resource 

endowed 4
; Fo ll owing th is argument , in the long run consumpt ion behav ior is specified as : 

logRCp, = /3", + /J" logRY,d + /J" logRNf2, + /Jd R, + /J" log CPI (4. 1) 

Where Rep, is rea l private consum ption; Ryd is rea l disposable income; RJ'vf2 is rea l broad 

money which is a proxy to wea lth, R is the rea l discount interest rate; CPI is consumers 

price index which measures the price leve l. The nomina l discount interest rate is conve rted 

into rea l discount interest rate using: 

R, = (i, -Tr, ) 

1 + Tr, 
(4.2) 

Where, i is the nom ina l discount interest rate. Disposable income and a gai n in wea lth is 

expected to affect pri vate consumption pos itive ly and the effect of in terest rate and pri ce 

level is not known a priori. 

4S " l f th e P1H model is tfUC, consumption is proporti ona l to perman ent income ; il thus tends 10 be above 
current in come when current income is relati\"ely low and expected to rise, and below current income when 
current in come is expected to fall. To put it in another way, di ssaving an ti cipates ri si ng income and saving 

anticipates falJlIlg in come" (see Ca rnpbc Jl (1 9S6), p. 2). 
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4.2 .1.2 Pr ivate 111\"Cs tlllcnt 

Investment demand in the economy is di vided into pri vate and pub li c investment demand . 

Pub li c in vestmen t is considered as a poli cy va riable in this study, hence it is determined 

exogeno usly. Pri vate investment behavior is specified based on fl ex ible accelerato rs 

ap proach like Blejer and Khan (1984). The standard model is ex tended to include factors 

that are supposed to expound pri vate investment behavior by incorporating institutional 

and structural characteri stics. The mode l done by Bl ejer and Kha n ( 1984) allows us to be 

applicable for developing countries like Ethiopia since it modifies the limitations fo und in 

the standard model. Acce lerators mode l estab li shes a stable relationship between the stock 

of capita l that a firm des ires and the level of output ( Y,). This suggests desired level of 

capital (Kp' , ) is gi ven by: 

• Kp 1 =aJ;' (4.3) 

If firm s invest without delay, the actual level of capital stock equals the desired level of 

capital. But in reality, lags in adjustment of actual in vestment arise due to time spent to 

construct the new factory , installat ion of capital, to train workers on how to operate the 

new fac ilit ies. Thus actual stock of capital is assumed to adjust to the difference between 

des ired stock in peri od I and actual stock in previous period which is given as: 

6 K p , =(3( Kp ' , -KPI _I) (4.4 ) 
or 

KPI = fJ Kp 'l + (1 - fJ)KPI _t ( 4.5) 

Where Kp is actual private capital stock, t.Kp is net private investment, and j3 IS 

coeffi c ient of adj ustment, 0 ,; j3 ,; I. Gross pri vate investment (fp,) is equated as net 

investment plus depreciat ion of the previous peri od 's capi tal, i.e. 

( 4.6 ) 

\v her~ . S is the rate of deprec iat ion. 

The gradual adjustmcnt of desired level of capita l stock to that o f actual capi tal stock is 

influenc cci by many econom ic factors. These facto rs include capaci ty uti liza tion , 
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availability of finan ce, and level of public sector, uncertainty, and cost of capital. Thus, we 

can express the coeffic ient of adjustmen t as a function as; 

~ = !(cuJD::p,,1g,Jr,,O (4.7) 

Where e ll is the capacity ut ili zati on rate that is measured as the rat io actual output to 
potentia l output46

; Dcp is the change in real bank credit to the private sector plus real net 

private capital flows; Ig is the rea l public sector in vestm ent; ff, is inflation rate that 

measures the degree of unce rt ainty: i, is the interest rate. By rea rranging equati ons (4.3) to 
(4.6) and subst ituting into (4.7) gives private in vestment function: 

log RIp, = /3'0 + /3" log R)~ + /3" log CU, + /3/3 log 6.Dcp, + /3" log 19, + /3" log cpi + /3,,1; (4.8) 

The inclus ion of change of domestic credit as an explanatory var iab le is to incorporate the 

effect of access to fin ance. The total capita l formation is given by: 

1 = lp+lg ( 4 .9) 

Where, I is gross capita l forma tion. The expected signs for the coefficients of income, 

domesti c cred it, and capacity uti lizat ion are positive whereas for government investment , 

inflation and interest rate it is not kn own a priori. 

4.2.1.3 Government Sector 

Government sector cons iders both revenue and expenditure side. In most studies 

expenditure is treated as exogenous. However, in thi s study both s ides are spec ified 

stochastically though expenditure side is partly exogenous. Government generates its 

revenue from taxes, non tax revenues and externa l grants. Tax revenue consists of direct 

tax and indirect taxes. Government expenditure is disaggregated into current expenditu re 

and capital expenditure. Current expend iture consists of wages and sa laries, expenditure on 

goods and services, interest payments (both domest ic and foreign), and subs ides and 

transfers. In the re\'enue side tax revenue is specified stochastical ly whereas nontax 

revenue and ex ternal grant are dete rm ined exogenously. From expenditure side, current 

expenditure IS spec ified stochastica ll y whereas capita l expenditure is determined 

exogenously. 

-'6 The "potential" out put is es timated firs t by regressing GOP on lime and adding the hi ghesl positIve 
residual on the fitt ed vnlll es. This approach or approximati on is used in the case o f Ethi opia by Y oha nncs 
(2000) and Scid (2000). 
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4.2 .1.3.1 Govemll1cnt Rcvenuc 

Government revenue is innuenced by level of economi c activ ity, degree of trade, foreign 

aid , and overa ll debt. A proxy for the degree of economic ac ti vity is output (GOP) which 

measures the tax base and it is expected to increase tax revenue. The revenue perfo rmance 

also depends on the degree of trade especially from import side of the economy after the 

trade libera li zation at least to the case of Ethi opia. There is also an argument on the fi sca l 

response as government gets a receipt from aid (g ran ts and loan), government' s beha vior 

on reven ue co ll ec tion and expend iture is subjected to change. Additiona lly, to generate 

foreign exchan ge and to servi ce its debt government chooses to reduce import by 

increas ing import tariff or other taxes which is supposed to close the trade defic it and 

serv ice the debt (see Tanzi (1992) , Gu pta (2007))47 Followin g these arguments tax 

revenue function is spec ified as a function of GOP, import, fo reign aid and concessional 

loan. The government revenue is given as: 

10gT]?, = Pro + Prl logY, + P" logIM, + Pn logFA, + Pr, logcons/oan (4 .10) 

Where TR is total tax revenue; Y is nominal GOP; 1M is total import; FA is forei gn aid ; 
consloan is concessional loan . Tota l government revenue identity is given as: 

TGR, = TR, + NTR, + Grant, (4. 11) 

Where TGR is total government revenue; NTR is non tax revenue, and Grant is foreign 
grant and aid. 

4.2.1.3.2 Govemlllcnt Expenditure 

Government current expenditure (GE) is finan ced ei ther from tax revenue or by borrowing 

from international or domest ic sources. Thus, current expenditure can be specified as a 

function of tax revenue, foreign a id~ concessional loan and price level. Thus, government 

d· . 'fi d 48 expen Iture IS speci Ie as : 

10gGE, = PGO + PGI 10gT!?, + PG2 10gFA, + PGl logcpi + pG, logconsioan (4. 12) 

and tota l govern ment expend iture identity is given by: 

TGEtp, = GE, + GCE, ( 4.1 3) 

Where, TGEXP is tota l government expenditure and GCE is gove rnment capi tal 

4k fo r Si milar spcci ficalions sec Hell er (1975), Mos ley et al ( 1987), Gang nnd Khan ( 199 1), Khan and 
I-I oshino ( 1992), Oli m (1996), McGillivray (2000), Dawit and Abe m (2006) 
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expenditure. The sector closes by publi c defi cit (pl/bDej) whi ch IS given the difference 

between gOl'ern ment reven ue and expenditure whi ch is give n mathemati ca ll y as: 

PubDej, = TGII, - TGExp, ( 4.14) 

4.2.1.4 Externa l Sector 

External sector compri ses export, import and rea l exchange rate behavioral equations. The 

export sector is represented by a single equation since expo rted commodities are mainly 

primary commodit ies. The import sector consists of two equations: import of consumer 

goods, import of intermed iate and capital goods. Though the exchange rate behaviora l 

equation is impacted by parall el market, modell ing is done using the offic ial exchange 

rate's rea l effecti ve exchange rate assuming the significance of the parall el market is 

negligible at least in the long run . 

4.2.1.4.1 Export Sector 

Export behavior is specified follow ing the assumption that Eth iopia is a small coun try. 

Factors that determine export demand for Ethiopian goods and se rvices are influenced by 

real income of trade partners and country's competiti veness which is measured by using 

rea l effective exchange rate and the capacity to suppl y. Since most developing countri es 

are suppl y constrained, capacity to supply depends on cap ita l acc umulation. In thi s th es is 

we ha ve assumed the rat io of in vestment to value added is used as a proxy for the measure 

f . I I· 49 o capita aecumu at lon. 

Fo llowi ng thi s argument, export behavior is specified as: 

10g.X; = /3xo + /3'l log RY,"'w + /3x, logREER, + fJ" ( ~~~ J (4. 15) 

Where X is export; Ryrow income of the trade partners of Ethiopia; REER is the rea l 

(
ITOT,) I . fl· . exchange rate; -- t le ratio 0 tota In vestment to tota l Income. 

II); 

~9 Th is approach is applied by Alcrnayehu and I-Iuzinga (2006) 
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·U.l.4.2 Import Sector 

Import demand behav iora l eq uation is adopted from Khan and Kni ght ( 1988) . Demand for 

import is de termi ned by domestic demand which is prox ied by gross domest ic income, real 

exchan ge rate, and fo reign exchange reserve to refl ect im po rt const raint that resu lts from 

ava ilabi lity of foreign reserve. Impo rt is disaggregated into two parts as consumer goods 

and intermediate and capit al goods (see So ludo( 1995), Taye( 1999), Danie1(200 1 )).Th is 

class ifica ti on is do ne so as to refl ect Ethiopian domestic finn s are heavi ly dependent on 

imported intermed iate and cap ital goods. The ava il abi lity of in termed iate and capital goods 

in turn is expected to influence the utili za ti on of non agricultura l sector of the economy. 

Both class ifications of import foll ow similar spec i fication ; but their interact ion to other 

sectors differs thus each of the equations is spec iFi ed by its own as fo llows. 

Impo rt of Co nsumer goods 

(4. 16) 

Where, i,,/en is import of consumer goods, RESV is available foreign exchange reserve. 

Import of Intermediate and capital goods 

logMcp, = !3,'kPQ + !3,\4cPI logRY, + !3," kP, logRESV, + !3,\4cPJ logREER, (4 .17) 

And as an identity we have total import given by: 

MI = .! fell, + Il kj), + IV/a, ( 4. 18) 

Where, M is total import and Mo is import of other commodities. 

Exchange Rate 

To model rea l exchange rate, we follow Edwards (1989) approac h5o For spec ifying rea l 

exchange rate fac tors that are expected to determine the long run behav ior, "real exchange 

rate f undamentals" to the context of Eth iopia are considered whi le the ex ternal REER 

fu ndamen tals included are international prices (terms of trade) , international transfers 

includin g foreign aid flows. Domesti c REER fundamentals incl uded are openness and 

gove rn ment consump ti on as a rat io of GDP which are po li cy related factors. In deve lop ing 

countries fiscal defici ts are mostl y finan ced by se igniorage (pri nt ing money) wh ich results 

in excess domesti c credit which has a role to create macroeconomi c instability. Thus, rea l 

50 Th is meth od is :11 50 adopted by lVlungul c (2004) for Zambia, Taye ( 1999) lor Eth iopia, and Ghura and 
Grenn cs ( 1993) for Sub-Saharan Afri ca. 
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cxchangc rate is spec il~ed as a function of tenllS of trade, foreign capital inflow, openness, 

and excess domest ic credit. Th is is given by: 

log REER, = p",,,, + PRill log Tol, + PIII12 log F, + PIIIO log Open, + PM' log E,-[X, + PUR' DUll/my (4.19) 

Where Tor, represents terms of trade give n as the ratio of export price to import price; F is 

net capita l in flow; Open stands for openness of the economy measured by the rat io of sum 

of export and import va lue to total GDP; ExDC for excess credit measured by the change in 

domesti c credit ;l, Dummy rep resents period where there is exc hange rate liberali zation. 

4.2.2 Moneta ry sector 

The modelling of monetary sector is done to exam ine how monetary variab les are related 

to other sec tors of the economy. In mode ll ing monetary sector, on ly money demand IS 

determined stochasticall y. The fo rmal financia l secto r in the case of Ethiopia IS 

characterized as ' rep ressed' li ke other deve lop ing coun tries. Since national bank of 

Ethiopia control s interest rate this variable is considered as exogenous. Th is imp li es 

interaction of money demand and vo lume of money supp ly does not clear in the 

conventional way. Since aggregate output and demand are not linked via interest rate to the 

monetary sector, excess demand is incorporated in the price equat ion to reflect demand 

pressure. 

4.2 .2.1 Money Demand 

Money de mand equation is spec ifi ed using two behaviora l equations as narrow money and 

Quasi-money (which incl udes sav ing and time depos it) 52 We can explain demand fo r 

narrow money usmg a scale var iable that represents the transact ions demand for real 

money given by rea l JIlcome (R Y) a measure of expected opportunity cost of holding 

money rather than goods, inflation rate (P) ; the marginal opportunity cost of holding 

money which is prox ied by interest rate of treasury bill of 3 mont hs(rlbill) and parallel 

market exchange rate (BEX,) that measures the expected cost of holding domesti c currency 

instead of fo reign currency which represents currency substituti on in the country (see 

51 Excess domestic credit is measured fo llowing Edward (1989) definit ion. i.e. th e difference between the 
ratio of change in domestic credit to broad money and the rale of economi c growth . 
52 Th e selection of appro prim e money stock is generall y based on either t r~lnSac ti oll th eory or asset th eory. 
Transaction theory emphasizes money's role as a means of payment , and hence it deal s w ith narrovv moncy. 
Asset theory con ce ntrat cs on money's function as a store of value and foc lIses on broad money. 
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DlII'eva ct a l (20 I 0) l'o r the case of Ethiopia ; AmcyalV(2004) for Ghana; Adam ct al (2004) 

for the case of Vietnam. Bahmani-Oskooee and Chi Wing Ng (2002) fo r Hong Kong). 

Demand for Narrow money (M I) is given as : 

logRMl, = /lIfIO + fiM11 logRY, + fiAm logP' + /3;(I3rlbill, + /3,llI3 logBEX; (4.24) 

Where RM I is rea l narrolY money given as a ratio of nominal M I to price level, in this 

case consumer price index. The expected coeffic ients for rea l income is positi ve and fo r 

inflation and interest rate it is expected to be nega ti ve but for the case of paralle l exchange 

rate the sign of the coefficient is ambiguous 10 be determined a prior. 

Money de mand eq uation fo r Quasi-money (MQ) is assu med to be a function of real GOP, 
rea l interest rate (rr), and the rate of inflati on. And the equation is spec ified as: 

log RMQ, = /3,\/,,0 + /3.I!'i' log RY, + /3,\/,,2 log p, + /3,.",3 logn ; (4.25) 

The sum of narrow money and Quasi-money gives broad money demand (Mt) IVhic h is 
given by: 

M2 = M I + MQ (4 .26) 

4.2.2.2 Money Supply 

Money supply is in fl uenced by domestic cred it, net fo reign asset, and others net assets53 

Domesti c credit comprised claims by govern ment and clai ms by other sectors. The 

relationship between supply and de mand for money (M2) is determ ined via money 

multip li er so that both sides eq uili brate and monetary sector closes54 It is expressed as: 

M ,' = pM2 = p(NFA + NDA) (4.27) 

Where, NFA is net foreign asset and NDA is net do mesti c asset, and I-l is money mul tiplier, 

which is calculated as the rat io of M2 to reserve money (Currency in circ ulation and banks 

deposits at the Nat ional bank of Eth iopia) 

NDA=GC+NGC + ONA 

DC =GC + NGC 

(4.28) 
(4.29) 

Where, GC is cred it c laimed by government; NGC is claims by other no n-govern menta l 
sectors and ONA is ot hers net assets. 

53 Other net assel S arc comprised frol11 cumulated retained profits plus the initial investment in the bank 
made by its owners (iV1cCallul11 1989). 
5 ~ Closure of money suppl y is adopted from McCallum (1989) cons iderin g the money demand equation. 

(see p. 56*62 for th e mathemati cal derivati on. ) 
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-1 .2.3 Aggregate Suppl y 

To mode l sup ply s ide of the real econom y, producti on sectors are class ifi ed as agri culture 

anel non agri cu lture sectors. Each of them is spec ifi ed using the Cobb-Douglass prod ucti on 

func ti on with constant re turns to sca le (CRS) technology. The suppl y side of the model is 

specified by tak ing the country's econom ic structure . Thi s type of class ification is app lied 

in Taye ( 1999). Se ici (2000), Daniel (200 1) and Alemayehu and l-I uziga(2006). 

-1.2.3 .1 Ag ricultural Production Function 

The agri culture prociuct ion function spec ifi es agri cultural out put as a funct ion of capital 

imp lemented in agriculture (like ox and phys ical instruments for agricultu ra l activity), 

labour force in ag ri culture, amo unt of rainfall and technica l change. Thus the agricultural 

output is specified as: 

log Ya, = p"'" + Pra , log Ka, + Pra' log La, + Pra' log RF,_, + Pra,T (4.3 1) 

Where, Ya is agricultural output; Ka is capital in agricult ure; La is labour force In 

agric ul ture sector; RF is the amount of rain fal l; and is T technologica l change. 

4.2.3.2 No n-Agricultural Production Function 

Non agricullUre side of the economy compri ses man ufactu ring and serv ice sector. The 

su pply of this sector is influenced by labour force, capita l stock , avai lab ility of imported 

raw materi als and in termed iate goods, domesti c output of agricu ltu ral raw mater ials( Ya) , 

and technical change(A). Agricul tural output is considered as one determinant to 

manufaclUr ing output since most manufacturing industri es are of agro industri es that take 

agri cultural commodit ies as intermediate and also se rvice sector like hotels and trade 

activ ities use domesti c agri cultural raw materi a ls for thei r business activit ies. In thi s thes is 

agriculture'S leve l of output is considered as one source to measure the supply of domestic 

raw material s. Taking all these factors into consideration the non ag ri cultural producti on is 

spec ified as: 

log YII, = fJ;no -+ /3)111 log KJ1, + /JYn 2log Ln, + fJrnj log Ya + fJJI I.t logNIcp, + fJJ'n o'A, (4.32) 

Where , YII is non agricultu ral output; Kn is cap ita l in non-agri culture; Ln is labo ur force, 

Mcp is imporl of intenned iate and capita l goods. 
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Total output or the economy(Y) is give n as the sum of agri cult ural output and non 

agriculture. 

e 4.33) 

4.2.4 Price Sector 

Pri ce sector allows different sectors of the system to com muni cate and enforce systems to 

reach into eq uili bra. Through price sector producers and consumers interact to keep the 

economy in balance. The price sector contains two behav ioral equations: producer pr ice 

and consumer pr ice. GOP denator is taken as a proxy fo r producer price due to data 

limitation (See Mus il a (2000) , Matali yana(2005) and Akibani and Ou Toti (20 I 0) for 

simil ar treatment). 

4.2.4.1 Producer Price 

Producer price is expected to be determined as a mark up over unit costs in the long run; 

i. e. as mark up over all inputs used for production. The costs incurred are for labour, 

capita l cost, imported raw material costs. Labour cost is measured by wage rate and that of 

imports is measured by the import pri ce in loca l currency. Profi t margins are assumed to 

depend posi tively on th e capacity utili zation (cu) rate. The producer price is specified as: 

logp, = /31'0 + /31" log imp, + /31'2 log wage, + /3rJ logC/l, (4.34 ) 

Where P is the GOP denator; imp is import unit pr ice which is given exogenously; ",age is 

the wage rate. 

4.2.4.2 Consumers Price 

Consumer price is directly in nuenced by producer pri ce and other additiona l factors import 

pr ice , excess demand , exchange rate, and real money balance. Using these argume nts 

consumer price is speci tied as: 

M 2 
log cpi, = /3'1'0 + /3,p, logilllp, + /3,p2 Io gP, + /3,1'] log ED, + /3" ",REER, + /3,p, logp 
Where, ED is excess demand. 
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4.3 Estimation T echnique 

4.3.1 Introduction 

... whatever 'explanalions' we prefer, it is not to be 

/orgo llen Ihal theorelical models are all Ollr own arlificial 

invenrions in a search lor an IInderslOnding 0/ real life; 

they are nOI hidden lruths to be 'discovered '." (Have lmo 

1944 , p. 3) 

T ime se ries data is implemented to fo rmul ate the macro-econometri cs mode l deve loped in 

th is study. Recent macro-econometr ics models ex plai n the work ing o f th e econom y by 

utilizi ng ti me seri es property of macro var iables. Some of th e properties are stat ionarity, 

order of integrati on , and cointegration among vari ables are among other properti es of 

dynamic time se ri es analys is. To apply the standard test stati stics (1- test stati sti cs, F- test 

statisti cs, chi-square statisti cs) for dynamic time se ries models and give the right in ference 

stati onari ty of vari ab les is a prerequi site criteri on. Otherwise, analysis made among non 

stationary variab les may lead to spurious regression which shows contemporaneous 

correlat ions rathe r than meaningful causa l relations that end up with m isleadin g estimators 

and test stati sti cs . 

Fo ll owing Nelson and Plosser (1982), non -stationari ty of a series is de fin ed whether a 

given seri es is mean reverting'S or not; and th ey have identified two fundamenta l c lasses of 

non-stationary process namely trend stationary and d iffe rence stationary processes. Trend 

stati onary (TS) processes consists data ge nerat ing process which can be ex plained by a 

"determini sti c fun ction o f time ca ll ed trend , plus a stati onary stochastic process with mean 

zero". The other c lasses a re d ifference stat ionary (OS) processes w here " first or highe r 

order difference is stationary and in vert ib le ARMA process". In other words OS processes 

exhibit stochasti c nat ure which results in unbounded variance over t ime; bu t TS are 

determ inistic processes which does have a constant variance ac ross t ini e. A nd th e oth er 

difference is on the unit root each of the processes conta ins. TS process contain s a unit roO! 

55 A seri es is said 10 be mean reverting if there is a tendency in the long run to return to its mean 
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in the moving ave rage (MA) pari o f the AR MA process whereas DS has in AR pari. 

Because o f thi s, precaut ion has to be taken whil e test ing the presence of unit root in the 

se ri es and on ident ifying whe th er the ser ies is TS or DS. In the data56 they cons idered, they 

had concluded "economic time se ries do no t conta in determin isti c trend but stochasti c 

trends characte ri sti cs o f the DS c lass o f processes" (Ne lson and Plosser, 1982, p. 152). 

S ince the two processes need d iffe rent techniques to transform into a stati onarity seri es the 

unit root test for the var iab les o f interest has to be done with precaution. Recent techniq ues 

fo r analyzing dynam ic t ime se ri es like co integrati on and erro r co rrec ti on models are 

developed considering such properti es o f data generati ng process; and give a 

representa tion that considers th e long run and sho rt run behav io r o f a mac roeco nomi c 

relationship that ex ists among variables. 

-1.3.2 Tes ts fo r orde r of Integ rati on 

Engle and Granger ( 1987) de fine "a series (X,) with no determini stic component whi ch has 

a stationary invertibl e, ARMA representation after differencing d times is, is said to be 

integrated of order d, denoted X, - I(d). "and remains to have a stochastic trend after d-J 

times di ffere nced (Lutkepohl ,2007).This means the stochastic component o f a seri es is 

removed by differencing d times till stationary series is achieved. If we have a series 

hav ing ord er of integration zero it means a series is stati onary at level and integrated o f 

order one imp lies the seri es is stati onary a fter the firs t di fference. 

From economic poin t o f v iew when order o f integrati on is one it creates an interesti ng 

question since models w ith unit roots shocks have persistent effect that las t forever, whi le 

for the case o f stationary models shocks does have a temporary effec t (Verb ic, 2004) . To 

in vesti gate th e presence o f unit roots in the erro r terms th ere are severa l tests such as 

Dickey- Fu lle r ( 1979) test, Kw ia tkowsk i, Ph illips, Schmidt and Shin (1992) (KPSS test)5?, 

Augmented Dickey Full er(A D F),and Phill ips-Perron (PP) test. In th is paper A ugmented 

56 US data set (sec li st of variables on Nelson and Plosser(1982 ), p.ISI ) 
5i It takes the null the hypothesis that a sen es is stationary. against the alternative of nOIl ~s t ati o narit y. Slllce 
KPSS test have diffe rent data generating process from ADF test the two str ictly nOI comparabl e. ( see Harr is 
and Soli is (2003), p. 42) 
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Dickey Fuller and Phillips-Perron (PP) tes t are implemented. To disc uss test on uni t roo t 

take a data generat ing process given by: 

Y, = P .'" ,_I + II , 

Yo = 0 

U, _ lID(O,a 2) 

(4.36) 

I f one lIere testing the true hypothes is flo : P = Po for 1 Po 1< I, the test would be eas il y 

performed . Run ning the regress ion (4.3 6) , the I-Sla/i sti c P- Po has asymptoti cal ly a 
seep) 

standard normal distribution and can be compared wi th tables of sign ificance po ints for 

N(O , I). In small samples the stati st ic is approx imately 1- di strib uted, although the 

coefficient estimate P is biased downward slight ly. But in the cases where 1 Po 1 ~ I which 

implies no n-stationarity and a situation when at least there is one unit root, test stat isti cs no 

longer holds as the distribut ion of the test stati stic given is not asymptotical ly normal. In 

such a case critical values developed by Dickey (1976) wi ll be implemented. The critica l 

va lues in Fuller's tables are related to three di fferent cases. The first case when equation 

(4.36) is uscd as it is ; secondly when there is a constant term ; and third ly when there is a , . 
consta nt term and time trend in the equation. 

Mathematica ll y it is given as: 

Y, = J.ib + P bYt - t + ut 

Y, = Pe + Ye l + PeYt - t + lit 

(4.36a) 

(4.36b) 

The null hypothesis is that p, = I for i = b , c. The app li cability of each model depends on 

what is known about the DGP. If a test is not simil ar (that is, tests for which the 

di stri bution of the test stati st ic unde r the null hypothes is is independent of nuisance 

parameters in the DGP), then the appropriate criti cal va lues may depend upon unknown 

nui sance parameters (constant and trend terms), which will invalidate standard inferences 

(Banerjee el ai, 1993) . 

Harri s and So lli s (2003) also suggested it is necessary to have a regress ion model that has 

more determ in isti c component for testing purpose than the hypothes ized DGP: otherwise 

the test cannot nest both the nul l and a lt ern at ive hypothesis(see, Harris and Solli s (2003). 

1' .47). For such a reason a DGP ha ving both constant and detcrmini sti c term is suggested 

to be more reli ab le. Mathematically this is give n by: 
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y, = ¢ + I I + II, where (4.37) 

Reparametri zing equation (4.37) gives: 

L1Y, = (¢(l - p)+ Pr) + y(l- p)1 + (p - IK , H, 

So our null hypo thes is wi ll bep= l , ifit ho lds we have L1YI = Y+E, .Thi s impl ies we have a 

trend at a rate of y(l - p) in thc: lternative hypothesis and a drift at a rate y in the null ss 

The Dickey-Fuller test di scussed , 0 fa r above is based on the DGP is AR ( I). but a process 

might have AR(p) thus the error terms in DF test of AR(I) will be auto correlated in order 

to compensate the misspec i fi cat ion of the dynamic structure of Y.Thus the presence of 

autocorre lation in the error terms will in validate the app li cab ility of DF di stribut ion which 

assumes error terms are white noise. Thus assuming Y, foll ows p1h order AR process: 

1, ::::;'l/I}~-l +'I/ : }', -2 + ... +ljI p Y,- p + U, 

and after reparameterizaion we have: 

L1 Y, = 'fI 'Y,_I + 'fI1 L1 Y,_I + 'fI , L1 Y,_, + ... + 'fI p_1 L1 Y, _ p+ 1 + U, 

Lt, - flD(O , (J") 

Where, 'fI ' ='fI, + 'fI , + ... +'fI p - 1 

(438) 

(4.38a) 

In th is case the presence of unit root us done by hypothesizing the null 'fI' = 0 against the 

alternati ve 'fI' < O. This process of testing a unit root is known to be Augmented Dickcy­

Fuller test. In s imilar fashion with th at of DF, a test is undertaken by adding constant and 

determi ni stic trend term; and the model for undertaki ng this test is given by: 

p-I 

L1Y, = 'fI ' Y,-I + I 'fI,L1Y,-i + Jl + yl + u, where u, - IlD(O,(J"') (439) 
1=1 

Where, p is the lag length of DGP (Harris and Sollis, 2003). In order to determine the lag 

length Akaike information criterion is used. 

Another approach of testing unit root is Phi ll ips and Perron (1988) app roach. This 

approach is non parametric and gives an alternati ve test for the presence of uni t root. The 

test sti cks to the DF test rather than add ing lagged first differences so as to captu re the 

presence of aUlOco rrelati on like ADF. Phillips and Perron suggest by- adjusting Dr-­

stati sti cs conside rin g the autocorrelat ion in the error terms is possible to conduct 

58 0 ;111 practi ce, unfortunately , the powers of avai lable unit-foot tests arc low for altcrnati\ es different from, 
but cl ose 10, the nu ll of unity" (see Banerj ee el al ( 1993), p. J 0 1) 

73 



asymp toti c inference with the same distribut ion appl ied fo r OF-test (See Banerjee el al 

( 1993) , Harris and So lli s (2003), Verb ic (2004)). The data ge nerating processes 

implemen ted are based up on three diffe rent regression mode ls li ke Dickey-Fu ll er tests. 

Fo r DG P w ith no consta lll and a constant term th e DGP does have sim il ari ty thou gh the 

error term s are not assumed to be white no ise, whil e the DGP having a constant and 

determ ini stic term is given by: 

Y, = JI , + y , ( I - Y,) + p , Y, I + 1I " ( 4.40) 

,and adj ustm ents are done in s imila r way as Newey and lVest ( 1987) work ( see Banerj ee 

el al ( 1993)59,p. 108- 11 3). 

4.3.3 Coin teg ration a nd E rror correction Mechanisms 

Cointegration analysis is made based on th e equi librium or long run relat!onship th at exists 

among vari ables. 'Classica l' econometri c theo ry ge nera ll y assumed stationary data 

especially considerin g constant mean and va ri ance across time periods. Nevertheless, 

relaying on stationarity assumption and m aking inference induces a seri ous consequence 

where data are empiri cally proved to be non-stationary. To make a proper inference we 

should have a stat ionary data. This can be done e ither by differencing a given seri es or 

creatin g a linear combination amon g th e variables that do not have a un it root i. e. what is 

known as cointegration transformation (Hend ry and Juse lius, 2000 , p. 25). 

Engle and Granger ( 1987) has set two main criteria for components of vectors (series) to 

be co integrated. The first criterion is a ll var iab les should have the same leve l o f 

integration. Secondly, the linear combination of the vectors whi ch is a vector by itself (say 

2, ) must be integrated ofa lower ord er th an the ori g inal variables. 

S ince most economic seri es are illlegrated of order o ne, Engle and Granger concentrate on 

seri es' hav ing order of integration one; and co integra ti on would mean if components of a 

seri es were a ll I( I ),then the equ iii bri um error wou ld be 1(0) and th e I inear combi nation wi II 

rare ly fa r from ze ro. Ifit has zero mea n and th e lin ea r combi nation wi ll oft en cross the zero 

line. Whereas, if series are not coin tega rated then the linear combina ti on of the 

59 .. PP tests may rai I to be consistent against some stationary ahernati vc hypotheses (Stock and Watson 
1988 b)" (see Banerj ee el al (1993), p.t I9) 
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com ponents can wander wide ly and ze ro- crossing would be very rare which suggests 

equi librium concept has no prac ti ca l implicati on (Engle and Granger, 1987). The 

techniq ues suggested to estimate the long run relationship among va ri ab les in a given 

economic relati onship for th is stu dy are of two types: Engle-Granger method, and the 

Au toregress ive Distributed Lag (ARDL) Bounds Tests Approach. 

4 .3.3.1 The Engle-G ranger (EG) Approach 

Coi ntegrat ion analysis acco rd ing to Engle-Granger (EG) is a t\\ O step procedures which is 

in line wi th the definit ion of co in tegration. In the first procedure the order of integerat ion 

of the variables is determ ined. Secondl y ass uming there is some dynami c relationship that 

links the J(I) s~ri es (X,) and (J~) static coi ntegration regression is esti mated using OLS6o 

given by: 

Y,=(JX,+c, (4.4 1) 

If Y, and X, are cointegrated the error term is 1(0); otherwise c, wi ll be /( 1). Thus the 

presence of cointegartion can be tested by mak ing a unit root test on the OLS res iduals ~I 

found in (4.41). To perform thi s test, run a regress ion of: 

(4 .42) 

and then test a null hypothesis of rp = a (unit root) or no co integration us ing MacKinnon 

(199 1) criti ca l va lues as a test stat isti c.61 And another alternat ive tests for cointegrat ion is 

the cointegrati on regress ion Durbin-Watson test (CRDW) proposed by Sargan and 

Bhargava (.I 983) which is based on the standard Durbin- Watson (DW) stati stic obta ined 

from a regress ion involv ing (4 .41 ), known to be "the uniformly most powerful invariant 

test " because the test is not affected by a trend entering in (4.41). Thi s test's criti ca l va lue 

is fo und to be applicab le when ~I follows a first-order process (i.e. , there is no higher-order 

60 This is because of sLJperconsislcncy propeny i.c. as the sam pl e size inc reases the est.immc value of non 
s tationa ry se ries converges to the trlle parameter much fas te r rate th an from the cOllventional asymptotic 
property. 

" The c ritI cal values or upper quin liles of the di stri buti ons ca n be ca lculated us ing 

ClP) = CD ,,) + cDtr - 1 + (1)2[-2 where T is the number of sampl e observations taken and other parameters 

are ca lcul ated based on the number o f variables considered and computed from s imulation results. 
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resid ual autocorrelation) and thus CRDW test is generall y not a suitable test stati stic ( see 

Verb ic (2004); Bane,jee ef al (1993); Harris and So llis(2003))62 

En gle and Gran ger ( 1987) has shown that co- in tegratcd series can be represented by error 

correc tion models using the Granger representation theorem. And al so the converse holds; 

if an f(l) series are generated by the error correction mode l, then the seri es is necessarily 

cointegrated. In other words, (Hendry and Juselius, 2000) explain this relationship as 

"EC Ms and cointegrat ion werc actua lly two names for the same thin g: co integrat ion entail s 

a feedback involving the lagged leve ls of the va riables, and a lagged feedback enta il s 

co i n1 egration. ,,63 

Once a co integrating relationship exists among seri es of variables a typical error correction 

mode l (ECM) representation can be given. To formulate the ECM, following simple 

dy namic model of short-run adj ustment autoregressive dynamic lag model given by ADL 

(I, I): 

Y, = 90 + 9,X, + 9,X,_, + <p,Y,- , + (, (4 .4 3) 

We can derive the ECM by reparametrizing equation (4.43) .First by subtracting Y, -, 111 

(4 . ~3) in both sides and then add and subtract on 90XH on the right-hand sides we get: 

( 4.43a) 

And finally if we add and subtract (9, - l)X,_, on both sides we have 

(4.43b) 

or as an alternat ive if we add and subtracted K, = (9, + 90 )X, _, on both sides of the 

equation 

( 4.43c) 

6: seven tes t stati sti cs is proposed for testing the null of r lOn ·co~j ntegrati o n aga inst the alternative of co­
integration in Engle and Granger ( 1987)( sec p.265 ':~.70) 

b.' Banerjee el 31 (1 993) has also shown if two seri es are coi ntegrated by the Granger Representation Theorem 
the seri es must ha\ e vecror autoregressive, error-correcllon. and moving-average represen!a!lollS (p. ! 53-
( 57). 
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All equat ions included slilrl ing from (~.43) up to (4.43c) tell same relationship where one 

is derived from the other. The terms (1,-1 -X,_I) or (1,-1 - K,X,_,) in (4.43b) and (4.44c/' 

respect ive ly represen t the disc repancy and the coefficient ('P, - I) on these terms can be 

taken as a measure of the speed of adjustment (short-run adj ustment) of Y to a discrepancy 

between Y and X in the previous period and the coefficient 90 measures the shorl run 

adjustmen t. And we call equations given by (4.43a, 4.43b, 4.43c) as error correcrion · 

models (see Baneljee ef ,, / (1993), Harris and So lli s(2003 ». 

For the error correction model (4.43c) or (4.43d), we have 61" 6X, ,S, are /(0 ) , so far the 

model rema ins stat ionary there are two poss ible opt ions. The first is ('P, - I) = 0 and 

('P, - I) = 0 , it implies there is no adjustment and Y, does not return to equilibrium, rather 

it drifts as non stat ionary variable. But if ('P, - I);t 0 then the "equil ibrium error" given by 

(Y,- I - K,XH ) is a stationary auto regress ive process (Hendry and Juselius, 2000). Hence, 

once we have known co integati ng vectors (I, - K,)' and all terms in (3.43d) are /(0) , then 

we can est imate the equation using standard OLS technique. And the long run relationship 

is given using equation (4.4 1) and short run dynamics can be given either by (4.43b) or 

(4.43c). And we can derive a generalized error-correcti on model (EeM) for higher number 

of variables and it can be given as: 

III 11 

6 Y, = 'Po +('P, - I )(YH - K , 2,_I)+ I 9 y,6YI-/ + I 9 2162,_, +S, (4.44 ) 
;= ) ;=1 

Where, Z refers to the set of exogenous variab les that are included in the equation. 

Although EG procedure is used extens ive ly in empirical applicat ions65 it has cr iticism due 

to the assumption of existence of a unique coin tegrating vector. When there exs ists more 

than one explanatory va ri ab le the most recommended procedure is that of Johanson (1988) 

which is based on VAR analysis. 

6.l Th e Icrnl acts as "allractor" towards which the system converges when there is a divergence from it due to 
non -stationarity ( due to s(Qchastic trends) 
05 ~vl ost of the models rev iewed in the empi rical secti on have appli ed EG procedu re. 
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-1.3.3.2 Auto reg ress ive Distributed Lag Bounds Tes ts Approach 

This approach is pioneered by Pesaran and Sh in (1999). This st ud y uses Au to regress ive 

Dist ributed Lag (ARDL) Bounds Tests Approach for some of the estimab le equations. The 

ap proach considers both the dependent and independent vari ab les and their lags in the 

esti mabl e equat ion. The term "au toregress ive" refers to lags of the dependent vari able and 

"distr ibuted lag" to the lag o f regressors. 

ARDL method is considered for thi s study because of its advantage over the other 

methods. It gives us consistent estimate for long run coeffic ient s that are asymptoticall y 

no rmal irrespecti ve of whether the underl ying reg ressors are 1(1) or 1(0) or mutua ll y 

co integrated. Thi s means it helps us to make inference in the absence of same leve l of 

in tegration fo r the se ri es that are considered in the mode l but the variab les considered 

shoul d be integrated of 1(1 ) or I(O)(Pesaran et ai, 200 I). 

ARDL approach can be illustrated using an example for basic equilibrium specificat ion for 

real effecti ve exchange rate equation specified in thi s thesis. The long run equation used to 

estimate the real effecti ve exchange rate given in equation (4 .1 9) is: 

log REER, ~ fJRRO + fJRlll log Tot, + fJRR' log F, + fJRR) log Open, + fJRR ' log ExDC, + fJRR,D uIII IIIY 

Foll owing Pesaran et al(2 00 I )the ARDL representation of th is model IS given by : 

I/J 11/ 11/ 

!1 logREER, = fJlU". + "IfJ1Yld !1 logREElL + "I fJllIIc,!1 10gTot' _i + "I fJlU/c)!1 log F,-i + 
i=l /=0 i=O 

m m 

"IfJlUlc,!1 log0peI1H + "I fJIIII£,!1 log EdX;,_, + fJWIO 10gREER, _, + fJwll log7ot'_1 + 
1=0 i=O 

(4.45) 

The presence of long run relationshi p among the vari ables under investi gat ion is tested by 

means of bound testing procedure des igned by Pesaran et al (200 I). To undertake this test 

ARDL model which is sometimes call ed conditional error correction model is estimated 

and a test using the non standard F statistics prepared by Pesa ran el at (200 1) will be made. 

To test the presence of co integration alllong the vari ables a joint signifi cance test on the 

nul l hypothesis (Ho :fJIIIIO = /311111 ~ fJm" ~ fJm" ~ fJIIII, = 0) which im pli es no cointega rtion is 

done as a first step. The non standard F stati stics has ca lcul ated two sets of cri tical val ues 
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for a given signilicance level by assum ing if a ll sets are I (0) and the other one if all sets 

are ( I) . Thi s bound test hence gives us three possibilit ies. These are: first if the F-s tati sti c 

fall below a lower criti ca l value then the null hypothesis cannot be rejected; second if the 

F-s tat istic fal l between the two bounds then the result will be inconc lusive; and third if the 

F-statistic is above the upper bound it implies the presence of long- run relationship. 

Once the existence of long run relationship is confirmed, the long run equ at ion and the 

short-run dynamics or error correction model s can are esti mated from the ARDL model 

se lected. The long run re lationships are est imated by tak ing the ARDL model chosen and 

the residual found from the long run equation will be the equ ili br ium correction tenn. In 

similar fash ion to the Engle- Granger two step proced ure, the short run dynamic or error 

correct ion mode l will be est imated. 
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5 Empil-ical Analysis 

This chapter first discusses stati stical propert ), of variables considered for the estimable 

equations regarding the presence of unit rool. Nex t, we estimate the structura l equations 

discussed in the previous chapter, conduct diagnostic checks and provide economic 

in terpretation; the third section focu ses on the track ing performance of model and the final 

section dea ls on counterfactual s imul ations. 

The es timation technique implemented for the study is based on Engle-Grange r two-step 

procedure and ARDL technique. Ana lysis is given for both long- run and short run 

adjustment processes that ex ist among variables. 

5.1 Statistical properties of Individual Series 

To uncover the problem that resu lted from the non-stationarity property of time series, 

making an explorat ion on the behavior of individual time series data is very useful. In 

doing so, two ways of testing presence for a unit root, ADF and PP test, are implemented. 

Most of the variab les under investigation are found to be integrated of order one and 

capita l stock used for both agriculture and non agriculture are found to be the only 1(2) 

variables. Table (5.1) and (5.2) give tests for the order of integration results for level and 

first difference of the variables wh ich are considered to model the subsystem models that 

will deli ver the fu ll model by so lving simultaneously . 

Table 5 I ' Order of inteoration for variables at level -0> ' 

Lags 

\: for 
Series Model ADF ADF pp 

LINT Intercept and Trend 0 -2.3841 -2.46 
Intercept 0 -2.0093 -2.03 56 

None 0 -0.1882 -0.143 
LOG CONS LOAN Intercept and Trend 0 -0.7277 -0 .833 

Interce pt 0 -1.8722 -1.8652 
None 0 2. 1613 1.9250 

LOG DC Intercept and Trend ' .1 -3.3176* -2.0928 
Intercept 0 -0.2935 6.7786 
None 0 6.469 1 6.7786 

LOG ocr Intercept and Trend I -2.8626 -2.003 I 
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Lags 
for 

Series Model ADF ADF pp 

LOG DCP Intercept 0 -2.8626* 0.7972 

None 0 4.2497 4 .2497 

LOG EXCESS DD Intercept and Trend 0 -2.4981 -2.5378 

Intercept 0 -0.6259 -0.4 I 98 

None 0 1.2665 1.6662 

LOG FRAID Intercept and Trend 0 -2.4689 -2.4 12 1 

Intercept 0 0.2967 0.6846 

No ne 0 2.063 I -2.6272*** 

LOG GDPN Intercept and Trend 0 2.067803 1.0639 

Intercept 0 3.9901 2.6935 

None 2 1.5957 4.6676 

LOG GO VT EX PC Intercept and Tre nd 0 -2. 5907 -0 . I 867 

Intercept 0 -0.29 75 -0. I 866 

None 0 4.4869 4.9934 

LOG IMPT Intercept and Trend 0 -0.6806 -0 .73334 

Intercept 0 1.74022 I. 74022 

None 0 5.7346 5.6329 

LOG LAGAF Intercept and Trend I -3 .24 I 6* -4.2075** 

Intercept 0 2.35 I 8 2.35 I 8 

None 0 36.8 132 32.4643 

LOG LNAGG Intercept and Trend 0 -2.0057 -1.8918 

Intercept 0 3.3478 2.5148 

None 0 29.4837 19.8296 

LOG NFC I Intercept and Trend 0 -5.2 I 29*** -5. 2 100**' 

Intercept 0 -1.7619 - I .4326 

None 1 0.9389 1.8 I 59 

LOG OPEN Intercept and Trend 0 - 1.6593 * - 1.749 

Intercept 0 -0.9 149 -0.99866 

None 0 1.2317 1.1705 

LOG P Intercept and Trend 0 -0.8906 - I .2964 

Intercept 0 1.8288 1.6877 

None 0 4.9335 4 .5752 

LOG RA IN Intercept and Trend 0 -3 .9902** -3.9262** 

Intercept 0 -4. 0 890 ** ' -4. 0299* ** 

None 2 0.3026 0.24 73 

LOG RC P Intercept and Trend 0 0. 2566 0. 5727 

Intercept 10 2. I 53 2.8 179 

! None '0 3.29 I 5 3.0934 

LOG REERIINV Intercept a nd Tre nd I - 1.9632** - I .6235 

Intercept 0 -0 .9833 - I.I 234 
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Lags 
for 

Se ries Model ADF ADF PI' 
No ne 0 0.4334 0.3445 

LOG RGD P Intercept and Trend 2 0.9476 0.3808 

Intercept 2 2.6777 3.468 

None 0 3. 1989 3.178 1 

LOG RIG Intercept and Trend 0 -2.5029 -2.6267 

Interce pt 0 - 1.1598 -1. 1041 

None 0 2. 144234 2.9225 

LOG RIP Intercept and Trend 0 -4.0448** -3.8765** 

Intercept 0 -0 .8491 -2.418 

None I 0.494677 0.7 166 

LOG RMICPI In tercept and Trend 0 -4.4463*** -4.5886*** 

Intercept 0 -1.2076 - 1.1 798 

None 0 1.8839 2.7892 

LOG RM2CPI Intercept and Trend 0 -2 .11 55* * -2.2536 

Intercept 0 -0.657 -0.6586 

None 0 3.2759 3.2759 

LOG RM CN Intercept and Trend 0 -2.2931 -2.2093 

IntercejJt 0 -0.4527 -0. 1846 

None 0 1.7152 2.5998 

LOG RMCP Intercept and Trend 0 -4 .2191** -2. 13 19 

Intercept 0 -3.6155** 0.4773 

None 0 -2.6272*** 3.26 16 

LOG RQMICP I Intercept and Trend 0 -2.0 138 ** - 1. 9578 

Intercept 0 -0.4619 -0 .3458 

None 0 1.8719 2.1272 

LOG RX Intercept and Trend 0 - 1.7642* - 1.8647 

Intercept 0 -0.5316 -0 .5 134 

None 0 1.5331 1.9607 

LOG RYAGG Intercept and Trend 0 - 1.359 - 1.021 3 

Intercept 2 2. 111 5 2.2982 

None 0 1.8384 -2.6272*** 

LOG RYDN Intercept and Trend 2 0.9662 0.378 

Intercept 2 2.8682 4.4949 

None 0 3.5476 3.2332 

LOG RYNAG Intercept and Trend 0 0.4886 0.4886 , 
, Intercept 0 2.7246 2.4204 , 

None I 2.7482 4 .2324 

LOG RYROW Intercept and Tre nd 0 -1.7 178 -1.5348 

Intercept , 0 -2 .7079* -4 .8122*** 

No ne 0 10.913 9.7 191 
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Lags 
for 

Series Model ADF ADF pp 

LOG TOT In tercept and Trend " -2.8825 -3.3322' , 
Intercept 0 -1.0475 -0.8563 

None 0 -0.9983 -0.9983 

LOG TR Intercept and Trend I -1.673 -1.3497 

In tercept 0 1.0872 1.0435 

None 0 6.3034 6. 12 12 

LOG TSDEP R Intercept and Trend 0 -2.3618 -2.4289 

Intercept 0 -2.5906 -2.6451* 

None 0 -0.55 17 -0.5283 

LOG WAGE Intercept and Trend 0 -2.8407 -2.84 15 

Intercept 0 -0.0148 -0.1683 

None 0 1.1295 1.0063 

LOGBEX Intercept and Trend 0 -2.7368 -2 .8408 

Intercept 0 -0. 7635 -0.3253 

No ne 0 1.23 16 2.2337 

LOGCPI CSAAD Intercept and Trend 0 -1.5356 -1.9644 

Intercept 0 0.0059 -0. 1456 

None 0 4.0114 3.3587 

LOGCU Intercept and Trend 2 1.1625 0.693 1 

Intercept 2 2.2758 2.0095 

None 0 1.4881 1.488 1 

LOG INVTOGDP Intercept and Trend 0 -3.5044' -3.4358' 

In tercept I -1.0238 -1. 5557 

None I -0.5893 -0.8739 

LOGMUV ITT Intercept and Trend 0 -3.0204 -2.9865 

Intercept 0 -1.2769 -1.3862 

None 0 2.3667 2.7906 

EXCREDITF Intercept and Trend 0 7.24 15'" -7.12473**' 

Interc"]Jl 0 -7.35 149'" -7.2263'** 

None I -2. 111 35" -5.0824*** 

IN FL Intercept and Trend 0 -4.99 13*" -4.9772' " 

Intercept 0 -5.07895'" -5.0651 ,,* 

None I -3.78224'" -3. 8304* ** 

LOG KAGG Intercept and Trend I 4.6 146 4.6146 

Intercept I 2.6618 4.0749 

None 1 1.5862 11.81 77 

LOG KNAGG Intercept and Trend 0 4.6 146 4.6 146 

In te rcept 0 2.6617 4.0749 

None I 1.5684 11.7209 
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The (*) , (**) and (***) shows the test is signi ficant at 10.5 and I percent leve l. 

For !\Df and PI' test when both Constant and Trend terms are included the Mack innon 

crit ica l val ues are -3. 1983, -3.53 30 and -4.2192 fo r 10, 5 and I percent significance leve l 

respectivel y. The crit ica l va lues are -2.609 1, -2.94 1 I I nd -4.2 191 for 10, 5, and I percent 

significance leve l when a constant term is included. If neither a constant nor a trend is 

included Mackinnon critica l va lues are - 1.6 11 5,-1 .9499,-2.6272 at 10, 5 and I percent 

significance level respecti ve ly. 
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Table 5 2' O rde r of inteora ti on fo r Di ffe renced variable 

Lags 
for 

Se ries Model ADF ADF pp 

6 L1NT Inte rcept and Trend 0 -6 .54561 *** -6.5456*** 

Intercept 0 -6.6425*** -6.6425* * * 

None 0 -6.7224*** -6.7224 * * * 

6LOG CONS LOAN Intercept and Trend 0 -5.7352*** -5.7224 * * * 

Inte rcept 0 -5.3600*** -5.3600*** 

None 0 -4 .6307*** -4 .6812*** 

6LOG DC Intercept and Trend 0 -7.0504*** -6.93 36** * 

Intercept 0 -7. 1233*** -7.0054*** 

None I -1.5565 -4 .1785** 

6LOG o c r Intercept and Trend 0 -5.7201 *** -5 .73 69*** 

In tercept 0 -5 .3997*** -5.4423 *** 

None I -4.23 13*** -4.3953*** 

6 LOG EXCESSDD Interce pt and T rend I -6.8425*** -7.40 189*** 

Intercept 2 -3. 11 83** -7.43 15*** 

None 2 -3. 11 83 -6.8824*** 

6LOG FRA ID Intercept and Trend 0 -8.1339*** -8.1339*** 

Intercept 0 -7.9 11 03 -7 .9105*** 

None 0 -6.9898*** -6 .9309*** 

6LOG GDPN Intercept and Trend 0 -3.8452* * -3.9708* * 

Intercept I -1.0463 -3.09886** 

None I 0. 1067 -1.0895 

6 LOG GOVTEXPC Intercept and Trend 0 -6. 1478 *** -6.2063 * * * 

Intercept 0 -6.2367*** -6.3055*'* 

None 0 -4.1858** -4.3254*** 

6LOG IMrT Intercept and Trend 0 -5.7359*** -5.7359* * * 
Intercept 0 -5.3342**** -5 .3805*** 

None I - 1.4761 -3,·B98*** 

6LOG LAGAF Interce pt and T rend 0 -4.6746*** -4.5 911 .** 

Intercept 0 -4.3444*** .4.33 87* ** 

None 2 -0.102 1 ·020612 

6LOG LNAGG Intercept and Trend 0 -4.4439*** ·4.64 18 *** 

lJ1l ercept 0 -3.4475*' -3.56275 ** 

None I -0.303 -0.6617 

6 LOG NFCI Intercep t and Trend 0 -9.4575**' -18.861**' 

Intercept 0 -9.5688*** -1 7. 159*** 

None 0 -9.4255*** -\0.523*** 
6LOG OPEN lJ1lercept and Trend 0 -5.4499*** -5 .4505*** 

Intercept 0 -5.5335'*' -5.5335*** 
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Lags 
for 

Series Model ADF ADF PI' 

None 0 -5.3676'" -5.4008**' 

L'lLOG P Intercept and Trend 0 -5. 1081'" -5.1070'" 

Intercept 0 -4. 79 18'" -4.78 19'" 

None 0 -3.2078' -3.3794' 

L'lLOG RAIN Intercept and Trend I -7.7399' " -9.2697'" 

Intercept I -7.8389'" -9.2919'" 

None I -7.9451'" -9.4903'** 

L'lLOG RCP Intercept and Trend 0 -5.5228'" -5.4975**' 

Intercept 0 -4.9656'" -4.9757'** 

None 0 -4.0977" -4.0996'" 

L'l LOG REER IINV Intercept and Trend 0 -4.3209'" -4.2019" 

Intercept 0 -4 .3873'" -4.2752'" 

None 0 -4.4330'" -~.3399'" 

L'lLOG RGDP Intercept and Trend I -6.1258'" -5.3985** ' 

Intercept I -5.2252'" -4.8 11 3'** 

None 2 -1.7065' -4.0284'" 

L'lLOG RIG Intercept and Trend 0 -5.3595'" -5.4889'** 

Intercept 0 -5.4339'" -5.5993'" 

None 0 -4.9895'" -5.0032'" 

L'lLOG RIP Intercept and Trend 0 -12.3818'" -37.9839'" 

Intercept 0 - 12. 1969'" -14.1734'" 

None 0 -12.3051"- -14.1481'-' 

L'lLOG RMICP I . Intercept and Trend 0 -10.8555" , -1 1.7375'" 

Intercept 0 - 10.7762'" -11.5543'" 

None 0 -9. 1082'" -8.5343'" 

L'lLOG RM2CPI Intercept and Trend 0 -5.6786'-- -5.6786"-

Intercept 0 -5.7746'" -5.7746**' 

None 0 -4.6570' " -4.685 1 "" 

L'l LOG RMCN Intercept and Trend 0 -7.4583-'- -7.62 17'*' 

Intercept 0 -7.5206' " -7.6 107'--

None 0 -6.8766' " -6.8482**' 

L'lLOG RM CP Intercept and Trend 0 -4.2268 '" -6.9267'" 

Intercept 0 -3.6210'" -6.543 1"-

None 0 -2.6289-** -5.6259-'-

L'l LOG RQM I CPI Intercept and Trend 0 -7.2984"* -6.7053'" 

Intercept 0 -7 .35 18'" -7.3607'" 

None 0 -6.7402'" -6.7053'** 

L'lLOG RX Intercept and Tre nd 0 -5.44 18--- -5.5309*" 

Intercept 0 -5.4839'" -5.2211'" 

None 0 -5 .260 1 '" -5.5309'** 
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Lags 
for 

Series Model ADF ADF rp 

L1LOG RYAGG Intercept and Trend I -7.1827*** -8.9 176*** 

Intercept I -6.3289*** -5.6849*** 

None I -5.50 12*** -5.3167*** 
L1LOG RYDN Intercept and Trend I -6.1653*** -5.4265*** 

Intercept I -5.11 70*** -4.6301*** 

None 2 -1.6018 -3.9251 *** 

L1LOG RYNAG Intercept and Trend I -4.5815*** -4.5816*** 

Intercept I -3.913 9*** -3.87 11 *** 

None I -2.690-1 *** -2.6149** 

MOG RYROW Intercept and Trend 0 -4 .5972*** -5.3958* ** 

Intercept 0 -4.060-1 *** -3 .7391 *** 

None 0 -1.93 -1-1 *** -1.6618' 

L1LOG TOT Intercept and Trend 0 -6 .8536*** -6.85361 *** 

Intercept 0 -6.9563** ' -6.9563* ** 

None 0 -6.8089*** -6.8898** * 

L1 LOG TR Intercept and Trend 0 -4.6665*** -4.4915*** 

In tercept 0 -4.5893*** -4.4425*** 

None 0 -2.7754*** -2.7754*** 

"'LOG TSDEPR Intercept and Trend 0 -6.8396*** -6 .88747*** 

Intercept 0 -6.7995*** -6.84 10* * * 

None 0 -6.8813*** -6.9272*** 

L1 LOG WAGE Intercept and Trend 0 -5.4860*** -5.4844*** 

Intercept 0 -5.32 56*** -5.3 154*** 

None 0 -5.21 66* ** -5.2554 ** * 

L1LOGBEX Intercept and Trend 0 -6.3 920*** -5.3358*** 

Intercept I -6.4 579*** -5.5404*** 

None I -4.68 73 *** -4.485 1 *** 

L1LOGCr l CSAAD Intercept and Trend 0 -4.84-16*** -4.8212 *** 

Intercept 0 -4.9373 *** -4 .9 168* ** 

None 0 -3.6679*** -3.7052*** 

L1LOGC U Intercept and Trend 0 -6.1 748*** -5.4901 *** 

Intercept I -4.9920*** -4.6908** 

None I -4.62 19*** -4.621 9* ** 

L1LOGINVTOGDP Intercept and Trend 0 -9.22-15*** -9.6724*** 

Intercept 0 -9.2 455 *** -9.299 1 *** 
, None 0 -9.3 399*** -9.1648*** I 
! L1LOG MUVITT Intercept and Trend 0 -6.7753 *** -7.0269*** 

Intercepl 0 -6.7809** * -6.9103*** 

None 0 -5.6870*** -5.6847* ** i 
I "'LOG KAGG Intercept and T rend 0 -2.69-16 -2.5778 
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Lags 
for 

Series Model ADF ADF pp 

Intercept 0 1.2952 -1.1786 
None 0 -0.6 139 -0.8236 

L'.LOG KNAGG Intercept and Trend 0 -2.6946 -2.5778 

Intercept 0 1.2952 -1. 1786 
None 0 0.6139 0. 8236 

(*), (**) and (***) shows the test is significant at 10,5 and I percent level. 

For ADF and PP test when both Constant and Trend terms are included the Mackinnon 

cr it ica l values are -3.2003, -3.5366 and -4.2268 for 10, 5 and I percent signi ficance leve l 

respective ly. The critical values are -2.6102, -2.9434 and -4.2268 for 10, 5. and I percent 

s igni fi cance leve l ,,·hen a constant term is included. If neither a constant no r a trend is 

included Mackinnon critical values are -1.6 11 3,-1.950 I ,-2.6289 at 10, 5 and I percent 

sign ificance leve l respectively. 
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S.2 Es timat ion Result of St ructural Equ a tions 

S.2.1 Agg regate Demand 

5.2.1.l Real Private consumption 

The long run relati onship of private consumption is determined by the level of real 

disposab le income, real wea lth (RM2), interest rat e, and in flat ion which is give n by th e 

consumer price index (epl). The estimab le equation revea ls that a ll the variables 

conside red except interes t rate are found to be statist ically signifi cant in affecting the real 

private consumption in the long run . And the long run equat ion is given by: 

10gRCp=0. 11 + 1.04 10gRl"'- 0.10610gRkf2+ 0.0310g cpi + 0.088 D91 - 0.06 D99 
(269) '" (-5 .46) ••• (1.89) ' (H2 ) • •• (':U8)" 

-' R = 0.99 8.£=0.03 DW= 1.71 T= 39( 1970-2008) 

From the long run relat ionship, rea l disposable income and inflation affect the real private 

consumption positive ly; whereas rea l wealth has a negat ive effect. The other two im pu lse 

dummies 091 for regime shift between the present and pre- 199 1 reg ime has a positive 

influence . 099 dummy captures the effect of the brunt of Ethio-Ereteria war on the rea l 

pri vate consumption and it negatively affected rea l private consumpti on. The long run 

relationship shows a I percent increase in the real di sposable income and inflat ion leads an 

equi va lent in crease of about 1.04 and 0.03 percent increase in the rea l private consumption, 

respective ly, other thi ngs rema in ing equal. The result of long run consumption equation 

shows households consume their current income. And also, fo r household s to increase their 

wealth by I percent they have to scarify 0.11 percent of their consumption. That means 

there is crowd ing out effect between consumption and wea lth accumulati on. 

After est imati ng the estimab le long run equation the res idual is checked whether or not the 

linear combinat ion among variables is stationary or not. The AOF stat istics for the res idual 

found from the long run relat ionship is fou nd to be -5.2 15 and the Mackinnon crit ical 
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stati sti cs66 is compared with the Mack innon response surface va lue -4 .38 fo r fi ve percent 

level of s ignificance and thi s leads us to reject the nu ll hypothes is of no cointegration. 

Once the long ru n re lationship is att ested, the short run dynamics is shown by the Error 

Correcti on Model (ECM). Afte r the ECM is estimated res idual s fo und are checked for the 

relevant di agnostic test. The error correction mode l and the diagnosti c test for the rea l 

pri vate consumpt ion is given as: 

"' logRCp = 0.86 ", log Ryd - 0.09 "' log RM2 + 0. 11 l'> logcpl + 0.057 09 1 +0.068000 - 080 "_I 
(5856 ) ' " (-9.37) '" (11 79) '" (8 95)' " (11) '" (2 152) ' " 

R = 0.99 S.E = 0.005 DW = 1.62 T = 38 ( 197 1 - 2008 ) 
, 

X : (2) = 1.3 4 (0 .5 1] 

1" = 1 1. 6 (0 .4 7] 
/I., hi>' 

x :, ( 1) = 0 .04(0. 85 ] 

A RC H (I )= 2 .4 7 [0. 12] 

, 
1" (2) = 0. 15 (0.9 3 ] 
A, " , 

1"( 1)= 1.73 (0 . 19 ] 
A, rr 

Real di sposable income, inn ation and real wea lth affect private consumpt ion in the shon 

run adj ustment process in sim i lar fas hion to that of long run. The coefficient of the lagged 

residual shows the dynamic adjustment of the long run equi librium path and it is found to 

be significant with expected sign. The coeffi cient of the lagged residual tell s us any 

di sequ ilibrium created in the rea l pri vate consumption is reverted back to the long run 

equilibrium wi th less than one and hal f year or within a given year about 80 percent of the 

disequilibrium that occurs in the prev ious year clea rs. 

All re levant diagnostic tests have been conducted. In all equations constructed t, ratio are 

-' reported in parenthes is, adjusted R-squared by R , Sta ndard error of regress ion by S.E , 

Ourbin- Watson stat isti cs by OW and period of observations included after adjustment by 

T is a lso reported. 

For the error correct ion model, the res id uals are checked for the fo ll owing diagnostic tests: 
, 

( I) normali ty is checked using Jarequ e-Bera(X ' ); seria l corre lati on (X ) using Lijung 
" K 

Box Q ; heteroskedasti ci ty test using white test (X:) and Lagrangian multi p li er(LM) test 

66 Calcu lated by inserting to th e ivl ackinnon reponse surface val ue formul a and taki ng only with conSlant 

g Ives (-4.1-t- - I O. 7~ 5/40+ -2 1. 57/(40)2 = -4.3 8). The Macki nnon surface values are taken from 

Harr is( 1995) Tabl e A.6 
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; Auto regressive conditiona l heteroskedastic ity (ARCII ); Misspcc ificat ion test lIslng 

2 
regress ion spec ifica tion error test(RESET) (X ) ; and stabi lity of the paramete rs is 

IT 

checked using the cum ulati ve sum of the recursive res idua ls (CUSU M) and cumulati ve 

sum of squares or the recursive res iduals (CUSUM squares). 

The diagnostic test shows that the model has passed all the tests. The parameters are found 

to be stab le for the period of the samp le stud y and it is tested using the recurs ive sum and 

sum squares and it is found that the test stati stics lay within the 5 percent criti ca l lines 

suggesti ng that the parameters are stabl e as shown in fi gure 5. 1 below. 

''' .. ~~~~~~~~~~~--, 
" 
" 
" 
"+--~~~~~~~~~~~-::l 

." ~-------~~ 
-'"'. -

. ,. 

... .,-~~~~~~~~~~~~--, 

" .. 
"+~~~~~~~~~~~~--1 ............ 

CU$UM or Squ. ,.. . $% Sill"i l canc.! 

Fi gure 5.1: Parameter stability test for pri vate consum ption 

Interest rate which has been included in the model spec ification is found to be insignificant 

both in the long run and error co rrection model hence it is removed from the rea l private 

consumption behav iora l eq uation. That means interest rate does not have signi fi cant effect 

on private consumption at least in sample period considered for the stud y. 

5.2.1.2 Real Private Inves tment 

Demand fac tors that affect private investment include real GOP and capacity utili zat ion 

and both have a positive and significant impact on pri vate in vestment. Supp ly s ide factors 

include ava il abi li ty and cos ts of fi nancing measured by credit and lending interest rate, 

respectively, and have positive and sign ificant effect. Thi s result supports Macknnion and 

Shaw ( 1973) hypothesis which argue cost of credit is not what matters rat her its 

ava ilab il ity especiall y in developing countri es such as Eth iopia. Striking ly, investment 

undertaken by the public investment has negatively affect pri va te investment , suggests 
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crowding out c ffec t and innation, measure of uncertainty, has a ncgati ve effect on the 

development of priva te investment. 

log/Up = 0.458 log RY + 0.875 Iogcu+ 0.634 log Dcp- 0.2631ogIg 
(2.'160 ... ) (1.96.\ oJ (5.39·' "' J (- 1.754·J 

+ 0.064 i - 0.898 log cpi- 1.016 082 - 1.017 084 + 0.828 092 
(3 5IS "') (-1.579 ... ) (-4 1'10 " ' J (-4 .333 '''J (3172 "'J 

2 

R = 0.S7 S.E = 0.22 DW= 2.01 T= 39 ( 1970 - 200S) 

The impulse dummy DS2 renects the negati ve effect of the nationali za tion policy wh ich 

was undertaken by the military reg ime; dummy DS4 indicates the period where the lowest 

capaci ty utili zation rate the country has ever faced due to drought within the sample 

period. Dumm y D92 having a positive effect ,a renect ion of the privatization and other 

reforms programs commenced by the existing regi me. 

Before producing the ECM, the residuals found in the long run re lationship have an ADF 

va lue of -6.05 to test whether there is no cointegration among the variab les considered and 

the test confirms to reject the null hypothes is of no integration 67 The error correction 

model is presented as : 

t:.. log /Up = -0.566 6 10g IUp( - I) + 1.595 6IogRY(- I) + 1.497 t:.. logclI + 0.555 6 10gDcp - 0.0366Iog/g(- I) 
(-4.502 "' ) (1.S29) (1.840 ' ) (1.836') <-0. 11 2) 

- 0.0426i- 1.330 Mr- 1.223 082 + 0.809 D92 - 0.663 &(- 1) 
(- 1 23 1) (-3. 111" ' ) (-3.920 "') (2 .41 2 " ) (-2.296 " ) 

R = 0.7 1 S.E = 0.29 DW= 1.74 T= 37 ( 1972 - 2008) 
l l l X ,,(2) = 5.09[0.08) X ,,( I) = 0.66[0.42) X (2) =4.75[0.093) 

" 
l 

X ' = 9.75[0.46) 
UGh~l 

ARCH(I)=5.69[O.058) X ~( 1 )=4.04[0.04) 

FI/ESEr (I, 26) = 3.00[0. 10) 

l 

Where , X Do.w stands for Breush- Pagan- Godfrey hetrosckedast icity test68 

In the short run , the level of income, capacity ut ilization, domestic credit and inflati on have 

similar effects like that of the long run . However, pub lic investment and interest rate are 

found to be insignificant in affecting private investment in the short run. The coeffic ien t of 

lagged res idua l term is -0.66 suggests 66 percent of the di sequ ilibria that resulted in the 

previous year's shock will be adjusted by the curren t yea r. 

67 The Macki nnon response surface cri ti ca l valu e is computed lip to six var iabl es bu t since the ADF val ue is 
hi gh negative it atl cast wi ll be significant at J 0 percent' 

68 Due to in5Um cicnt number of observation the test callilot be done usi ng white test. 
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The error correc tion estimat ion for the real pri vate consumption has passed a ll tests and 

stability of parameters is checked using CUSUM and CUS UM squares and both tests 

confirm the parameters are stable for the sample pe riod conside red at 5 percent 

significance. Figure 5.2 shows the CUSUM and CUSUMQ tests for private investment ' s 

short run dynam ic est imab le equation. 
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Figure 5.2: Pa rameter stab ility test for pr ivate Investment 

5.2.1.3 Government Sector 

5.2.1.3.1 Government Revenue 

The long run estimab le eq uation of total tax revenue is est imated as a fu nction of nom inal 

income, im port, foreign aid which const it utes grant and concessiona l loan and inflation. 

The equat ion is given by: 

log TR, = 0.29 log NY + 0.27 log 1M + 0.19 logGr + 008 log ConL + 0. 17 logcpl 
(8.99)'" (3 .7)'" (3.31)" " (2.90 )"· ( 1 83) · 

R = 0.99 S.E = 0. 12 DW= 1.59 T=39(1970-2008) 

The long run tax reve nue equation shows tax revenue is pos itive ly affected by all var iab les 

conside red. The long run re lat ionship indicates as nominal income increases by I percent 

tax reven ue is expected to increase by 0.23 percent, and as openness of the country 

increases fro m import side by I percent, tax revenue is expected to increase by 0.36 

percent keeping other factors constant. Foreign aid which is hypothes ized 10 have a 

negati ve in fl uence on the tax col lec tion acti vity of government is not supported 10 the case 

of Ethiop ia.Rathc r a I percent increase in grant and concess ional loan is fo ll owed by 0.19 
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and 0.08 percent inc remen t, respectively. Inflation which is considered as a threat to the 

pr i\3te institution is foun d to have a positive effect on government ' s tax revenue as it ta kes 

0.1 7 percent of the additiona l I percent increase in CPI keeping other factors constant. 

Thi s means in llat ion is a hidden tax where gove rnment uses as an opportunity to gather 

more revenu. 

To have the ECM , the res idual of the long run equation is checked for stationary and it 

found to be stationary which assu res the presence of long run relati onship among variables 

conside red in the estimable equation 69 And the error correction model is presented as: 

t', log TR, = 0. 25 t', log TR( - I) + 0. 32 t', log NY + 0.23 t', log [M 
(263 )" ( 1.59) 0_15)" 

+ 0.123 t', log Gr + 0.05 t', log ConL - 0.03 t', log cpi - 0.29 £(- 1) 
(3. 15) '" ( 1.19 ) (.0.10) (-2.40) " 

R = 0.62 SE = 0 07 DW= 1.84 T= 37 (1972 - 2008) 

X:(2) =2.32[0 31) X:, (I) = 0.06[0.80] 
, 

X ,P) =0. I 3[0.94] 

X' · = 27.96[0.47) 
hsw 

ARCH(I )=0.22[0.63] 
, 

X n(I)=0.93[0.33] 

In the short run adj ustment process, good tax revenue co ll ection of previous period has a 

pos itive persuasion on the current year's revenue performance. The nominal income is 

significant marginally at 10 percent and a 1 percent change will have a 0.32 percent change 

on tax revenue; and a I percent change in import has a 0.23 percent change in tax revenue. 

Grant component of fo reign aid is found to be significant at I pe rcent and positi ve ly 

related to government revenue whereas concess ional loan is not fo und to affect the short 

run behavior of tax co ll ection signi fi cantly. 

To use tax revenue 's error correction model, diagnostic tests are undertaken under different 

tests and it has successfully passed all the tests. Concerning stab ili ty of parameters, the two 

recu rsive estimates, CUSUM and CUSUNSQ, were undertaken and parameters were found 

to be stable for the sample period cons idered. The stability test is given figure 5.3. 

f;i<' rhl: ADF sta ti stics compared with rVlackinnon's critical value is found to significant al 10 percent. 
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Figure 5.3: Pa rameter stability test for government revenue 

5,2,1-3,2 Government Expenditure 

The lon g run cu rrent governm ent ex penditure is speci fied as a fun ction of foreign aid, total 

tax revenue and inil ation. However, for both long run and short run adj ustment processes 

grant component of fore ign aid is fou nd to be insignificant whereas concessional loan does 

have long run impact though in the short run it is found to be insignifi cant In the long run, 

tax revenu e, inflation , concess ional loan and other two dumm ies, Ddrt and DIVaI', for 

drought and war period, respectively, affect current government expenditure posi tively. 

The long run estimable equation is presented as: 

logGE = lAO + 0.68 logTR+ 0.08 logConL+ 0.20 logcpi+ 0.16 Ddrl+ 0.14 DIVaI' 
(7.90) '" ( 10.81 )'" (275) '" (2.06)" (3 .67)'" (3 . 16) '" 

~ 2 

R = 0.99 S.£ = 0. 12 DW= 1.58 T= 39 (1970 ~ 2008) 

As governments tax revenue increases by 1 percent it is expected to have a 0.68 percent 

increase in governm ent 's current expenditure and for a I percent increase in long term 

borro w ing ex penditure changes by 0.08 pe rcent and also for a one percent increase in CPI 

is expected to shoot up current government expenditure by 0.20 percent, at celris paribus 

condition . At the time of drought and war there is an increase in current expenditure and 

thus we have a pos itive coeffi c ient of e last icity. The error correcti on mode l for governm ent 

expenditure is given by: 

'" log GE = 0,4 1 "'log TR + 0.50 '" log cpi - 0.36 £ ( - I) 
(2. 74) '" (268) " (- 1.79 )' 

-' R = 008 S.£= 0.13DW= 1.94 T= 38(1971 - 2008) 
, 2 , 

x;(2) = 1.63[0.44] X,,( I) = 000[0 99] X;P) =091[063] 
2 

X,,» = 6.49[0.37] ARC H( I )=3 .80[0.051] 
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In the short ru n adj ust men t process, gove rnment expend it ure is signifi cantly affected by 

tax revcnue and price surge. The error correction term suggests about 36 pe rcent of the 

diseq ui libr ia is adjusted on a yearly basis. The ECM has passed all diagnosti c tests with the 

exception of ARCH test which is margina ll y signifi cant at 5 pe rcent level of signifi cance. 

Fina ll y, stabi lit y of the parameters is gua ranteed in the sample period by the test of 

CUSUM and CUSUMSQ. See parameter stability test in fi gure 5.4. 
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Fi gure 5.4: Parameter stab ili ty test for government expend iture 

5.2.1.4 External Sector 

5.2 .1.4.1 Export Sector 

The coeffi cients that explain the export sector have expec ted signs and all of them are 

found to be pos iti ve and significant. Th e long run estimab le equation is presented as: 

logX= -3.1 5+ 0.57 log Rymw+ 0.72 logREERl + 0. 32 ( ITOT,) -
(1.53 ) (4 .69)' " (7. 17) ' " (1.70)" R~ 

0 .1 3 Ddrl + OAO D03 
(-2.08)" (4.34)'" 

_ 2 

R = 0.95 S.E = 0.15 DW= 0.99 T= 39 ( 1970 - 2008) 

In the long run , as income of trading partners to Eth iopia increases the country's expOit of 

goods and se rvices increase. Deprec iat ion of the Eth iopian currency (Birr) is assoc iated 

with an increase in the export which suggests that supply of Ethiopian export is price 

responsive. The increase in in vestment to GDP rat io has a significant impact and this 

might be due to increase in govern ment's huge investment on infrastructure and an 

increase in the pr ivate investment. The other t\Vo dumm y va riables included Ddrt and 003 , 

are drought period and dum my afte r 2003 , respectively. Since Eth iopian exports high ly 

rely on pr imary commodities, bad weather condition affec ts the level of export negativeiy. 
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Dummy, 0 03 , is incorporated in the 10ll g run model to rell ect the recent expansion In 

export ga ined from the ex poeI' di ve rsifi cat ion of primary crops. 

The Error co rrection Model is estimated after checking the presence of co integrating 

relationship among the va ri ab les and the va ri ables are fou nd to be co integrated at 5 percent 

level of significance, and the error correc ti on model for export equat ion is estimated as: 

il log X = 2.20 il log RY" '" + 0.47 il log IIEElU + 0.44 il( /TOT, J - 0. 13 Dclrl - 0.49 &(- 1) 
(3 3 ~ ) '" (2.89)'" {3.5 1)"· RY, (-280) '" ( - 3.36 )'" 

R = 0.64 S.E = 0. 12 DW= 1.87 

X: (2) = 2.33 [0.31] X;,( I) = 0.00 1[0.97] 

x;'" = 12.85[0.61] ARC H( I )=0.24[0.62] 

T= 38 ( 197 1 - 2008) 

X;P ) = 1.37[0 .50] , 
X 0(1 )= 1.88[0.17] 

Elasti city between the short run and long run coeffici ent s for income of trade partners and 

ra ti o of investment to GDP is higher for the short run adjustment process which sugges ts 

demand by the trade partners and investment have greater effect in the short run as 

compared the long run. Depreciation has greater effect in the long run than a short run 

adj ustment process. 

The ECM has passed all di agnostic tests as repo rted above. The error term found from the 

long run equation is with the expected negati ve sign and is also stati stically significant at I 

percent level of significance and indicat ing the speed of adjustment for the disequilibrium 

in export sector takes al most two years to revert to its long run equilibrium. Stabili ty of 

parameters is supported in the CUSU M and CUSUMSQ for the ent ire sample period. The 

parameter stability test is given in fi gure 5.5. 
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5.2 .1 .4.2 Import Sector 

5.2.1.4.2.1 1m port of Consumer Goods 

Import behavior is mode ll ed by di saggregating into im po rt of consumer goods, and cap ita l 

and intermediate goods. Import of consumer goods depends on the country's rea l domesti c 

income and the capacity to import which is expla ined by the availab ility of foreign reserye 

finan ced by either from export earn ing or amou nt net foreign capi tal innow. According to 

econom ic theory, rea l income, fore ign exchange gained from fore ign earning i.e . from 

export and net fore ign capita l innow has a posit ive and signifi cant effect on the leve l of 

import. The long run equation for import of consumer goods is given by: 

lo gMcp= -7 .35 + 0.88 10gRY + 0.57 logR.'+0.06 10gNjci 
( -30 1)'" (2.99) '" (4.65)' " ( 1.86) ' 

_ 1 

R = 0.93 S.E = 0.2 1 DW= 1.62 T= 39 (1970 - 2008) 

A I percent increase in the domestic income increases import of consumer goods by 0.88 

percent. And as export increases by I percent, import of consumer goods increases by 0.57 

percent and by 0.06 percent for a I percent increase in net forei gn capital innow. A lest of 

cointegration among the variables rejects suggests the presence of long run relati onship 

and the short run adjustment equation is given by: 

tl log/v1cp= 1.1 7 tl logRY + 0.34tllogRX+0.006tl logNjci - 0.54 6'(- 1) 
(1.32) " (2.0 1)' (0.27) (-JA -W " 

1 

R = 0.30 S.E = O.IS DW= 1.6S T=3S(1971-200S) 

X~ (2) = 0.2 1 [0.90] X~(l) = 0.SO[0.37] X ~P) =2.25 [0 .32] 

X~;w = 3.32[0.97] ARCH( I )=0. 38 [0.53] X~(l )=3.25 [0.07] 

In the short run adj ustment process, import of consumer goods is more elast ic to real 

income, but factors which determine capacity to import have inelastic elastic ity with their 

expected sign. The responsiveness of import of consumer goods in respon se to net foreign 

capita l innow is very inelastic and insignificant in the short run. Rea l effecti ve exchange 

rate which has been included in the model identifi cation is found to be stati sti cally 

insignificant for both long run and short run process and because of thi s the var iable is not 

include in the final equation of the mode l. This suggests any devaluation on Ethiopian 

currency (b irr) has no signi (i can! effcct to th is category of im port in the sample period 

considered. Thi s im[ll ies thi s class 01' commod it ies do not have domestically produ ceci 
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substitutes which creates the count ry to be unresponsive to price changes The short -run 

dyna mics of impo rt of consumer goods equati on represented by the lagged res idual from 

the long run eq uati on is found to be negati ve and significant. The error correcting term 

suggests an y di sequili brium that occurs in the import of consumer goods takes roughly 

al most two years to revert to the equilibrium condi tion. 

The error correction model has passed all the desired di agnosti c tests which assure the 

model is we ll spec ified with the correct funct ional form . 

In the long run relationship spec ificati on a dummy vari able has been included to see 

whether !rade liberali zation has an effect on import of consumers assuming behav ioral 

changes on im port has changed but thi s dum my impulse is found to be insignificant and it 

is exc luded fro m the estimab le equation . The stab ility of the parameters incl uded in the 

ECM regress ion is checked using recursive error sum and sum of squares and results are 

found to be within the 5 percent significance level which attests parameters are stable 

within the sample period. The test result for stability of parameters is given in fi gure 5.6 . 

below. 

' 0 " ,----------------------------, 

" 
" 

LO 
0.' , 

0 
j 

_~----....,/~ ,._,,~/-~~. 0.6 

0 .. 
. , 

0.' 
-10 _ O.O+-~==;:=~------------------__j 

." -0 .2 

·:20 - .O.4 +--__ ~--~~ __ ----~--__ --__ --' 
197 5 1960 1965 1990 HI95 2000 :W05 1975 1980 1965 1990 1995 2000 2005 

CUS UM 5% $ignifican<:e I CUS UM of Squares ----· 5% Sig n i fi cance I 

Figure 5.6: Parameter stabi lity test fo r consumer goods 

5.2.1.4.2.2 Impo rt o f Ca pita l and In termediate goods 

The long run ill1port in te rmediate and capi ta l goods estimable equation is specified as a 

fu nctio n of income, fo reign reserve and price of imp on and it is given as : 

log Men = -6 .09 + 0.66 log RY + 1.0 I log II . .\" - 0.391og REERJ + 0.05 1og Nfei 
(-~ ~1)" (206) " (U4 }'" (- 1.94 )· ( 1,65 ) ' 

-' R = 0.95 S.E = 0. 18 DW= 1.00 T= 39 (1970 - 2008) 
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All va riables included in the estimab le equati on are found to be significant and with their 

expected sign. Im port of cap ita l and intermed iate goods is sign ificantly influenced by 

avail ab ility of fore ign exchange or capacity to import and rea l income of the coun try. In 

the long run, a I percent increase in real income, fo reign earn ing through export and net 

capital inflow leads a 0.66, 1.01 , and 0.05 percent increase in import of capital and 

intermediate goods, res peCt ively. The depreciation of the rea l effective exchange rate by I 

percent decreases import of capital and intermediate goods by 0. 39 for these catego ries of 

goods by mak ing import more expensive. 

To formulate the error correcti on mode l, a linear combination of the variab les considered 

in the long run equation is checked whether they generated stationary seri es or not. And the 

res idual's ADF test result -5. 17 compared to the MacKinnon's critical value (-4.77) shows 

the rejection of the null hypothesis that no coin tegration is found to be significant at 5 

percent leve l of significance and th is assures us the presence of long run re lationship 

among the variables investigated. The short run dynamic model is presented as: 

L'. logMen = 0.76 L'. logRY + 0.74L'.logRY(- I ) - 0.67 L'. logRY(-2) + 0.70 L'. logRX 
(2 .07)·' ( 1.91)° (.1.74)° (4.29)'" 

- 0.29L'.logRX(- I) + 0.46 L'. logRX(-2) + 0.41 L'.logREERl 
(1.94) ° (3 .03)0 '. ( 1.71)' 

- 0.43 L'.logREERl(-2)+0.01L'. logNJei - 0.30 £(-1) 
(·2.29)" (0.69) (- 2.23)" 

_2 

R = 0.78 S.E=0. 12 DW= 1.73 T= 36 (1973 - 2008) 

X~P) =0.61 [0.74] x;(2) = 0.56[0.75] X~,( I) = 0.35[0.55] 

X~Gh" = 7.02[0.53] ARCH(I)=0.09[0.76] 
2 

X 0(1)=0.23[0.63] 

[n the short run adj ustment equation, contemporaneous change and once lagged real 

income have positive influence whereas the twice lagged has a perverse impact in the long 

run. The short run adj ustment of export of current and twice lagged export has positive and 

significant effect , however once lagged export has negati ve effect on the import of capital 

and intermediate import goods and se rvices. In the short run net foreign capital inflow has 

the expected sign but it is insigni fi cant. 

The residual s of the error co rrection model have passed different di agnost ic tests as sholVn 

in the equa ti on below ECM. From the ECM the error term attests any di sequili bri a that 

occu r in the import of intermed iate and capit al goods ta kes roughl y four years to converge 
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to it s equ ilibrium level. The stability of imp0rl of intermedime and capital goods is tested 

using cu mulative sum and cUl11ul at ive sum of squares and fi gure 5.7 suggests pa rameters 

are stab·le for the sample period considered. 
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Figure 5.7: Parameter stabi li ty test for imp0rl of cap ital and intermed iate goods 

5.2.1.4 .3 Real Effective Exchan ge Rate 

In the identification of Real Effective Exchange Rate Index (REERl) estimable equation 

we have variables with mixed level of integration hence using Engle-Granger two step is 

not feasible since the approaches relies on variables having the same leve l.of integration in 

particular integrated of level one. Thus we have used a method that got currency when the 

leve l of integration is mixed, i. e. having integrated level of order one and stationary at 

level. As shown in table 5. 1, the variab le EXCREDlTF is stationary at level and other 

variab les considered in th is estimable equat ion are of integrated order one. To get the 

appropri ate estimable equati on, first the condi tional error correction model based on AIC or 

BIC is estimated so as to test the presence of long run relationship among var iab les 

considered and to se lect the appropriate lag length fo llowing the technique recommended 

by Pesaran el al( 1999,200 I). 

The se lected unconditiona l error correct ion model is ARDL (1,2,0,2)70, wi th variab les in 

the sequence of logari th mic form of rea l effect ive exchange rate, terms of trade ,degree of 

openness and excess cred it. The uncond it ional error correction is given in annex 3 and the 

lagged leve l var iables are used to check the presence of long run relation using Wa ld 

stati sti cs. It can be tested by hypothesizing that the coeffic ient of the lag var iables is equal 

to zero. Usi ng the F stati stics fou nd from Wa ld test and a non standard F bound statisti cs 

70 Models eSlimat ed using ARDL are done using Mi crofit vers ion 4 
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generated by Pcsaran el 01 (200 I), we infe r presence of long run relationshi p among the 

va riab les considered . The F- statistics fo und from the Wa ld sta ti stics is 8.52 and F stati stics 

of Pesaran e/ 01 (200 I) tab le at I percent level of s ignificance has a bound va lue of [4.29, 

5.6 1]. Since calcu lated Wald F stat istics is greater than higher bound of Pesaran e l 01 

(200 1) tabu lated va lue we infer there is long run relationship among variab les considered. 

The long run estimab le equat ion is given by: 

logIlEER1 ;- 1.84 + 0.74 10g1'o( + 0.65 10gOpen- 0.77 log ExDC + 0.63 Ddv 
(- J,72) ' p 96) '" ( S,06)'" ( - 1. 72)' ( 4 ~ 6) '" 

Equ ili br ium rea l exchange rate model shows real effective exchange rate deprecates due to 

increase in terms of trade and degree of openness. However, excess domesti c credit leads 

to appreciat ion in rea l effective exchange rate in the long run . The reason attached to this 

argument is as there is excess domesic credit, it will be fo llowed by inflation and this 

result s in appreciation of domestic cu rrency. And dummy variab le, Ddv, is for the period 

where the nominal exchange rate is determined through floating exchange rate regi me 

(managed float) i.e. since 1992. 

The short run adjustment error correction model is given by: 

I> logREERl ; O.22l> log1'o( + 0.44 I> logOpen+ 0. 16 I> log£xDC(- I) 
( 2.62) " (-1.40)'" (2. 8S)'·' 

+ 0.35 Dddv - 0.24 D96 - 0.49 0(- 1) 
(4.51)'" (- 3.65)'" ( - 8 27)'" 

-' R ; 0.84 S.E; 0.06 DW; l AO 

x~(2); 2.63[0.27] x~J1) ; 3. 11 [0.08] 
, 

X"" = 12.95[0.37] ARCH(I)=2.96[0.09] 

T= 36 ( 1973 - 2008) , 
X,P) =3.24 [0.20] 

X~( I ); 0.66[0.42] 

In the short run dynam ics model, improvement in terms of trade leads to the appreciati on 

of Ethiop ian currency. This suggests in the short run, income effect dom inates the 

substitu tion effec t whe reas in equili brium the reverse holds, and hence a rise in terms of 

trade appreciates rea l effec tive exchange rate. A change in excess domesti c credit with lag 

of one period has deprec iation impact on real exchange rate. And another dumm y impulse 

is included by watching the recursive errors generated fo r the year 1996. Disequil ibrium 

fro m the long run rea l effec ti ve exchange rate of the local curre ncy exp lained by the lagged 

residual , ,.( - I) . suggesting that any dev iation that happened in any given yea r roughl y takes 

two yea rs to revert to equilibrium posit ion. The res idual foun d from the sho rt run dynamic 

modcl are eval uated using different tests and thcy have passed all diagnos ti c tests. And 

102 



stability or pa rameters is tested using CUSUM and CUSUMSQ ancl it is shown in fi gu re 

5.8. 
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Figure 5.8: Parameter stability test for government expenditure 

In the specification of real e ffecti ve exchange rate, net fore ign capita l inflow has been 

included in the model identificat ion but it is fo und to be insignificant both in the short run 

and long run thus it is not included in the model. 

5.2.2 Monetary Sector 

5.2.2.1 Narrow Money Demand 

Monetary sector is modeled using eq uations for narrow money and quasi money (time and 

saving deposit). In the modelling, we used the Pesaran el 01 (200 1) ARDL method si nce 

we have mi xed level of integration for the vari ables hypothes ized to affect narrow and 

quasi money demand in the long run. The variab les included are national economic acti vity 

proxied by GDP, inflati on rate, para llel market exchange rate and the interest rate of 

treas ury bil l of 3 months. But interest rate is fo und to be insignifi cant to influence narrow 

money balance in equil ibrium. The other variables are found to be signi fi cant and the long 

run narrow money balance is estimated to using ARDL approach and the se lected model is 

ARDL (2, 0, 1, 0) in the order of narrow money, GDP, in nat ion and parallel exchange rate. 

And the long run estimable equat ion is given by: 

logRMI=-1.82+ 0.94 !ogRY- 0.04 IT+ 059 logBEX 
(290)" " (-2.22) " (240)'" 

The equilibriu m model shows demand for na rrow money is posit ively related to real 

income and para ll cl market exchange rat e, but nega tive ly to innation ratc. The main 
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determ in31ll lor the demand for narrow money is rcal income fo ll owed by depreciation of 

paral lel market foreign exchange and inflation. 

The short run dynam ic model shows sim ilar ki nd of relat ionsh ip li ke that of the long run 

re lat ionship. The inc luded dummy variab le, DlI1II74, shows the political instab ility the 

country has faced and thi s has lessened demand for narrow money. The one lagged 

residual found from the long run relati onshi p shows any di sequ ilibrium that occurred in the 

demand to narrow money clea rs only 29 percent of the disequ il ibr iu m in a yearl y basis. 

The short run dynamic model for narrow money is given by: 

L'> logRMI = - 0.42 L'> log /i'M I(- I)+0.28Ll log/i'Y - 0.005 Ll7f+ 0.33 Ll logBEX 
(-4 .82) '" ( 1. 63) ( - 5.·10)" " (3.f .f )'" 

- 0.44 DlI1II74 - 0.29 c( - I ) 
(-4 87 )'" (- 8.80 )'" 

R = 0.86 S.E = 0.05 DW= 1. 50 

X:(2) = 1.42[0.49] X:c( I) = 1. 18[0.28] 
, 

X BGhst = 14.94[0.19] ARC 1-1 ( I )=0.33[0.5 7] 

T= 34 (1975 - 2008) 

x, (2) =3 .34[0.18] 
" 
X~(I)= 13. 15[0.003] 

The error correcti on model has passed all adequacy tests except RESET tests. The fai lure 

to this might be due incorrect fu nctional form. And fina ll y, stab il ity of paramete rs is 

checked through CUSUM and CUSUMSQ and shown in figure 5.9. 
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Figure 5.9: Parameter stabi li ty test for narrow money demand 

5.2.2.2 Quas i Money dema nd 

The long run equation is ident ified fol lowing ARDL technique and the model is selected 

from 4 4 = 256 equations by giving lags from 0 to 3 for all var iab les cons idered in the quasi 

money equation. And the model se lected that mi nimizes the Schwartz criter ion is 
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ARDL(3.2. 1, 2) for varia bles in the order of RMQ, RY, ti me and sav ing depos it ra te and 

inflati on rate . The long run equation is given by: 

log RMQ = 4. 12 logRY+ 1.32 logrlsd- 0.09 7(- 37 .85 
(9 .\ ])'" (3 .01 )" (-U1) '" (-76S)'" 

The ex istence of long run relationshi p is checked using the unrestricted error correction 

model fo ll olV ing the steps recommended by Pesaran el al (200 1). And short run dynamic 

mode l is given by: 

L'. logRMQ =- 0.26 L'. logRNIQ(- I)+0.17L'.logRY - 0.01 L'.![ - 0.12 £(- 1) 
(- 1.76) ' (O A7 ) ( - 5.31 )'" (-·1 77) ' " 

-' R = 0.47 S.E = 0. 16 DW= 1.92 

X~(2) = 46[0.00] X:,( I) = 0.02 [0.89] 

T= 37 ( 1972 - 2008) 

X:,(2) =0. 15[0.93 ] 

X~" = 23. 18[0. 19] ARCI-I ( 1)= 15 . 17[0.57] X ~(I )=9.33 [0.00] 

In the short run dynamics time and saving deposit rate does not have a signi fi cant effect. 

And the change in contemporaneous quas i money is affected by the previous year change 

of its own lag pos itively and a one percent change in in flat ion is foll owed by about a 0.0 I 

percent change of quasi money. And the erro r correction term tells once a shock has 

happened in the quasi money, onl y 12 percent of the disequili bri a is reverted to its long run 

level. The short run dynamic model for quas i money only passes a test related to serial 

co rrelation otherwise there is problem on the normality and heteroskedasticity test of the 

res idua ls found from the error correction model. 

5.2.3 Aggregate Supply 

5.2.3.1 Agriculture Production Function 

Agriculture production function is estimated using ARD L model since mixed leve l of 

integration are found for variables that are hypothes ized to affect the agricu lture value 

added in the long ru n. The mode l is chosen based on the Ale, and the selected model is 

A RDL (2, I, I, 0) in the order of agri cultu ral output, change in capital stock, agricul tural 

labour fo rce, and amount of rainfall. The presence of long ru n relationship is tested by 

prod ucing unrestricted error correc tion model and tes ting lagged va lues of the variab les 

considered in the fu nct ional fo rm of agricul tural outp ut. The Wald F-statisics is fou nd to be 

4.11 and at 10 percent signili cance leve l which has the minimum bound for 1(0) ,2.72 

and the highe r bou nd I ( I) 3.77. From the res ult , we have an F-va lue greater than the 
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higher bound which leads us to rejcct the null hypothesis of no cointegan ion among thc 

va ri ables. 

Agriculture outp ut is affected significant ly by labo ur force engaged in agri culture sec tor 

and ava ilabil ity of rainfall. However, the impact of change in capital stock is not 

signifi cant"l. The equi li brium agricultura l outpu t is given by : 

logYagg = 4.83 6 log Kagg + 0.88 log Lagg + 0.26 Iograill - 0.13 
( ioU ) (S .22) ·" l 1 9 ~ ) ' (- 1.92) 

The short run dynami c model is presented as: 

610g Yagg = 0.87 t,.' log Kagg - 3.40 6 10g Lagg + 0. 16 6 10g rain - 0.20 DoUl - 0.38 0(- 1) 
(0 .51) (-J.37)'·· (2. 10)" ( - -1 89) ' " (-480)" 

-' R = 0.58 S.E = 0.06 DIV= t .52 

X;(2)= 2.2 1[0.33) X;,( I)= 1.88 [0. ( 7) 

T = 37 ( 1972 - 2008) 

X;P) = 1.92 [0. 38 ] 

x;" = 9.03[0.70 J ARC 1-1 ( I )=0. 195 [0 .66J X ;, ( 1 )=0 .00 1 [0 .97 J 

In the shan run , the rate of change in capital stock is insignifi cant and the change in 

agricu ltural labour force has an elastic coefficient that affects agricultural output negatively 

and significantly. Which implies the change in the amount of capital stock, in this case the 

amount of land, ox, and other machines, do not have significant effect to add agri culture 

value adeled in the short run. For the labour fo rce employed in agricu lture sector, there is 

dimin ishing return to total value added. Rainfall has a posit ive and sign ificant impact in the 

short run dynam ics too. The impulse dummy represents periods with high drought, these 

were 1984 and 2002. 

The short run dynamic equation is tested for model adequacy and stability of parameters. 

The model has passed al l tests and the results are given below the ECM, and the stability of 

parameters is done using CUSUM and CUSUMSQ, and they are shown in fi gure 5.10. 

71 It is signIfi cant <I I hI gher level o f s igni fi cance level ( I.e. wit h p- val ue orO.(63) 
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Figure 5. 10: Parameter stab ility test for agri culture producti on 

5.2.3.2 Non-Agricultural production Function 

The long run non agriculture producti on fu nction is est imated using the Engle- Granger 

two step method since all the variables included are of 1(1 ). To check the presence of long 

run relationship among variables the residua l found from the long run estimable equation is 

tested for presence of unit root and an ADF statisti cs -4.4 3 is compared with Mackinnon 's 

10 percent res pose surface values of -4.40 and hence we reject nu ll hypothesis of no long 

run relationship among the variables at 10 percent level of significance. The equilibrium 

non agricul tural output is significantly and pos itive ly affected by the change in non 

agriculture capital stock, labour force, agri cultural output and the import of intermediate 

and capital goods. However, the dumm y va ri able which ho lds the change in government 's 

poli cy is found to be negative which shows ex ist ing government has perfo rmed negati vely 

in terms of increasing the performance of non agri cultural output though the coeffi cient of 

the dumm y vari able is very minima l. The long run estimable equation is given by: 

log)'11 = 9.97 II log KI1 + 0.65 log LI1 + 0.34 log Ya + 0. 12 log Men - 0.06 Dg 
(S .H )'" (7.79)'" (9.2 1) '" (U2)'" (-2 .79)'" 

-' R = 0.98 S.E = 0.07 DW= 1.24 T= 38 (197 1 - 2008) 

In the short run dynam ics, the change in non ag ri cultu ra l output is s ignifi cantly affected by 

nonagri cul tural capital stock to a higher ex tent fo llowed by change in non agr iculture 

labour force and value added of agricu lt ure and fin all y by im port of intermed iate and 

capital goods. The error correct ion term is found to be signi ficant 5 percent level of 
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sign ificance and il suggests 28 pe rcen t of the diseq uil ibriul11 Ihat resulted li·Dlll any shock 

clears in a year. And the short run dynal11i c model is given by: 

..:;log )'l1 = 4.72 6'logKn+ 3.51 716 ' logKII(- I)+ 0.79 6 10gLII + 0. 17 610g)'a 
(337)'" (2 .09)" (2.93)' " (2.56) " 

+ 0.11 6 10gMclI - 0.28 6'(- 1) 
(303)'" (-2T ,' " 

-' R = 0.36 S.E = 0.05 DW= 1.64 T= 36 ( 1973 - 2008) 

Z~(:n = 0.96(0.61] Z :,(I) = 0.54(0.46] 
, 

/,;,(2) =0.63(0.72] 
, 

Z;'W = 27.37(0. 16] ARCH( I )=0.78(0.38] 
, 

/.0-(1)=021(0.64] 

The 111 0del has passed a ll adequacy test and the pa rameters are found to be stable in the 

sample peri od considered for the stud y. And the test for the stab ili ty of parameters is given 

figu re 5. 11 . 
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Figure 5. 11 : Paral11 eter stabil ity test fo r non agri culture production 

5.2.4 Price Sector 

5.2.4.1 Producers Price 

In the est imable eq uati on of producer price the linear combination of va ri ab les con sidered 

generate a stationary process which ass ures presence of long run relationship among 

variables considered. The ADF statics, -5.02, found frol11 the uni t root test havi ng a 

constant is used to test the presence of cointegration by comparing with Mackinnon's 

critical surface value of -4. 38 and it is fo und to be significant at 5 pe rcent level of 

significance and the result assures us the variab les considered are found to be coi ntegrated. 
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In the long run, producer pri ce is highly innuenced in the order of capacity utilization. 

import price, wage and drought, DpolII. All va ri ab les considered cont ribute to hike 

producer price and they are found to be significant at 1 percent level of signi Ocance. The 

long run estimab le equat ion is given by 

logp = -2.26 + 0.53 logilllp+ 0.19 loglVoge+ 0.64 logclI + 0.34 Dpoll( 
(. ~ 6 1)'" ( 1399) '" (4 8~ ) '" (4 39) '" (.i 93)'" 

, 
1< =0.97 S.E = O. II DW= 1.67 T= 39 (1970 - 2008) 

Producers pri ce is expec ted to increase as economics capacily 10 utilization incrcases i.e.as 

there is a one percent change in capacity utilization then it is expected to increase the 

producers price by 0.64 percent. And also, si nce most of the intermediate commod ities that 

are used for the prod uction process are imported, a unit change in the price of imported 

commodities is expected to increase the leve l of producer 's pri ce by 0.53 percent wh ile 

other things are remaining constant. When wage amou nt increases it expected to increase 

producer's price since producers price is a mark up over wage. I-Ience from our long run 

producers price equat ion a one percent change in wage is expected to increase producers 

price by 0.19 percent. The error correct ion model for producer price is given by: 

6. logp= 0.35 6. logp(- I)+ 0.28 6.10g p(-2) + 0.15 6.logimp 
(3.54)··· (2.22)" (2 .97)·" 

+0.086. 10gwage- 0.28 6. 10gcu + 0.81 6. 10gcu(-2)+ 
(1.44) (- 1.96)' (5.51)'" 

0.45 6.1ogcu( -4) + 0.199 Dpout - 0.27 &(-1) 
(3 .01)'" (5.19)'" (- 2.79)'" 

-' R = 0.69 S.E = 0.05 DW= 1.82 

);,:(2) = 2.36[0.31] X~c ( I) = 0.16[0.69] 
2 

;C BGI", = 1.34 [0 .99] ARC H( I )=0.27 [0.6 1] 

FIf(1 , 24) = 3.26[0.08] 

T= 34 (1975 - 2008) 

X;,(2) =0.37[0.83 ] 

X~(1 )=4.33[0.04 ] 

In the short run adjustment process, the change in current producer price got a feedback 

effect fro m the first and second period lag of it s own. Short run elasti city'S are found to be 

less than their long run val ues for im port and the drought impulse du mm y. The effect of 

wage on prod ucer price is fou nd to be insigni ficant in the short run adj ustment process, thi s 

in li ne with Keynes ians wage ri gidity hypothesis. As observed from the ECM the effect of 

capac ity uti li zation goes back up to the fourth lag and it affects producer price in its second 

and fo urth lags but decreases with its contemporaneous change. 
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The ECM resid uals had passed a ll diagnostic tests and they have pledged the mode l is 

correct ly spec ified. The error correct ion term shows the speed of adjustment put fo rward 

that once the producer pr ice has shiti ed from the equ ilibrium and speed of adj ustment is 

relati ve ly slow to revert to its equilibrium. In other words, it suggests once a shock has 

happened in the producers pri ce it takes about four years to clear the disequilibria. And 

finall y, the stabi lity of parameters is checked using the recursive error sum and sum 

squares usin g the C UMSUM and CUSUMSQ tests and the parameters are fo und to be 

stable fo r the period of study. The te sts for these pa rameters are depicted in ligure 5.12. 
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Figure 5.12: Parameter stability test for producer price 

5.2.4.2 Consu mer Price F unction 

The variables included in the spec ifi cation of consumer estimable equation are integrated 

of order one and their linear combi nat ion gives a stationary relationship. The long run 

estimable equat ion is given by 

logcpi = 0.36 log imp + 0.57 log p + 0. 17 log ED - 0.396 logREERI + 0.13 log Dc 
(6_3~ ) ' " (UI) '" (4.70) 00 ' (-8.49)'" (2 .26) " 

R = 0.99 S.E = 008 DW= 1. 13 T= 39 ( 1970 - 2008) 

In the long ru n, consumer price is expected to increase because of the hike in domes ti c 

producer price, import price, excess demand and domesti c credit ex pansion. However, rea l 

effective exchange rate dep rec iation is fo und to have a negati ve effect on the deve lopment 

of consumer pri ce which is unusual in many econom ies. However, th is phenomenon is a lso 
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reflected in tran sition and developing econom ies for instance in Croat ian due to " fear of 

tl oati ng". Th is means monetary policy reacts excess ive ly to deprecia tion pressures thus 

causing price cont ractions. Genera ll y, inflation that occurs in Eth iopia is affected by 

domestic and foreign facto rs and also by monetary fac tors. 

In the short run adj ustment process, elast icity to the case of domestic producers and import 

prices is less than the corresponding long run counterpart whereas for supply of domest ic 

credit the elasti c it v is· more than twice. Th is suggests expansion of domestic credit has 

hi gher influence to aggravate inflation in the short run. Excess demand is found to be 

signifi can t a ft er a lag of 2 yea rs in the short run adjustment process. Also a change in 

consumer price after lag 3 has an effect on the current change in consumer pri ce which 

tells inflation inert ia that surges in the economy takes three years has to leave its place fo r 

current change in inflat ion. The error correction model for consumer pr ice estimab le 

equation is presented as: 

t1 logcpi = 0.275 ~ logcpi(-3)+ 0.135 t1 log imp + 0.4 22 t1logp+0.912t1 logED(- 2) 
{2 .99)"· (3 .45)'" (4.04)'" (2 .28)'· 

- 0.283 t1 log REER! + 0.281 t1 logDc - 0. 153 D97 - 0.77 &(- 1) 
(-4 .-19)· " (4.5-1)' " (-3.092)'" ( - 5.06)" " 

_ 2 

R = 0.85 S.E = 0.04 DW= 1.99 T= 35 ( 1974 - 2008 ) 

X :(2) = 1.2 5[0.54] X:/ I) = 0.4 1[0.51] X
2 (2) =0.87[0 .65 ] 
" x: .. = 6.25[0.62] ARCH ( I )=2.29 [0 .13] x ~(1 )=2. I 7 [0. 14] 

The error correction term has got its correct sign and any di sequi li brium that resulted from 

a shock clea rs 77% of the di sequi li bria in a single year. In the short run adjustment 

process, imp ulse dummy is included after watching the recursive sum of errors in 1997 

wh ich has a significan t effect in lessening the change in consumer price. The ECM has 

passed all relevant diagnost ic tests and stability of parameters checked using CUSU M and 

CUSUMQ test are depicted in fi gure 5. I 3. 

71 ( see Vizek, 2007) 
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Figure 5. 13: Parameter stabil ity test for consumer pr ice 
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6 MODEL EVALUATION AND COUNTER FACTUAL SIMULATION 

6.1 Introd uction 

In the previous chapter, we have discussed subsystems of the model th at give us the full 

system. In thi s chapter, we explai n how the mode l as a full system performs and selected 

simulation exper iments. 

Fo ll owing Challen and HaggeI' (1983) and Pi ndyck and Rubinfield (1991) suggestion. 

stat istical and theoretica l criteri a sati sti ed by individua l equation does not necessa rily mean 

that so lvi ng all eq uat ions simultaneously represents a reliable full model. Thus testing the 

reliability of the model whether it tracks historica l tilne path of endogenous variables 

generated and the ability to forecast should be evaluated. 

La rge econometri c models of current days that are used 111 forecast ing and simulat ion 

purposes are generally highly simultaneous and log- linear in their functional form. Though 

models are linear' in logarithm, solutions are so lved us ing non-linear so lution techniques. 

Here, we have applied the same techn ique and funct ional form ala with other models. The 

algorithm used for so lving simulat ion model is the class of Gauss-Sidel method. This 

algorithm is an iterati ve algorithm which so lves each equat ion in the model for the va lues 

assoc iated with endogenous va ri ab les, treating all other endogenous va ri ab les as fi xed73 

6.2 Tracking Performance of the Model 

The model 's performance in terms of track ing hi stori ca l time paths of endogenous 

variab les is done usi ng with-in-sample tracking performance of the model. Graphica l 

presentat ion is used to indicate the ability of the model to track hi storical data. The 

var iab les considered are real variab les tak ing 1999/00 as a base year. Endogenous 

variables considered are private consumpt ion, private investment, tax revenue, government 

recurrent expenditure, export of goods and services, im port of intermed iate and capita l 

goods, import of consumer goods, real effecti ve exchange rate, real demand for narrow 

money, real quas i money, agricu lture value added , non agriculture value added, producers 

i3 (sec Evicws user manual for version 6). 
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price, consumer price index and finally rea l gross domestic product. f'i gure 6. 1 shows 

actual , slatic and dynam ic so lut ion for the variables considered. The model is solved for 

the period starli ng from 1975 up to 2008 due to the lagged variables up to fOrlh lag in the 

EeM const ructed in the model. 

Figure 6.1: Actual, dynamic and static simul ation of selected variab les 
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From the above figure we can in fe r both static and dynamic so lu tions are close to the 

hi stor ica l data for most variab les though hi gh deviation is observed in the demand for 

narrow money equati on between the stati c so lution and actual va lu e. But for other 

va ri ables the mode l successfull y tracks endogenous behavior of variab les at a reasonable 

degree of accuracy. 

The standard procedure for evaluat in g ho w well a model fits data is to so lve the model by 

performing a dynamic, determi ni stic simu lation " and making a compari son with the 

predicted va lues of the endogenous variables and actual values (Fair, 1994) . The cr iterion 

that are most frequently used to evaluate tracking performance of a given model are: Mean 

Absolute Error (MAE), Mean Abso lute Percentage Error (MAPE), Root Mean Square 

Percentage Error (RMS PE), and Theil 's inequality coeffic ient (U)75 Except the first 

stati sti c, wh ich depends on scale of measurement, the rest are unit free. In most cases, unit 

free stati cs are preferable (see Pindyck and Rubinfield, 199 1; Chall en and Hagger, 1983). 

To compute these statistics, the model is first so lved using dynamic system so lu tions 

starting from 1975 to 2008. The system is so lved simultaneously period by period wi th the 

solution va lues found from the previous periods being used as lagged values to subsequent 

periods76 The summary statics for selected endogenous variables is reported in tab le 6. 1. 

" When the simulation is ·'deterministic" the expected values of the error terms are assumed to be 
zero, and in most cases the error terms are set to zero for a deterministic solution (Fair, 1994). 

75 

I T " 
MAE = - Ill{ - )~ I 

T 1=1 

I ,. Yo - Y 
MAPE =-L!_I_, I 

T 1=1 j~ 

A 

IUvfSPE = I T (Y, - Y,) ' 
T L. )" 

/:\ I 

where ), is the simulated value at time t and T is the sample size. 

76 (fo r detail di scuss ion see Fair. 1994). 
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The result from th~ tab le suggests maX lIllum MAPE is around 7 percent for rea l GO P 

whereas for the rest it is less than 4 %; RM SPE for all var iab les is less than I percent. 

These results also suggest the model has traced endogenous va ri ab les adeq uately. 

In add it ion , Theil· s inequality coeffi cient is further decomposed into bias, variance and 

cova ri ance proportions. Accord ing to Pi ndyck and Rubinfield (199 1) the bias proportion 

informs how far the mean of the forecast is from the mean of the actua l se ries. The 

vari ance proport ion shows how far the variation of the forecast is from the var iat ion of the 

actual series and the covariance proportion measures the remain ing unsystemat ic 

forecasti ng errors. The main implicat ion out of decomposition is if the fo recast is "good" 

then the bias ancl variance proportion will be small ancl most of the bias wou ld be 

unsystematic 77 Table 6.2 gives bias, variance and covari,' "l e proporti on of endogenous 

vari ab les. 

Tab le 6. 1: Dynamic simulation accuracy of stochasti c va riables ( 1975 to 2008) 

Var iab le Name MAE 
MAP E RMSPE U 

Real Private Consumption 0.119 1.09% 0.02% 0.007 

Real private Investment 0.32 1 3.83% 0.28% 0.026 

Tax Revenue 0.1 21 1.60% 0.04% 0.009 

Govern ment Current Expendi ture 0.155 1.84% 0.05% 0.01 1 

Real export of goods and services 0.175 2.05% 0.07% 0.0 14 

Real import of Consumer goods 0.284 3.32% 0.17% 0.02 1 

Real import of capital goods 0.224 2.8 6% 0. 15% 0.020 

Rea l Effective Exchange Rate 0.154 3.87% 0. 25% 0.026 

Demand fo r Narrow Money 0.118 1.29% 0.02% 0.008 

Demand Quasi r.loney 0. 162 1.99% 0.06% 0.0 12 

Agricu lture Output 0.097 0.96% 0.01% 0.006 

Non-Agriculture output 0.070 0.67% 0.01% 0.004 

Producer price Index 0.091 2. t6% 0.06% 0.0 t 3 

Conslimer price index 0. 125 2.91% 0.14% 0.019 

Real GOP 4730. 12 6.68% 0.62 % 0.047 

n The informative decomposition of T heil 's inequal ity coefficient is nOI acceplCd universally (see Walson 
and Tee lllcksi ngh (2002), P.t 38 - 140) 
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Though there is less number of literatures discussing on what should be the expected 

maxim um U-slati stics and propo rt ion va lue o f the decomposed va lues, in thi s model we 

have found a Theil's inequality coeffi cient that is less than 0.05.78 And with regard to the 

decomposition, about 65% of endogenous vari ab les have a bias less than 10 percent but for 

rea l pri vate consumption , export o f goods and services, rea l e ffecti ve exchange rate and 

consumer pri ce index the proportion of bias is found to be between 20 and 25 percent. The 

variance proportion is below ten percent fo r 80 percent of the cases and most of the 

va riation has concentrated in the unsystemati c componen t of the decompos ition i.e. for 

about 85 percent of the cases more than 70 percent of the forecast erro r is found to be 

captured by covar iance proporti on and fo r the rest it is fo und to be above 60 percent. 

Ta ble 6.2: Forecasting Evaluati on using Theil's Inequl ity coeffi cient decompos ition 

Va r ia ble Na me U bias va riance covari ance 

Real Pri vate Consumption 0.007 0.24 O. t5 0.6 1 

Real pri vate In vestment 0.026 0.06 0.01 0.93 

Tax Revenue 0. 009 0.01 0.29 0.69 

Govern ment Current Expenditure 0.0 11 0.05 0.17 0.78 

Real export of goods and services 0.01 4 0.2 1 0.07 0.72 

Real import of Consumer goods 0.02 1 0.14 0.00 0.86 

Real import of capital goods 0.020 0. 13 0. 04 0.83 

Real Effective Exchange Rate 0.026 0.25 0.00 0.74 

Demand for Narrow i\ loney 0.008 0.02 0.08 0.91 

Demand Quasi Money 0.01 2 0.05 0.01 0.94 

Agricu lt ure Output 0.006 0.05 0.01 0.94 

Non~Agr i c ult lire output 0.004 0.01 0.0 1 0.99 

Producer price Index 0.013 0.05 0.02 0.93 

Consumer price index 0.019 0.29 0.09 0.61 

Real GDP 0.047 0.04 0.24 0.72 

78 Oshikoya ( 1990) has suggested Theil's inequality coeffic ient less than 0.3 arc not considered to be large 
val ues. 
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6.2.1 Dy namic Coun ter Factual Simulation 

Simulat ion exercises are undertaken for fi sca l, monetary and ex ternal shocks. rhe 

exper imen ts are taken by making a cOllli nuous change from 1992 to 2008 l'or shock 

va ri ab les. The impact changes of these variables are presented in the form of percentage 

dev iati on from the base run of the mode l. 

6.2.1.1 Fisca l Policy Shock 

Fisca l policy shock is done by changing government investment as a shock variable. In this 

scenar io, simu lati on is do ne by increas ing government bylO percent staring from 1992 to 

2008. The resu lts of this scenario are presented in the form of percentage dev iat ion fro m 

the base run and the results is given in table 6.3. 

As govern ment expenditure increases by 10 percent the overa ll economic activity increase 

by 1.15 percent on average of for the period considered in the simu lat ion. Since the 

mcrease in capital stock is a function of investment and increase in capital stock has a 

direct impact on the supply side of the economy that has resulted an average increase on 

the va lue added of agricultu re and non agri culture by an amount of rough ly by 2.6 1 and 

2. J 9 percent respect ive ly. But as government investm en t increases it is followed by an 

increase in pr ice level by an amount of 0.35 percent on average for both producers and 

consumer's pr ice leve l. This increase in price level would have an effect on the rea l 

effect ive exchange rate to appreciate. The increase in government in vestment decreases the 

leve l of private investment by 2.2 percent which means government has a crowdi ng out 

effect on private investment. Since the increase in investment has increased the overa ll 

level economi c acti vity pr ivate consumption, tax revenue, export and import has go t the 

pos iti ve navor from the mUl tip lier effect. 
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T bl 63 S' I ' I f a e .. Imu allOI1 resu 10 b 0% an II1crease 111 povernmenl II1veslmenl )y I 0 

Import of 
Privale Private Gove. intermediate Import 

Year cons Invest Tax Expend Export capital cons 
1992 0.45 -3.34 0.42 0.17 0.49 0.66 1.64 

1993 2.53 2.9 1.66 0.8 2.97 3.88 1.96 

1994 1.53 -4.63 1.01 0.7 1 -0.75 0.24 2.53 

1995 2.8 3.82 1.95 1.06 2.81 5.23 1.32 

1996 1. 89 -8.49 0.36 0.84 - 1.79 -3 .72 0.47 

1997 2.12 3.03 1.38 0.94 1.1 3 4.54 2.48 

1998 -0 .08 -4 .1 8 0.4 1 0.3 1 -0.78 1.6 1.75 

1999 1.5 1.43 1 0.58 1.67 2.72 1.42 

2000 0.27 -5.33 -0.06 0. 21 -1.1 7 -2.04 0.87 

200 1 2. 11 0.75 0.93 0.57 2. 1 2.12 -0. 13 

2002 0.9 -8.34 0.03 0.51 - 1.8 -2.9 1 0.88 

2003 2.29 3.32 1.32 0.8 2.72 5.32 0.56 

2004 1.39 -9.64 0.53 0.66 -1.26 -1.89 1.46 

2005 2.35 5. 17 1.73 0.96 2.63 6.31 1. 87 

2006 2. 1 -8.88 1.12 0.84 -0.13 -0 .5 1.56 

2007 3.21 3.65 1.89 1.24 2.09 3.66 1. 56 

2008 2.1 -8 .37 1.01 0.96 -0.99 -0.45 1.37 

Average 1.73 -2.19 0.98 0.71 0.58 1.46 1.39 

Demand Demand VA non VA Real 
Year REERI RMI RQM agriculture agriculture CPI GDP 

1992 0.13 0.47 0.81 3.49 -0.05 -0 .06 1.22 

1993 0. 1 0.27 1.07 2.46 0.0 1 0.12 0.9 

1994 -0.34 0.75 1.44 5.59 0.12 0.2 1 2.25 

1995 0. 17 0.47 2.1 1.06 0.42 0.13 0.6 1 

1996 -1.63 0.38 1.34 1.59 0.38 0.77 0.84 

1997 -0.5 2 0.69 2.26 3.64 0.64 0.47 2.07 

1998 0.45 1.34 3.38 3.77 0.33 -0.07 2.01 

1999 0. 14 1.23 3.5 2.06 0.5 0.03 1. 2 

2000 -0.48 1.2 3.6 1 2.45 0.32 0.07 1.29 

2001 -0.74 0.69 3.42 -1.16 0.44 0.16 -0.33 

2002 -1.5 0.71 2.55 2. 18 0.2 0.69 1.1 9 

2003 -0.6 0.3 3.02 -0.37 0.37 0.49 -0.0 1 

2004 -1.22 0.79 2.56 2.92 0.17 0.71 1.48 

2005 -0.02 0.67 3.3 1 1.8 0.48 0.44 1.1 

2006 -0 .8 1.02 3.3 2.39 0.33 0.47 \.36 

2007 -0.77 0.72 3.34 1.1 4 0.77 0.63 0.9 1 

2008 - 1.1 3 0.93 3.42 2. 15 0.7 0 .66 1.45 

Average -0.52 0.74 2.61 2.19 0.36 0.35 I.l5 
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6.2.1.2 Monetary policy Shock 

With regard to monetary policy exercise, domestic cred it (using both government and 

private domestic credit) is used as a shocking variable . For thi s simulation we see the 

overall effect of a monetary restra int po li cy in the economy taking what would have been 

case if there was a sustainable 10 percent reduction of domestic credit starting from 1992 

up 2008. The result of th is simulation is given in tab le 6.4 below. 

Table 6.4: Simulation result of a decrease in domestic credit by 10 percent 

Import 
Private Private Gove. of inter. Import 

Year cons Invest Tax EXEend EXEort caEita l cons 

1992 -3 .60 -4.38 -0 .88 -2 . 17 -0.84 0.36 1.17 
1993 -4.2 1 3.86 -0 .59 -2 .03 3.64 6.72 1.89 
1994 -5.07 -4.79 -1.37 -2.40 2.63 1.75 2.97 
1995 -3.56 4.45 -0.97 -2.39 5.43 2.50 1.59 
1996 -3 .93 -10.27 -2 .50 -1.96 0.66 -5.28 0.75 
1997 -2.80 2.61 - 1.1 0 -1.46 3.54 3.59 2.59 
1998 -4.49 -6.70 -1.83 -1.81 0.97 0.46 1.71 
1999 -2.72 0.09 -1.07 -1.24 3. 18 2.4 1 1.54 
2000 -3.62 -7.25 -1.86 -1.58 0.57 -2.07 0.96 
200 1 -2.03 -0.79 -1.04 -1.3 1 3. 16 1.12 -0.25 
2002 -2.99 -10.44 - 1.90 -1.31 -0.75 -3.91 0.57 
2003 -1.57 1.42 -0.72 -1.06 2.73 3.05 -0. 15 

2004 -2.22 -11.88 -1.42 -1.17 -1.00 -3.44 . 0.60 
2005 - 1.58 3.05 -0.41 -0.97 2.67 4.19 0.65 
2006 -2.07 -11.34 -1. 16 -1.25 0.25 -2.26 0.20 
2007 -1.14 1.29 -0.56 -0.98 2.67 1.48 -0 .10 
2008 -1. 87 -11.47 -1.42 - 1.24 -0.19 -2.84 -0.34 

Average -2.91 -3.68 -1.22 -1.55 1.72 0.46 0.96 

Demand Demand VA non VA Rc.l 
Year REERI RMI RQM agricult. agric.urc CPI GDP 

1992 1.70 2.40 4.66 3.45 -0.05 -3.68 1.20 
1993 6.55 3.14 4.61 2.13 0.0 1 -4.25 0.78 
1994 7.4 1 3.03 5.37 4.27 -0. 12 -4.94 1.60 
1995 6.03 2.79 5.75 -0.95 -0.02 -5 .59 -0.38 
1996 3.35 1. 50 3.09 -0.36 -0.20 -3.95 -0.25 
1997 3.73 0.82 3.0 1 1.61 -0 .02 -3.70 0.75 
1998 4. 17 0.98 3. 11 1.91 -0.43 -3 .79 0.70 
1999 3.84 0.36 2.26 0.53 -0.18 -3.13 0.15 
2000 3.34 0.21 2.19 0.90 -0.37 -3.09 0.23 
200 1 2.98 -0.24 1.68 -2.71 -0.21 -3.00 -1.35 
2002 1.74 -0.36 0.41 0.56 -0.44 -2.31 0.09 
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2003 2.09 -0.82 0.61 -2 .15 -0.26 -2.4 5 -1.12 
200-1 1.32 -0.38 -0.1 5 1.03 -0.47 -2. 15 0.28 
2005 2.77 -0.57 0.3 5 -0 .46 -0.23 -2.41 -0.33 
2006 2.31 -0.21 0. 15 -0. 17 -0.46 -2.52 -0.28 
2007 2.49 -0.60 -0.17 -1.98 -0.1 5 -2.43 -1.09 
2008 1.92 -0.56 -0.68 - I. I 3 -0.40 -2.34 -0.76 
Average 3.40 0.68 2.13 0.38 -0.24 -3.28 0.01 

As cJomestic credit shrin ks by 10 percent, inflation has dec lined by 3.28 percent on 

average. Since domestic credi t directly affects the cap ita l forma ti on on both private and 

public in vestment. Pr ivate in vestment has in turn a direct im pact on the leve l of econom ic 

acti vity which in turn weakens the level of consumption and tax revenue co llecti on by 2.9 

and 1.22 percent on average for the period under considerati on. 

Excess domesti c credi t is one factor th at causes apprec iation of domestic cu rrency, as this 

shock is a rest rai nt monetary policy it is fol lowed by a depreciation of3A percent and that 

has put a strong positive effect on export sector that increases by 1.72 percent on average. 

Import dec lines but since most imports are not substitutable in the country, the effect of 

deprec iat ion is compensated by foreign earn ing that increases the leve l of import directly. 

Real demand for narrow money and quas i money has increased by 0.68 and 2.13 percent 

on average due to the decrease in inflation which is an opportunity cost of holding assets. 

Howeve r, the overall decrease in domesti c cred it negatively affects agricu lture sector and 

pos itivel y the non agri cultural sector. 

6.2.1.3 Ex ternal Shock 

The effect of external shock is simulated by increasing 10 percent on import price onl y and 

the res ult is dep icted in table 6.5. As import price changes keeping export price unchanged, 

terms of trade deteriorates and this has a di rect infl ue nce on the real effective exchange 

rate that in turn has a close connecti on with the leve l of export and import related to the 

demand side of the economy. A ri se in import price also directl y affects producer and 

consumer price. These factors in turn affec t re ve nue and expend iture of government, 

private in vestment and pri vate consumption. 

A 10 percent increase in import pri ce leads to an appreciation of domestic effective 

exchange rate by 7.17 percent. Thi s is followed by a decrease in the level of ex port as our 
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export s are expen sive to the ROWand since export earning is one facto r to covers import ; 

it is followed by a decrease in the level of import for intermediate and capita l goods by 

5.26 pe rcent and 4.65 percen t for consumer goods. 

Since imported commodities pr ice has a di rect impact on the domestic price level, a 10 

percent increase in imported pri ce result ed in an average of 8.6 percent increase in the level 

of inflation and 5 percent to the case of producer price. As overall pr ice inc reases it creates 

uncertain ty to the private investment and together with other mu ltiplier effects private 

in vestmen t declines by about 7.5 percent. Government expenditure and reven ue increases 

but that of expendi ture increases by hi gher percentage and th is has a negative effec t on the 

overall balance of gove rnment budget. Also with an inflationary envi ronmen t created, 

demand for money dec reases. On the supply side, as import of intermediate and capi tal 

good dec reases and it affects the va lue added of non agricultu re sector ad ve rse ly by 1.5 

percent and for agriculture sector by 0.7 pe rcent on average. In combinati on, both suppl y 

and demand side effects have a detrimen tal im pact on real GDP and has resulted a dec line 

of 1.1 percent on average for the period of simulation. 

Table 6.5: Simul ation resul t of an increase of imEort Erice by 10 Eercent 
Import 

PrivHt e Private Gove. of Im port of 
Yea r co ns Invest Tax EX Ecnd EX Eort Ca Eitai co nsu meI' 

1992 -0 .92 -5. 72 0. 15 0.96 -2. 15 -1.23 0.65 

1993 0.33 1.05 1.48 2.72 -1 .3 I 0.35 -0.33 

1994 -0.86 -9.9 I 3.48 -6.3 1 -7.64 - 1.48 

1995 0.38 -2.6 2.33 4.69 -5.34 -5.06 -4.43 

1996 -1.63 - 16.03 1. 34 4.78 -10. 14 - 11.4 1 -6.22 

1997 - 1. 97 -4.3 7 2.68 4.78 -7.47 -3.52 -5.09 

1998 -5.13 -12.23 1.69 3. 82 -9.21 -6. 0 I -5.85 

1999 -4. II -4.66 2.35 3.56 -6.5 1 -3.69 -5.55 

2000 -5.41 -1 0.72 1.4 1 2.77 -8.24 -7. 16 -5.58 

200 1 -3.59 -4. 13 2.08 2.82 -5.63 -4.27 -6. 48 

2002 -~.46 -1 2.69 I. 15 2.61 -8.92 -8.61 -5.3 

2003 -3. IS -1.3 2.07 2.79 -5.64 -1.9 -5.77 

2004 -3.79 -13.69 1.35 2.72 -8 .92 -7.76 -4.78 

2005 -3 .04 O.4S 2.28 2.97 -5.53 -1 01 -~.S7 

2006 -3.51 -13.73 1 52 2.8 1 -7.93 -7.43 -5.4 

2007 -2 . I I - 18 1 2.3 1 3.3 -5.81 -4.26 -6.02 

200S -2.5 8 -J 4.79 1 58 3.24 -8.87 -8.S -6.48 

Ave rage -2.68 -7.46 1. 69 3.22 -6.7 -S.26 - ~ . 6S 
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VA 
Demd. D elll (I. nOll VA Renl 

Year REER I RMI RQM agg. agg. P CPI CDI' 

1992 0. 15 -0.51 -I . I I 3.28 -0.05 1.42 1.73 1. 14 

1993 - 1.4 I -2.49 -3.19 1.24 0.01 2.88 4.54 0.45 

1994 -5. 89 -3.51 -4.9 2.67 -0.19 4.3 7 7.04 0.94 

1995 -8. I I -5.05 -6.53 -3.05 -0. 19 5.48 9.4 1 -1.26 

1996 - 10. 19 -5.63 -8.24 -2.92 -0.63 6.17 11 .29 -1.49 

1997 -9.39 -5 .06 -7.74 -1.25 -0.6 1 6.42 11.39 -0.9 

1998 -8 -3.86 -6.76 -0.92 -I. 18 6.32 10.78 - 1.05 

1999 -7.66 -2.97 -6 .0 I -2.08 -0.95 6.01 10.1 2 -1 .4 I 

2000 -7.38 -2 -5.17 -1.4 - 1.1 6 5.61 9.26 -1.19 

2001 -7.6 -1.86 -5.02 -4.76 -0.91 5.22 8.8 -2 .6 

2002 -8.42 - 1.46 -5.57 - 1.24 - 1.09 4.91 8.9 -1 .09 

2003 -7.81 -1.66 -5. 12 -3.72 -0.82 4.72 8.56 -2.08 

200" -8.35 - 1.17 -5 .6 1 -0.41 -0.94 4.64 8.77 -0.61 

2005 -7. 11 -1.39 -5 -2.04 -0 .66 4.66 8.55 - 1.27 

2006 -7.72 - 1.18 -5.27 -1.84 -0.87 4.73 8.64 -1.28 

2007 -8.03 -1.82 -5.79 -3 .96 -0.6 4.84 9.02 -2.28 

2008 -9.04 -2 .02 -6.58 -3.25 -0.91 4 .94 9.45 -2.08 

Average -7. 17 -2.57 -5.51 -1.51 -0.69 4.9 8.6 -1.06 
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7 CONCLUSION AND POLICY IMPLICATION 

7.1 Conclusion 

Th is study has at tem pted to deve lop a small macro-econometric model for the Ethiopian 

econom y and to cond uct s imulation experiments for different economic policy scenarios. 

The mode l in thi s stud y is constru cted by d ividi ng the whole economic acti v ity into four 

blocks: aggregate demand, monetary, aggregate suppl y, and price block. The model 

consists of from 14 behav ioral eq uations. The model is constru cted us ing time se ries data 

rang in g from 197017 1 to 2008/09 using Engle-Granger two step procedure and 

Autoregress ive Dynamic Lag (ARDL) approach deve loped by Pesearan el at (200 I). The 

simul ation process is done by so lving both the long run and short ru n equations for the 

period 1975176 to 2008/09 . The performance of the model is checked using graphical 

method by comparing actual , s tatistic and dynamic solution of the model. Also, adequacy 

of the model for the dynamic so lution is checked using forecastin g accuracy statistics: 

MAE, MAPE, RMSPE and U-Theil s statistics. 

In mode lling the econom y, an attempt has been made to include both demand and suppl y 

sides. From the demand side, private consumption is pos iti vely affected by di sposab le 

income and inflati on. Private investment is influenced by demand side facto rs i.e. gross 

domesti c product and capac ity ut ilization and from supp ly factors ava il ab ili ty and cost of 

financing have pos iti ve ly impacted private investment. However, government in vestment 

crowds out pri vate in vestment. In the governm ent sector, government revenue increases as 

tax base expands which is proxied by leve l of nomina l income and degree of openness, 

especia ll y from th e import side. An increase in price level a lso has an ad va ntage to 

increase government revenue. Government expenditure boosts as tax revenue, concess ional 

loan and price leve l increase. In external sector, since the economy is suppl y constrained , 

an increase in cap ita l format ion (gross in vestment) increases export , and income of the rest 

of the worl d has a pos iti ve effect. The degree of competiti veness, measured by rea l 

effecti ve exchange ra te , deprec iati on encourages the amount of export . 

Import of consumer goods is determined by domesti c income, and amount of fo reign 

exchange notab ly but in the case im port of interm edi ate and capital goods real effecti ve 
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exchange rate also an additional determinant. Real effective exchange rate deprec iates as 

terms of trade and degree of openness increases and appreciates due to excess domestic 

money suppl y. 

In the monetary sector, demand for narrow money increases as economiC activity and 

depreciation of parallel market for foreign exchange rate increases and negatively with 

price level. 

In the suppl y side, va lue added of agriculture is positively affected by the amount of capital 

accumulat ion, agricultural labor force and harvest season proxied by the amount of rai nfall. 

Non agricu lture va lue added is mainly determined through non agriculture cap ital 

accumulation, non agriculture labour force, agricu ltu re value added, and im port of 

intermediate and cap ital goods. 

In the price sector, producer price is found to be a markup over import price, wage and 

capacity utili zation rate of the economy. Inflat ion aggravates due to increase of import 

pri ce, domestic price, excess demand and excess domestic cred it. However, consumer 

price level decreases due to depreciatiun uf real effective exchange rate. 

Policy simulat ions have been undertaken based on the structure of the economy. Three 

po li cy simu lat ions which are related to fi scal policy, monetary policy, and external shocks 

have been conducted. An expansionary fiscal policy in the form of an increase in 

government investment expenditure resu lted in an increase in output, but it generates 

inflati onary effect and resu lts in appreciation of domestic currency. Notwithstanding an 

increase in leve l of output it has a negative effect on private sector in the form of crowding 

out effect. Moneta ry po li cy which is in the form of decreasing domestic credit results in a 

signi ficant decline in inflation and it also leads to depreciation of domesti c currency. 

However, it is less effecti ve in terms of stimulating domestic output. External shock 

tracked by an increase of impOIt pr ice results in a substantial contraction in the domesti c 

output, and it a lso increases inflat ion and causing appreciation of domestic currency and 

has also detrimen tal effect on the level of export and import. 
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7.2 Implications 

The conclus ion policy implications can be made: 

> Fiscal policy expansion in th e form of government investment has expansionary 

effect on the leve l of output but it also generates inflation and negatively affects 

private investment. So governmen t has to find optimal level of in vestment that 

result s a reasonab le degree of in fl at ion and encourage private in vestment. 

> Monetary pol icy in the form of decreasing domes tic credit for both government and 

non govern men t has the effect of minimizing inflation substant iall y. Thus a prudent 

monetary policy that considers investment and price leve l is req uired. 

> Ethiopian econom y is highl y susceptib le to the rest of the worl d for instance an 

increase in im port pr ice has a devastating effect on the domestic economy, so 

different po licies wh ich are consistent to one another has to be designed, especia lly 

that focus on encourag ing export, import substitution and competiti veness of the 

country. 

7.3 Areas for Future Study , '-. :, '. 
It shou ld be noted that macro-econometric modelling is a continuous exercise. The model 

has highlighted the structure of Ethiopian economy using a macro-econometric model. In 

general , the ma in problem faced has been absence and unavailability of quality data whi ch 

has created a major impediment on the estimation process and this has created to minimize 

the scope of spec i fication of certa in equations that has to be included in the model. For 

instance, absence of quality data on labour force and wage rate, the mode l does .not inc lude 

labour market endogenousl y. For variables where there is no data, proxies have been used 

in terms of actua l var iables at the expense of economic theory. 

Because of th e above mentioned limitation and the very nature of macro-econometric 

mode ling improvements can be made by adopting some of the spec iat ion done in th is 

study. 
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Annex 1 

Variables used in the Model 

Variable Name Type Description Source of Data 

ABSORB Endog Absorption MOFED 

CP Endog private consumpt ion MOFED 
Consumer price Index that is I 

CP I CSAAD Endog deflated taking 1999 as a base CSA I 
DC Endog Total domest ic cred it NBE 

Dom estic non governm ent 
DCP Exog credit NBE 

DDUM Exog Dummy included for 1992 

DGC Exog Domestic government credit NBE 

Own computation using 
Incre mental cap ital 

Change in agriculture capita l output ratio est imation 
DLOGKAGG Endog stock . te,chnique , 

Change in non agricu lture 
DLOGKNAGG Endog capital stock Own comput ation , 

DUM2000 Exog Dummy included at 2000 

DUM74 Exog Dummy included at1974 

DUM96 Exog Dummy 1996 

DUM97 Exog Dummy included at 1997 

Dummy included before and 
DUM EPRDF Exog after EPRDF 

DUMMY82 Exog Dummy included at 1982 

DUMMY84 Exog Dummy included at1984 

DUMMY8402 Exog Dummy for1 984 and 2002 

Dummy included at1984 1nd 

DUMMY8499 Exog 1999 

DUMMY91 Exog Dummy included at 1991 

DUMMY92 Exog Dummy included at 1992 

Dummy for 1999 government 

DUMMY99 Exog expenditure 

DUMMY 2003 Exog Dummy before and after 2003 

DUMMY DROUGHT Exog Dummy to hold drought yea rs 

Dummy for pol icy 

I DUMMY GOVTSHI FT 

I change(EPRDF and imper ial era) 
Exog with DE RG 

I DUMMY WAR Exog Dummy to hold war period 
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Varia ble Name , Type ~' Qeseription" cf.:~~' : Source of Data 
" 

c • 

EXCESSDD Endog Excess demand Own computation 

Excess domestic credit finally 

EXCREDITF Endog considered Own computat ion 

FRAID Exog Grant World Bank 

governme nt fina l consumption 

G Endog expendi ture MOFED 

Government Ca pital 

GCAPEXP Exog expenditure MOFED 

GCF Endog Gross Capita l Formation MOFED 

GDPN Endog GDP AT CURRENT PRICE MOFED 

Discrepancy found after 

accounting consumption, 

gove rnment expenditure, 

GDPNRESID Exog Investment, trade balance 

Gross national income at 

GNPN Endog current pri ce MOFED 

Government recurrent 

GOVTEXPC Endog expenditure MOFED 

Difference between reeurent 

expenditure and fina l 

GOVTRESID Exog government consumpt ion Own computation 

GROWTH Endog Grow th rate Own computation 

nominal govern ment 

IG Exog investment MOFED 

IMPORT OF GOO DS AND 

IMPT Endog SERVICES AT CURRENT PRICE MOFED 

M2 Endog Broad Money NBE 

MUVITI Exog Import unit Value Index Own computation 

NFCI Exog Net foreign capital inflow NBE 

current transfers from ROW, 

NFY Exog net MOFED 

NMCN Endog import of cap ital goods MOFED 

NMCP Endog import of consumer goods MOFED 

NMOTSERV Exog import of other and serv ices MOFED 

NTR Exog non tax revenu MOFED 

NTRS Exog Incomes from ROW net MOFED 

OPEN Endog openness of a given Economy Own computation 

P Endog Produce r Price( GDP deflator) MOFED 

QM ' Endog Quasi Money NBE 

RCP Endog Real Private Consumption , 

REERIINVA Endog Rea l effec tive exchange rate NBE I 
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Vari able Name "· , ;. Type Destri'ptio'n >'":;if" <j'i <~> l'Source cit bata , ":i~ ... 
Res idual from long run private 

RESID CONS2 Endog Consum ption equation 

Res idual from long run 

RESID CPI 2 Endog consumer price index equation 

Res idual from long run Export 

RESID EXPT Endog eq uation 

Res idual f rom long ru n 

Governm en t expenditure 
RESID GOVTEXPCL Endog equa tion 

Res idu al f rom long run pri vate 

RESID PINVT Endog Invest ment equation 

Res idual f rom long ru n 

RESID PPI Endog producers price index equation 

Res idual from long run Quasi 

RES ID QMl NN En dog M oney equa ti on 

Res idual from long run Rea l 

effective Exchange Rat e 

RESID REERFCI3 Endog equati on 

Res idual from long run Narrow 

RESID RM1ARDL Endog money eq uati on 

Res idual f rom long run import 

of ca pi ta l an d In termediate 

RESID RM CN NFCI Endog goods and services eq uation 

Residual from long run import 

of consumer goods and services 

RESID RM CPNFCI Endog eq uati on 

Res idual from long ru n 

RE SID YAGGAD Endog agricultu re supply equation 

Resi dual f rom long run Non -

RESID YNONAGA D Endog agricul t ure supply equation 

Res idual from long run t ax 

RESIDTAX M LOAN Endog revenue eq uat ion 

RG Endog Real government Expenditure 

RGCF Endog Real Gross Ca pital Format ion 

RGDP Endog Rea l GDP 

RIG En dog Rea l Investment 

RIP Endog Rea l Pr ivate Investment 

Rea l narrow money deflated 

RM1CPI Endog with cpi 

Rea l broad mon ey deflated with 

RMBM2CPI Endog cpi 

RMCN Endog Rea l import of consumer goods 

Yariable, N'ame <, ,,'fn '" .~' .Type " Descript ion , >C::~;; /fF!f', >- So~ rce af,Data.;,Jti""::!~.~. 
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Real import of capital and 

RMCP Endog intermediate goods 

RMOTSERV Endog real import of other services 

Real Quasi money deflated wi th 

RQMCPI Endog CPI 

RX Endog Real Export 

RY Endog Rea l In come 

Real agricultural output supply 

RYAGG Endog side 

RYDN Endog Real disposable Income 

Rea l Non agricultural output 

RYNAGG Endog real value 

TAXPROD Exog Tax on product found resid ual Ow n computation 

TB Endog Trade balance MOFED 

TGEXP Endog Total gove rnment expenditure MOFED 

TGR Endog Total government revenue MOFED 

TOT Endog Terms of trade data own computation 

TR Endog Total revenu MOFED 

Export of goods and services 

XGS Endog nominal MOFED 

Export unit value calculated 

XUVITI Exog from TOT EEA MOFED 

Nominal Agricultural output rea l 

YAGG Endog va lue MOFED 

YD Endog Disposa ble income MOFED 

Nominal Non agricultural output 

YNAGG Endog real value MOFED 
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Annex 2 
Behavioral Equations, Identity and Bridge equations used for the Macro-Econometric Model 

resid_cons2 = LOG_ RCP - (0.111025679351 + 1.0422423279 * LOG_ RYDN -
0.105668385777 * LOG RM2CP I + 0.03221223926 1 * LOGCPI CSAAD + 0.088694268356 1 - -
* DUMMY91 - 0.066225200 1795 * DUMMY99 ) 

log_rcp = 0.856234 1243 47 * (log_ ryd n - log_ rydn(-I» - 0.09243769700 II * (Iog_ rm2cpi -
log_rm2cpi(- I» + 0.105765676892 * (Iogcpi_csaad - logep i_csaad(-I » + 0.0569 1593 1943 1 • 
DUMMY91 + 0.0681078840903 * DUM2000 - 0.797110808963 * RESID CONS2(- I) + 
log_ rcp( - I ) 

resid _ pinvt = log_ rip - (0.4583635 136 * log_rgdp + 0.63353479 1522 * log_ dep -
0.262824729242 * log_ rig + 0.064394 17 18478 * lint - 0.897549135723 * logcpi_csaad + 
0.874687970607 * logcu - 1.01616965774 * dummy82 - 1.0 170428682 1 * dummy84 + 
0.82838 1396404 * dumm y92) 

log_rip = - 0.566444079 157 * (Iog_rip(-I) -log_rip(-2» + 1.59530313709 * (Iog_ rgdp(-I) -
logJgdp( -2» - 0.0364418261235 * (Iog_rig(-I) - logJig( -2» - 1.33049372238 * (Iogcpi_csaad 
- Iogcpi_esaad(-I» + 0.55546065 1255 * (log_dcp -Iog_dep(-I» - 0.0421115776326 * (LINT -
LINT(-I» + 1.49730500245 * (Iogcu - Iogcu(-I » - 1.22297972657 * DUMMY82 + 
0.809307329393 * DUMMY92 - 0.663473849383 * RESID _PINVT(-I) + log_rip(-I) 

RESIDTAX_ MLOAN = LOG_TR - (0.286920574632 * LOG_GDPN + 0.269766556804 * 
LOG IMPT + 0. 18656329365 1 * LOG FRAID + 0.17429943944 * LOGCPI CSAAD + - - -
0.0829771976306 * LOG_ CONSLOAN) 

log_lr = 0.2472283 17299 * (Iog_tr(-I ) -log_tr(-2» + 0.3 16360 129421 * (Iog_gdpn 
log gdpn(-I» + 0.234757094578 * (log_ impt - Iog_ impt(-I» + 0.12281114038 * (log_fraid -
logJraid(- I» - 0.0303007432369 * (Iogcpi_csaad -Iogcpi_csaad(- I» + 0.0500221168278 * 
(log_consloan - Iog_cons loan(-I» - 0.29353 1715272 * RESIDTAX_ MLOAN(- I) + log_tr(- I) 

resid_govtexpci = LOG_ GOVTEXPC - ( 1.40875702034 + 0.67992745351 3 * LOG_ TR + 
0. 198539559017 * LOGCPJ_ CSAAD + 0.0756083020882 * LOG_ CONSLOAN + 
0. 138596499507 * DUMMY WAR + 0.160227732063 * DUMMY DROUGHT) 

- -

log govtexpc = 0.406952894346 * (Iog_tr - IOLtr( -I» + 0.501302215026 * (LOGCP I_ CSAAD 
- LOGCP I_CSAAD(- I» - 0.366426235796 * RESID_GOVTEXPCL(-I) + log_govtexpc(- I) 

resid_expt = log_ rx - ( - 3.14770737526 + 0.568670337204 * log_ryrow + 0.724 154982779 * 
log_reeriinv + 0.316907470943 * logi nvtogdp - 0. 12977 1441309 * du mmy_drought + 
0.39985626439 * dumm y_2003) 

log_rx = 2.205 16353475 * ( loLryrow - log_ryro w(-I» + 0.468236006794 * ( Iog_reeriinv -
log_reeriinv(-I» + 0.436814 6 19762 * (Ioginvtogdp -Ioginvtogdp(-I» - 0.1 32 90383 8959 * 
DUM MY_DROUGHT - 0.4863821900 19 * RES ID_EX PT(-I) + log_rx(- I) 
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resid_RMCPNFC I = LOG_R.'vICP - ( -7.34928111187 + 0.885671910092 'LOG_RGDP + 
0.5724 16558996 'LOG_R-'< + 0.0584292375375 * LOG_N FC I) 

LOG_RMCP = 1. 172924 19527 '(Iog_rgdp - Iog_rgdp(- I» + 0.341536449163 * (Iog_rx -
10L rx(-I » + 0.00622894728823 '(LOG_NFCI - LOG_NFC I(- I» - 0.537956825654 ' 
RESID RMCPNFCI(- I) + LOG RMCP(-I) - -

RESID_RMCN_NFCI = LOG_R.MCN - ( - 6.09125851396 + 0.656520525564 • LOG_RGDP 
+ 1.0 147131673 * LOG_RX -0.392646625249 'LOG REER II NV + 0.0449227007763' 
LOG NFC I) 

LOG_RM CN = 0. 756 12061416 1 '(Iog_rgdp - Iog_rgdp(-I» + 0.7356932 1213 '(Iog_rgclp(-I) 
- log_rgdp(-2» - 0.672377603795 '(log_rgdp(-2) - log_rgdp(-3» + 0.696580282846 '(loLrx 
- Iog_rx(-I » - 0.267254693753 '(Iog_rx(-I) - logJx(-2» + 0.464430298933 • (Iog_rx(-2) -
IOLrx(-3» + 0.40680236 17-11 '(Iog_reer ii nv - Iog_reeriinv(- I» - 0.433271229947 • 
( loLreeriinv(-2) - log_reeriin v(-3» + 0.0 123589 174 108 • (LOG_NFC I - LOG_NFCI (- I» -
0.303 124473605 • RESID _R\I!CN_NFC I(-I) + LOG_R.MCN(-I) 

resid_reerfei3 = log_reeriinv - (0.73547 'log_tot + 0.64994 ' log_open - 0.77203 • exereditf 
+ 0.63019 • du m_eprdf - 1.8382) 

10Lreerii nv = - 0.2303559397 16 '(IoLtot(- I) - loLtot(-2» + 0.435617535304 '(log_open -
10Lopen(-I» + 0. 1568025921 '(exereditf(-I ) - exeredi tf(-2» + 0.359366526 172 'DDUM -
0.24 1008007377 * DUM96 - 0.497483741242 'RESID_REERFCI3(- I) + log_reeriinv(-I) 

RESID _ QM 1_ NN = log_rqm I epi - (4. 11 98 * 10gJgdp + 1.3 188 'LOG _ TSDEPR - 0.094521 
, infl - 37.8457) 

10Lrqm I epi = - 0.2625884419 17 * (Iog_rqm I epi(-I ) - log_rqm I cpi(-2» + 0. 16920116759 1 • 
(Iog_rgdp -Iog_rgdp(-I» - 0.0 106454207072 * (infl - infl (-I» - 0.124008870845 • 
RESID_QMI _NN(-I) + log_rqmlepi(- I) 

resid_rm lard l = log_rmlepi - (0.93492 *Iog_rgdp - 0.03722 1 * infl + 0.59843 ' Iogbex -
1.8180) 

LOG _ R.M I CPI = - 0.42081786860 I • (Iog_nn I epi( -I) - log_I'm I cp i(-2» + 0.282215660725 • 
(Iog_rgdp -loLrgdp(- I» - 0.00533420729234 '(infl - infl(-I» + 0.333163788479 • (Iogbex -
logbex(-I» - 0.447084404076 • DUM74 - 0.286626 16219 1 • RES ID_R.M IARDL(- I) + 
LOG_RMI CPI(-I) 

resid_yaggad = log_ryagg - (-1. 8368 * dlogkagg + 0.87847 • 10g_lagaf + 0.25655 'log_rain -
0.13000) 

log_ryagg = - 3.40293954591 • (Iog_lagaf - 10g_lagaf(-I» + 0. 157 1039844720093 • (log_ra in 
- Iog_rain (- I» - 0. 19882235000 11885 'DUMMY8402 - 0.3779916858489 141 * 
RESID_ YAGGA D(-I) + log_ryagg(-I ) 
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resid_ynonagacl = LOG_R YNAG - (9.97424 190006 * DLOGKNAGG + 0.6522282854 12 * 
LOG LNAGG + 0. 12 11 45660882 * LOG RM CN + 0.338 123546386 * LOG R Y AGG - -
0.05632325 18809 * DUMMY GOVTS I-IIFT) 

log_rynag = 4.7230618 11 47 * (d logknagg - dlogknagg(- I)) + 3.7049996 1406 "(d logknagg(- I) 
- dlogknagg(-2)) + 0.785646888465 "(log_ lnagg - logJnagg(-I)) + 0. 111186976204 * 
(Iog_rlll en - log_rlllen( - I)) + 0. 1723800 18533 "(Iog_ryagg - log_ryagg( - I)) - 0.282749258327 
* R£SID_YNONAGAD(-I) + log_ rynag(-I) 

res idypi = logy - ( - 2.275505699 12 + 0.525556479309 * logmuvitt + 0.63957223951 5 " 
logcu + 0. 19 1783910372 * log_wage + 0.3406747 15368 "dullllll y8499) 

logy = 0.35376227 11 13 "(Iogy(- I) -logy(-2)) + 0.283259447676 * (Iogy(-2) -log---'p(-3)) 
- 0.282687064027 • (Iogeu - Iogcu(-I)) + 0.810559254608 * (Iogcu(-2) -logeu(-3)) + 
0.456456499 148 * (Iogcu(-4) - logeu(-5)) + 0.149178083608 "(Iogmuvitt - logmuvitt(- I)) + 
0.0787290928 18 1 * ( log_wage - log_ wage(- I)) + 0. 19906694929 * DUMMY8499 -
0.266652036 101 * R£SID_PP I(-I ) + logy(-I) 

resid_cp i2 = logepi_esaad - (0.355447158632 * logmuvitt + 0.574767278425 * log---'p -
0.39663259209 1 * log_reeriin v + 0.128015237143 " log_de + 0.166429593763 ·* log_exeessdd) 

logcpi_esaad = 0.27460866135 * (Iogepi_esaad(-3) - logepi_esaad(-4)) + 0.13577697 1453 * 
(Iogmuvitt - logllluv itt( - I)) + 0.422 130183785 "(logy - logy( -I)) - 0.2834473 17797 * 
(Iog_reeriinv -Io/Lreeriinv(- I)) + 0.053505 1608974 "(Iog_exeessdd -Iog_exeessdd(- I)) + 
0.280485837366 "(log_de - Iog_de(- I)) - 0.15275888 161 * DUM97 - 0.768729457309 * 
R£SID _ CPI2( -I) + logepi_ esaad( -I) 

absorb = rgef + rep + rg 

gdpn = ep + gef + G + xgs - illlpt + GDPNR£SID 

rgdp = R Y + tax prod 

Log_gdpn = log(gdpn) 

excessdd = absorb / rgdp " 100 

log_ exeessdd = log( exeessdd) 

growth = (rgdp -rgdp(- I)) / (rgdp(-I )) * 100 

infl = (LOGCPI_CSAAD - LOGCPI_CSAAD(- I)) * 100 

d logkagg = dlog(Kagg) 

dlogknagg = dlog(knagg) 

rep = exp( log_rcp) 
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cp ~ rep * (I' 1 100) 

Log_rydn ~ log(rydn) 

YD ~ GNPn + NTRS + FRAID 

rydn ~ (YD I I') * 100 

ri p ~ exp(log_rip) 

i p ~ (ri p * p) 1 I 00 

log_rgdp ~ log(rgdp) 

RG CF ~ RIP + RIG 

LOG RIG ~ log(RIG) 

rig ~ (ig 1 p) * 100 

GCF ~ (RGCF * P) 1 100 

log_dep ~ log(dcp) 

Ir ~ exp(log_tr) 

GNPn ~ gdpn + NFY 

TGR ~ NTR + TR + FRAID 

govtexpc ~ exp(log_govtexpc) 

G ~ GOVTEXPC + GOVTRES ID 

TGEX P ~ GCAPEXP + GOVTEX PC 

RG~(G / p) * IOO 

rx ~ exp(log_rx) 

xgs ~ IX * (p 1 100) 

invlogdp ~ rge f 1 rgdp 

LOG NFCI ~ log(N FCl) 

rillep ~ exp(log_rmcp) 
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nm cp = rlll cp * (p 1 100) 

nncn = exp( log_ rlll cn) 

nmcn = rmcn * (p 1 100) 

rmotserv = (nlllotserv 1 p) * 100 

imp! = nmcn + nmcp + NMOTSER V 

open = « im p! + xgs) 1 gdpn) * 100 

Loginvrogdp = log(invtogdp) 

logJraid = log(fra id ) 

tot = (XUV ITT 1 MUV ITT) * 100 

log_tot = log(tot) 

log_open = log(open) 

log_imp! = lo g(impt) 

TB = XGS - impt 

REERIINVA = exp( log_ reeriinv) 

EXCREDITF = « DC -DC(-I» I m2(-I » -(LOG RGDP -LOG RGDP(-I » - -

nnl cpi = exp(LOG_ RMICP I ) 

rqmcpi = exp(log_ rqm I cp i) 

M I = rm I cpi * (cpi_csaad /I 00) 

QM = rqmcp i * (cpi_csaad 1 100) 

M2 = M I + QM 

DC = DGC - dcp 

rmbm 2cpi = (\Il 2 1 cpi_ csaad) * 100 

log_ nn2cp i = log (nnbm2cpi ) 
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ryagg = cxp(log_ryagg) 

yagg = ryagg * (p / 100) 

rynagg = exp(log_rynag) 

ynagg = rynagg * ep / 100) 

RY = RY AG G + RYNAGG 

kagg = 0.23 33 76372 * Ktot 

knagg = 0.766623628 * ktot 

ktot = rgcf(-I ) + ktot(- I) 

cpi_csaad = exp(logcpi_csaad) 

p = exp(log_p) 
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Annex 3 

U nrestricted Error Correction Models for those estimated using 

ARDL approach 

For R ea l E ffective Excha nge rate Equation 

A RD L( I ,2,0,2) se lected based on Aka ike In fo rmatio n Criteri on 

***************** ************************************************************** 

Dependent va ri ab le is LOG_REERI 

36 observa tions used for estimati on from 1973 to 2008 

******************************************************************************* 

Regresso r Coefficient Standard Error T-Ratio[Prob] 

LOG TOT .73547 .18586 3.9570[.00 I] 

LOG OPEN .64994 .12835 5.0637[.000] 

EXCREDITF -.77203 .44835 - 1.72 19[.0971 

DUM EPROF .630 19 .14 134 4.45 85[.000] 

C -1.8382 1.0692 -1.7193 [.097] 
I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Dependent Vari ab le: DLOGREERIN V 
Method: Least Sq uares 
Date: 09/05/1 I Time: 16:46 
Sample (adjusted): 19732008 
Included observat ions: 36 aft er adjustments 

Variable Coeffic ien t Std. Error t-Stati st ic Prob. 

C -0.894066 0.543922 -1.643740 0.11 27 
DLOGTOT 0.043778 0. 122953 0.356057 0.7248 

o LOGTOT( -I) -0.321482 0.122975 -2.6 14210 0.0 149 
DLOGO PEN 0.422457 0. 139770 3.022523 0.0057 

DEXCRED ITF 0.060535 0. 143335 0.422333 0.6764 
DEX CRED ITF(-I) 0. 1751 18 0. 109424 1.600353 0. 1221 

LOG_REERlI NV(-I) -0.469659 0.105835 -4.437643 0.0002 
LOG TOT(- I) 0.355048 0.093665 3.7906 18 0.0008 

LOG OPEN(-I) 0.297646 0. 11 30 12 2.633747 0.0143 
EXCREDITF(-I) -0.344711 0.25 11 57 -1.372492 0. 18 2 1 

D UM ErRDF 0.304738 0.064 126 4.752153 0.0001 
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R-squared 0.802685 Mean dependent var 
Adjusted R-squared 0.723759 S.D. dependent var 
S.E. of regression 
Sum squared resid 
Log likelihood 
F-statist ic 
Prob(F -statist ic) 

Wa ld Test: 
Eq uation: Untitl ed 

Test Statistic 

F -statist ic 
Chi-square 

0.077843 Aka ike info criterion 
0. 15 14 89 Schwarz criterion 
47.39 192 Han nan-Qu inn criter. 
10.17008 Durbin-Watson stat 
0.00000 I 

Value df Proba bil ity 

8.520683 
34.08273 

(4,25) 
4 

0.90002 
0.0000 

N ull Hypothesis Summary: 

Normali zed Restriction (= 0) 

C(7) 
C(8) 
C(9) 
C( IO) 

Value Std. Err. 

-0.469659 0.105835 
0.355048 0.093665 
0.297646 0.113012 

-0.3447 11 0.251157 

Restrict ions are linear in coefficients. 

Money Demand Eq uations 

For na rrow money Long run relationship 

0.012206 
0.1-18 107 

-2.02 1774 
-1.5 3792 1 
- 1. 852896 
1.678407 

Est imated Long Run Coeffi cients using the ARDL Approach 
ARDL(2,0, I ,0) se lected based on Schwarz Bayes ian Cri terion 

******************************************************************************* 
Dependent variab le is LRM I 
36 observati ons used fo r est imation from 1973 to 2008 

******************************************************************************* 
Regressor Coeffic ient Standard Error T-Rat io[Prob] 
LRGDP .93492 .32212 2.9024[.007] 
[N FL -.03722 1 .0 15995 -2.3270[.027] 
LOGBEX .59843 .24898 2.4035[.023] 
C -1.8 180 3.2 105 -.56627[.576] 

I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

T he unrestricted Erro r Correction model 
Dependent Vari ab le: DLOGRM I 
Method: Least Squares 
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Date: 09/08/ II Timc: 17:38 
Samp le (adj usted): 1972 2008 
Included observations: 37 afte r adjustments 

Var iab le Coeffic ient Std . Error t-Statist ic Prob. 

C -0.447926 
DLOGRMI (-I) -0.5 10023 
DLOGRGDP 0.243627 

DfNFL -0.004516 
DLOGBEX 0. 103000 

LOG_RMICPI(-I) -0.327232 
LOG RGDP(-I) 0.286488 

IN FL(-I) -0.0 106 18 
LOGBEX(- I) 0.222980 

R-squared 0.63 141 8 
Adjusted R-squared 0.526109 
.S. E. of regression 0. 106022 
Sum squared resid 0.3 14737 
Log li ke lihood 35.68757 
F-statistic 5.995859 
Prob(F-stat ist ic) 0.000 165 

Wald Test: 
Eq uation: UECM_RMI 

Test Stati stic 

F -stat isti c 
Chi-square 

Value 

5.875946 
23.50379 

Nu ll Hypothesis Summary: 

1.07451 1 -0.4 16865 
0. 152615 -3.341882 
0.309587 0.786941 
0.001496 -3.017838 
0.147464 0.698478 
0. 148629 -2.201668 
0.166581 1.719818 
0.002284 -4.649270 
0. 13573 1 1.642812 

Mean dependent var 
S.D. dependent var 
Aka ike info criterion 
Schwarz criterion 
Hannan-Quinn criter. 
Durbin-Watson stat 

df Probab il ity 

(4 , 28) 
4 

0.0015 
0.0001 

Normal ized Restriction (= 0) Va lue Std. Err. 

C(6) -0.327232 0.148629 
C(7) 0.286488 0. 166581 
C(8) -0.0 I 0618 0.002284 
C(9) 0.222980 0. 13573 1 

Restricti ons are linear in coeffi cients. 

Quasi Money Demand Equa tion 

148 

0.6800 
0.0024 
0.4379 
0.0054 
0.4906 
0.0361 
0.0965 
0.0001 
0.1116 

0.049081 
0.15401 3 

-1.44257 1 
-1.050726 
-1.304428 
2.566965 



Estimated Long Run Coeffi cients using the ARDL Approach 

A RD L(3,2, I ,2 ) se lected based on Schwarz Bayesian Cri terion 
,* *' * ** '" ** * * * * ** * ** * '" '" '" *** ** '" ** * **** '" '" '" ** ** * ** ** '" * * * '" '" * * * * '" ** '" '" * * *' * * ** '" **'*** '" "':+ '" '" 
'Dependent variable is LOG_RQM I 
'3-+ observations used for estimation from 1975 to 2008 

'************************* ******* *********************************************** 
'Regressor Coeffi cient Standard Error T-Ratio[P rob] 
'LOG RGD P 4.11 98 .43783 9.4097[.000] 
'L OG TSDEP 1.3 188 .43847 3. 0077[.006] 
'l"i FL -.09452 1 .020694 -4.5676[.000] 
'C -37.8457 4.9239 -7. 686 1 [.000] 

,************ ***** ****** **** ***** ********* ** ***** ******************* ************ 

Dependent Variab le: DLOG_RQ M 
Method: I_east Sq uares 
Date: 09/ 1111 1 Time: 16:3 1 
Sample (adjusted): 1973 2008 
Included observations: 36 after adj ustments 

Variable Coefficient Std . Error t-Stati stic Prob. 

C -4.032345 2.4 11 662 - 1.6720 19 0. 1075 
DLOG RQM(- I) -0.373928 0. 185564 -2.0 15087 0.0552 
DLOG_RQM(-2) -0.2 10070 0.189824 -1.10665 9 0.2794 

DLOGRGDP 0.259274 0.48 127 1 0.53872 8 0.5950 
DLOGRGDP(- I) 0.004244 0.54988 1 0.0077 17 0.9939 
DLOGTS DEPR 0.09 1140 0.145175 0.62 7794 0. 53 61 

DIN FL -0.0 103 11 0.002549 -4.045672 0.0005 
DIN FL(- I) 0.007270 0.0045 14 1.6 10753 0.1 203 

LOG RQM I CPI(- I) -0. 150079 0.0985 18 - 1. 523375 0.1 407 
LOG RGDP(- I) 0.463 65 9 0.290286 1.59725 1 0. 1233 

LOG TSDEPR(- I) 0.252097 0. 136442 1.847652 0.0770 
INFL(- I) -0 .01 8769 0.005286 -3. 55045 1 0.00 16 

R-squared 0.626229 Mean depende nt var 0.05794 1 
Adj usted R-squared 0.454917 S.D. dependent var 0.214637 
S.E. of regress ion 0.158466 Akaike info criterion -0.58535 1 
Sum squared resid 0.602676 Schwarz cri terion -0.05751 1 
Log li ke lihood 22.5363 1 Hannan-Qu inn criter. -0.40 1120 
F -statistic 3.655490 Durbin-Watson stat 2.04272 1 
Pro b(F-stat istic) 0.003834 

V, 'a ld Test: 
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Equa ti on: URECM_ QMNN 

Test Stati stic 

F-stati stic 
Chi -square 

Va lue 

4.471 173 
· 17.88469 

Nu ll Hypothesis Summary: 

Normalized Restrict ion (= 0) 

C(9) 
C( I O) 
C(II) 
C( 12) 

df Probability 

(4,24) 
4 

0.0077 
0.0013 

Value Std, Err. 

-0,150079 0.0985 18 
0.463659 0,290286 
0.252097 0.136442 

-0,018769 0,005286 

Restrictions are linear in coefficients, 

Agricultures Unrestricted Error correction Model 

Method: Least Squares 
Date: 07/2 111 1 Time: 18:14 
Sample (adjusted): 1972 2008 
Included observat ions: 37 after adjustments 

Variab le Coefficient Std, Error t-Statistic Prob, 

DLOGRYAGG(-I ) 0,250644 0,170285 1.47 1909 0. 15 18 
DDLOGKAGG -3.023857 2.82284 1 -1.07 1210 0,2929 
DLOGLAGAF -7,806410 2,901726 -2,690265 0,01 17 

DLOGRAIN 0, 192089 0,113757 1,688585 0, 1020 
LOG RYAGG(-I) -0.384150 0. 136669 -2,8 10797 0,0088 
DLOGKAGG(-I) 1.429576 2.339519 0,611056 0,5459 
LOG LAGAF(-I) 0,345 145 0 ,094052 3.669721 0,0010 
LOG RAIN(- I) 0,097659 0.1 10141 0,886680 0,3825 

R-squared 0.466~5 I Mean dependent var 0 ,02 5034 
Adjusted R-squared 0.337663 S.D. dependent var 0.084963 
S,E,of regress ion 0,069146 Akaike info crit erion -2,3 16381 
Sum squared resid 0.138654 Schwarz criterion -1,968075 
Log like lihood 50.85305 Hannan-Qu inn criter. -2, 193587 
Durbin- Watson stat 1.709923 
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Wald Test: 
Eq uation: UECM_ Y AGG 

Test Statisti c 

F -stat istic 
Chi -square 

Value 

4. 10723 0 
16.42892 

Nu ll Hypothesis Summary: 

Norm alized Rest riction (= 0) 

C(5) 
C(6) 
C(7) 
C(8) 

df Probability 

(4,29) 
4 

0.0093 
0.0025 

Va lue Std. Err. 

-0 .384 150 0.136669 
1.429576 2.3395 19 
0.345145 0.094052 
0.097659 0.110141 

Restri cti ons are li near in coeffi cients. 
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